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DNA aptamers that bind to tau protein at its phosphorylat-
able sites are identified. These disclosed DNA aptamers not
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oligomer formation of tau protein. Molecular probes based
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comprising these disclosed DNA aptamers can be used to
arrest or treat the progression of tauopathy associated neu-
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Application Serial No. PCT/US2005/038185, filed Oct. 21,
2005, which claims the benefit of U.S. Provisional Patent
Application No. 60/620,790, filed Oct. 21, 2004.

[0009] U.S. Pat. No. 7,456,027, entitled “Proteolytic bio-
markers for traumatic injury to the nervous system,” issued
Nov. 25, 2008, which claims the priority of U.S. Provisional
Patent application No. 60/562,819 filed Apr. 15, 2004; and
entitled “PROTEOLYTIC MARKERS AS DIAGNOSTIC
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BIOMARKERS FOR CANCER, ORGAN INJURY AND
MUSCLE REHABILITATION/EXERCISE OVERTRAIN-
ING.”

[0010] U.S. Pat. No. 7,396,654, entitled “Neural proteins
as biomarkers for traumatic brain injury,” issued Jul. 8,
2008, which claims the priority of U.S. Provisional Patent
application No. 60/562,944 filed Apr. 15, 2004; and entitled
“NEURAL PROTEINS AS BIOMARKERS FOR NER-
VOUS SYSTEM INJURY AND OTHER NEURAL DIS-
ORDERS.”

[0011] U.S. Pat. No. 7,291,710, entitled “Detection of
spectrin and spectrin proteolytic cleavage products in assess-
ing nerve cell damage,” issued Nov. 6, 2007, claims the
priority of U.S. provisional patent application No. 60/409,
920 entitled “Analyzing Central Nervous system Injuries,”
and filed Sep. 11, 2002.

[0012] U.S. Pat. No. 7,052,854, entitled “Application of
nanotechnology and sensor technologies for ex-vivo diag-
nostics,” issued May 30, 2006, which is a continuation-in-
part of co-pending U.S. application Ser. No. 10/154,201,
filed May 22, 2002; which claims the benefit of U.S.
application Ser. No. 60/292,962, filed May 23, 2001. This
application is also a continuation-in-part of co-pending U.S.
application Ser. No. 10/274,829, filed Oct. 21, 2002; and a
continuation-in-part of co-pending U.S. application Ser. No.
10/345,532, filed Jan. 16, 2003.

[0013] U.S. patent application Ser. No. 15/391,755,
entitled “Micro-RNA, Autoantibody and Protein Markers
for Diagnosis of Neuronal Injury,” which is a continuation
of U.S. patent application Ser. No. 13/395,931, filed Jul. 12,
2012, which 1s filed as PCT/US10/48789 on Sep. 14, 2010,
which claims priority from U.S. Provisional Patent Appli-
cation No. 61/242,123, entitled “Markers for Diagnosis of
Neuronal Injury,” filed Sep. 14, 2009; U.S. Provisional
Patent Application No. 61/354,504, entitled “Glial Fibrillary
Acidic Protein, Breakdown Products Thereof, and Autoan-
tibodies Thereto as Biomarkers of Neurological Condition,”
filed Jun. 14, 2010; U.S. Provisional Patent Application No.
61/355,779, entitled “Glial Fibrillary Acidic Protein, Break-
down Products Thereof, and Autoantibodies Thereto as
Biomarkers of Neurological Condition,” filed Jun. 17, 2010,
and U.S. Provisional Patent Application No. 61/380,158,
entitled “Markers for Diagnosis of Neuronal Injury,” filed
Sep. 3, 2010.

[0014] U.S. patent application Ser. No. 14/120,992,
entitled “Endothelial-Monocyte Activating Polypeptide 1I
(Emap-II), a Biomarker for Use in Diagnosis and Treatment
of Brain Injury,” filed Sep. 26, 2014, which is a division of
U.S. patent application Ser. No. 12/806,725, filed Aug. 19,
2010, which is a division of U.S. patent application Ser. No.
12/290,174, filed Oct. 28, 2008, now U.S. Pat. No. 7,799,
536, which is a continuation of Application No. PCT/
US2007/011613, filed May 15, 2007, which claims priority
from U.S. Provisional Patent Application No. 60/809,986,
filed May 18, 2006.

[0015] U.S. patent application Ser. No. 15/308,934,
entitled “PROTEIN BIOMARKERS FOR ACUTE, SUB-
ACUTE AND CHRONIC TRAUMATIC INJURIES OF
THE CENTRAL NERVOUS SYSTEM,” filed Apr. 8, 2015,
which claims the benefit of U.S. Provisional Application Ser.
No. 61/976,733, filed Apr. 8, 2014.

[0016] U.S. patent application Ser. No. 15/340,002,
entitled “Neural Proteins as Biomarkers for Nervous System
Injury and Other Neural Disorders,” filed Nov. 1, 2016,
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which is a continuation of U.S. Ser. No. 12/950,142, filed
Nov. 19, 2010, which is a continuation of U.S. Ser. No.
12/822,560, filed Jun. 24, 2010, now U.S. Pat. No. 8,492,
107, which is a continuation-in-part of U.S. Ser. No. 12/137,
194, filed Jun. 11, 2008, now abandoned, which is a divi-
sional of U.S. Ser. No. 11/107,248, filed Apr. 15, 2005, now
U.S. Pat. No. 7,396,654, which claims the benefit of U.S.
Provisional Application Ser. No. 60/562,944, filed Apr. 15,
2004.

[0017] U.S. patent application Ser. No. 13/470,079,
entitled “In Vitro Diagnostic Devices for Nervous System
Injury and Other Neural Disorders,” filed May 11, 2012,
which is a continvation-in-part of application Ser. No.
12/950,142, filed on Nov. 19, 2010, which is a continuation
of application Ser. No. 12/822,560, filed on Jun. 24, 2010,
now U.S. Pat. No. 8,492,107, which is a continuation-in-part
of application Ser. No. 12/137,194, filed on Jun. 11, 2008,
now abandoned, which is a division of U.S. patent applica-
tion Ser. No. 11/107,248, filed Apr. 15, 2005, now U.S. Pat.
No. 7,396,654, which claims priority from U.S. Provisional
Patent Application No. 61/484,945, filed May 11, 2011, and
U.S. Provisional Patent Application No. 60/562,944, filed
Apr. 15, 2004.

[0018] U.S. patent application Ser. No. 15/441,183, “Bio-
marker Assay of Neurological Condition,” filed on Feb. 23,
2017, which is a continuation in part of U.S. patent appli-
cation Ser. No. 13/395,931, filed Jul. 12, 2012, which is a
continuation-in-art of U.S. patent application Ser. No.
13/379,164, filed Jun. 29, 2012, which is a continuation-in-
art of International Patent Application No. PCT/US11/
40998, filed Jun. 17, 2011, which claims priority from U.S.
Provisional Patent Application No. 61/476,158, filed Apr.
15, 2011; this patent application is also a national stage entry
of International Patent Application No. PCT/US10/48789,
filed Sep. 14, 2010, which claims priority from U.S. Provi-
sional Patent Application No. 61/380,158, filed Sep. 3, 2010;
which is also a national stage entry of International Patent
Application No. PCT/US2010/039335, filed Jun. 21, 2010,
which claims priority from U.S. Provisional Patent Appli-
cation No. 61/355,779, file Jun. 7, 2010, U.S. Provisional
Patent Application No. 61/354,504, filed Jun. 14, 2010, U.S.
Provisional Patent Application No. 61/345,188, filed May
17, 2010, U.S. Provisional Patent Application No. 61/242,
123, filed Sep. 14, 2009, and U.S. Provisional Patent Appli-
cation No. 61/218,727, filed Jun. 19, 2009.

[0019] U.S. patent application Ser. No. 13/717,405,
entitled “Biomarker Assay of Neurological Condition,” filed
Dec. 17,2012, which is a continuation-in-part of U.S. patent
application Ser. No. 13/379,164, filed as application No.
PCT/US2010/039335 on Jun. 21, 2010, which claims pri-
ority from U.S. Provisional Patent Application No. 61/218,
727, filed Jun. 19, 2009, U.S. Provisional Patent Application
No. 61/345,188, filed May 17, 2010; and U.S. Provisional
Patent Application No. 61/355,779, entitled “Glial Fibrillary
Acidic Protein, Breakdown Products Thereof, and Autoan-
tibodies Thereto as Biomarkers of Neurological Condition,”
filed Jun. 17, 2010.

[0020] U.S. patent application Ser. No. 15/441,223,
entitled “Processes and Kits to Detect and Monitor for
Diagnostic Biomarkers for Post Traumatic Stress Disorder
(Ptsd) and to Differentiate Between Suicidal and Non-
Suicidal form of the Disorder,” filed Feb. 23, 2017, which is
a continuation of U.S. patent application Ser. No. 13/618,
589, filed Sep. 14, 2012, which claims priority from U.S.
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Provisional Patent Application No. 61/569,047, filed Dec. 9,
2011, and U.S. Provisional Patent Application No. 61/534,
560, filed Sep. 14, 2011.

[0021] U.S. patent application Ser. No. 13/337,588,
entitled “Synaptotagmin and collapsin response mediator
protein as biomarkers for traumatic brain injury,” filed Dec.
27, 2011, which claims the priority of U.S. provisional
application Ser. No. 61/427,343, filed Dec. 27, 2010. The
present application is also a continuation-in-part of co-
pending U.S. application Ser. No. 12/535,960, filed Aug. 5,
2009, which is a continuation-in-part of International Appli-
cation No. PCT/US2008/001644, filed Feb. 6, 2008, which
claims the benefit of U.S. provisional application Ser. No.
60/888,432, filed Feb. 6, 2007.

[0022] U.S. patent application Ser. No. 12/950,142,
entitled “NEURAL PROTEINS AS BIOMARKERS FOR
NERVOUS SYSTEM INJURY AND OTHER NEURAL
DISORDERS,” filed Nov. 19, 2010, which is a continuation
of U.S. Ser. No. 12/822,560, filed Jun. 24, 2010, which is a
continuation-in-part of U.S. Ser. No. 12/137,194, filed Jun.
11, 2008, now abandoned, which is a divisional of U.S. Ser.
No. 11/107,248, filed Apr. 15, 2005, now U.S. Pat. No.
7,396,654, which claims the benefit of U.S. Provisional
Application Ser. No. 60/562,944, filed Apr. 15, 2004.

[0023] U.S. patent application Ser. No. 12/685,822,
entitled “Biomarkers of liver injury,” filed Jan. 12, 2010,
which is a continuation-in-part of U.S. Ser. No. 11/396,406,
filed Mar. 31, 2006, now U.S. Pat. No. 7,645,584, which
claims the benefit of U.S. provisional Ser. No. 60/668,121,
filed Apr. 1, 2005.

[0024] U.S. patent application Ser. No. 12/535,960,
entitled “Synaptotagmin And Collapsin Response Mediator
Protein As Biomarkers For Traumatic Brain Injury,” filed
Aug. 5, 2009, which is a continuation-in-part of Interna-
tional Application No. PCT/US2008/001644, filed Feb. 6,
2008, which claims priority from U.S. Provisional Applica-
tion Ser. No. 60/888,432, filed Feb. 6, 2007, now abandoned.

[0025] U.S. patent application Ser. No. 12/137,156,
entitled “Proteolytic Markers as Diagnostic Biomarkers for
Cancer, Organ Injury and Muscle Rehabilitation/Exercise
Overtraining,” filed Jun. 11, 2008, which is a divisional of
U.S. Ser. No. 11/106,932, filed Apr. 15, 2005, which claims
the priority of U.S. Provisional Patent application No.
60/562,819 filed Apr. 15, 2004.

[0026] U.S. patent application Ser. No. 11/914,003,
entitled “ITmaging of Neural and Organ Injury or Damage,”
filed Jun. 26, 2008, which is a national entry of International
Application No. PCT/US2006/018222, filed May 11, 2006,
which claims priority from U.S. Provisional Patent applica-
tion No. 60/680,282, filed May 11, 2005.

[0027] U.S. patent application Ser. No. 11/666,397,
entitled “Real-Time Assessment of Biomarkers for Dis-
ease,” filed Oct. 27, 2005, which is a national entry of
International Application No. PCT/US05/39037, filed Oct.
27, 2005, which claims priority from U.S. Provisional Patent
application No. 60/622,381, filed Oct. 27, 2004.

[0028] U.S. patent application Ser. No. 11/551,141,
entitled “Multidimensional Protein Separation,” filed Oct.
19, 2006, which is a continuation-in-part of PCT application
number PCT/US2005/013016, entitled “MULTIDIMEN-
SIONAL PROTEIN SEPARATION” filed Apr. 19, 2005,
which claims priority to U.S. provisional application No.
60/563,396, entitled “COMBINED CATIONIC ANIONIC
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EXCHANGE TANDEM GEL ELECTROPHORESIS PRO-
TEIN SEPARATION;,” filed Apr. 19, 2004.

[0029] U.S. Pub. App. No. 2005/0260654, entitled “Neu-
ral proteins as biomarkers for nervous system injury and
other neural disorders,” published Nov. 24, 2005.

[0030] The entire contents and disclosures of these patent
applications are incorporated herein by reference in their
entirety.

GOVERNMENT INTEREST STATEMENT

[0031] This invention was made with government support
under Grant GM079359-08 awarded by The National Insti-
tutes of Health. The government has certain rights in the
invention.

[0032] The research described here was support in part by
the Department of Veteran’s Affairs, Veterans Health
Administration, Rehabilitation Research and Development
Service. Award Number 101 RX001859 A02. Dr. Kevin
Wang, Associate Professor. The government has certain
rights in the invention.

SEQUENCE LISTING

[0033] The instant application contains a Sequence Listing
which has been submitted electronically in ASCII format
and is hereby incorporated by reference in its entirety. Said
ASCII copy, created on Dec. 29, 2017, is named T2315-
22747US01_sequence listing_ST25.txt and is 12 kb in size.

BACKGROUND

Field of the Invention

[0034] The disclosed invention relates generally to prod-
ucts and methods for detecting and treating tauopathy-
related neurodegenerative disorders.

Related Art

[0035] There are almost 1.9 million new cases of trau-
matic brain injury (TBI) incidents each year in the USA. In
addition, over 5 million of the US population might be living
with some forms of chronic issues due to traumatic brain
injury (TBI). It is increasingly recognized that TBI is a
complex, heterogeneous disorder. For example, repetitive
concussion o mild TBI might result in brain protein (tau)
aggregate accumulation over time, leading to neurodegen-
erative condition called chronic traumatic encephalopathy.
There are other tauopathy human diseases—including
Alzheimer’s disease.

[0036] Tau protein is a microtubule associate protein
enriched in the axons of neurons in the central nervous
system. Tau is known to promote the assembly of microtu-
bules (MT) and to maintain microtubule integrity in neu-
rons. It is found that hyperphosphorylation of tau would
cause it to dissociate form the MT and to form aggregate and
filaments, which result in death of the neurons. Such phe-
nomenon is termed tauopathy and is found to be pathologi-
cally involved in several neurodegenerative disorders, such
as Alzheimer’s disease and chronic traumatic encephalopa-
thy.

[0037] It has been reported that the levels of total tau and
phosphorylated tau in cerebrospinal fluid (CSF) highly cor-
relate to the progression of Alzheimer’s disease. However,
current methods to detect total tau and phosphorylated tau,
including mass spectrometry, positron emission tomography
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(PET) imaging, and western blotting in combination with
immunoprecipitation or highperformance liquid chromatog-
raphy (HPLC), usually require a sufficiently large amount of
sample to overcome the detection limit and are either too
costly or too tedious to operate. Currently, there have been
no tau-binding agent such as DNA aptamar in market yet.

SUMMARY

[0038] According to a first broad aspect, the disclosed
invention provides a DNA aptamer comprising a nucleic
acid sequence that is capable of specifically binding to a tau
protein at a phosphorylatable site of the tau protein; wherein
the nucleic acid sequence comprises 66 nucleotides and is
selected from the group consisting of SEQ ID NO: 1, SEQ
ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5,
SEQ ID NO: 6, and SEQ ID NO: 7.

[0039] According to a second broad aspect, the disclosed
invention provides a DNA aptamer comprising a nucleic
acid sequence that is capable of specifically binding to a tau
protein at a phosphorylatable site of the tau protein; wherein
the nucleic acid sequence is selected from the group con-
sisting of SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10,
and SEQ ID NO: 11; and wherein the nucleic acid sequence
is a truncated fragment of a nucleic acid sequence set forth
in SEQ ID NO: 1.

[0040] According to a third broad aspect, the disclosed
invention provides a DNA aptamer comprising a nucleic
acid sequence that is capable of specifically binding to a tau
protein at a phosphorylatable site of the tau protein; wherein
the nucleic acid sequence is selected from the group con-
sisting of SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14,
SEQ ID NO: 15, and SEQ ID NO: 16; and wherein the
nucleic acid sequence is a truncated fragment of a nucleic
acid sequence set forth in SEQ ID NO: 2.

[0041] According to a forth broad aspect, the disclosed
invention provides a DNA aptamer comprising a nucleic
acid sequence that is capable of specifically binding to a tau
protein at a phosphorylatable site of the tau protein; wherein
the nucleic acid sequence is selected from the group con-
sisting of SEQ ID NO: 17, SEQ ID NO: 18, and SEQ ID NO:
19; and wherein the nucleic acid sequence is a truncated
fragment of a nucleic acid sequence set forth in SEQ ID NO:
3.

[0042] According to a fifth broad aspect, the disclosed
invention provides a DNA aptamer comprising a nucleic
acid sequence that is capable of specifically binding to a tau
protein at a phosphorylatable site of the tau protein; wherein
the nucleic acid sequence is selected from the group con-
sisting of SEQ ID NO: 20, SEQ ID NO: 21, and SEQ ID NO:
22; wherein the nucleic acid sequence is a truncated frag-
ment of a nucleic acid sequence set forth in SEQ ID NO: 4.
[0043] According to a sixth broad aspect, the disclosed
invention provides a DNA aptamer comprising a nucleic
acid sequence that is capable of specifically binding to a tau
protein at a phosphorylatable site of the tau protein; wherein
the nucleic acid sequence is selected from the group con-
sisting of SEQ ID NO: 23, SEQ ID NO: 24, and SEQ ID NO:
25; and wherein the nucleic acid sequence is a truncated
fragment of a nucleic acid sequence set forth in SEQ ID NO:
5.

[0044] According to a seventh broad aspect, the disclosed
invention provides a DNA aptamer comprising a nucleic
acid sequence that is capable of specifically binding to a tau
protein at a phosphorylatable site of the tau protein; wherein
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the nucleic acid sequence is selected from the group con-
sisting of SEQ ID NO: 26 and SEQ ID NO: 27; and wherein
the nucleic acid sequence is a truncated fragment of a
nucleic acid sequence set forth in SEQ ID NO: 6.

[0045] According to an eighth broad aspect, the disclosed
invention provides a composition comprising a DNA
aptamer that is capable of specifically binding to a tau
protein at a phosphorylatable site of the tau protein, wherein
the DNA aptamer comprises a nucleic acid sequence com-
prising 66 nucleotides and is selected from the group con-
sisting of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3,
SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, and SEQ ID
NO: 7.

[0046] According to a ninth broad aspect, the disclosed
invention provides a composition comprising a DNA
aptamer that is capable of specifically binding to a tau
protein at a phosphorylatable site of the tau protein, wherein
the DNA aptamer comprises a nucleic acid sequence
selected from the group consisting of SEQ ID NO: 8, SEQ
ID NO: 9, SEQ ID NO: 10, SEQ 1D NO: 11, SEQ ID NO:
12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ
ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO:
19, SEQ ID NO: 20, SEQ ID NO: 21, SEQ ID NO: 22, SEQ
ID NO: 23, SEQ ID NO: 24, SEQ ID NO: 25, SEQ ID NO:
26, and SEQ ID NO: 27.

[0047] According to a tenth broad aspect, the disclosed
invention provides a kit for testing the presence or progres-
sion of various tauopathy diseases comprising a DNA
aptamer and a tau-binding antibody, wherein the DNA
aptamer that is capable of specifically binding to a tau
protein at a phosphorylatable site of the tau protein.
[0048] According to an eleventh broad aspect, the dis-
closed invention provides a DNA aptamer conjugate com-
prising: a signaling moiety conjugated a DNA aptamer that
is capable of binding to a tau protein at a phosphorylatable
site of the tau protein, wherein the DNA aptamer comprises
a nucleic acid sequence selected from the group consisting
of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID
NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ
ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11,
SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID
NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18,
SEQ ID NO: 19, SEQ ID NO: 20, SEQ ID NO: 21, SEQ ID
NO: 22, SEQ ID NO: 23, SEQ ID NO: 24, SEQ 1D NO: 25,
SEQ ID NO: 26, and SEQ ID NO: 27.

[0049] According to a twelve broad aspect, the disclosed
invention provides a DNA aptamer conjugate comprising: a
DNA aptamer that is capable of binding to a tau protein at
a phosphorylatable site of the tau protein, and an azido-
containing cell penetrating peptide linked to the DNA
aptamer, wherein the DNA aptamer comprises a nucleic acid
sequence selected fron the group consisting of SEQ ID NO:
1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID
NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ
ID NO: 9, SEQ ID NO: 10, SEQ 1D NO: 11, SEQ ID NO:
12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ
ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO:
19, SEQ ID NO: 20, SEQ ID NO: 21, SEQ ID NO: 22, SEQ
ID NO: 23, SEQ ID NO: 24, SEQ ID NO: 25, SEQ ID NO:
26, and SEQ ID NO: 27.

[0050] According to a thirteen broad aspect, the disclosed
invention provides a method of detecting the presence or
progression of a tauopathy disease comprising measuring
binding of a DNA aptamer to a phosphorylated tau protein,
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a non-phosphorylated tau, or a total tau protein in a bio-
sample obtained from a subject, thereby determining a level
of tau and phosphor-tau in the biosample, wherein the level
of tau and phosphor-tau indicates whether a tauopathy
disease is present.

[0051] According to a fourteenth broad aspect, the dis-
closed invention provides a method for cell-based imaging
of phosphorylated tau, non-phosphorylated tau, and/or total
tau in a cell comprising: introducing a DNA aptamer con-
jugate into a cell in a cell culture medium; and detecting the
binding of the DNA aptamer conjugate to a tau protein in the
cell; wherein the DNA aptamer conjugate comprises a
modified DNA aptamer that is linked with an azido-contain-
ing cell penetrating peptide; wherein the modified DNA
aptamer is capable of binding to a tau protein at a phospho-
rylatable site of the tau protein; and wherein the DNA
aptamer comprises a nucleic acid sequence selected from the
group consisting of SEQ 1D NO: 1, SEQ ID NO: 2, SEQ ID
NO: 3, SEQ IDNO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ
ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10,
SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID
NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17,
SEQ ID NO: 18, SEQ ID NO: 19, SEQ ID NO: 20, SEQ ID
NO: 21, SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24,
SEQ ID NO: 25, SEQ ID NO: 26, and SEQ ID NO: 27.

[0052] According to a fifteenth broad aspect, the disclosed
invention provides a method for in vivo imaging of phos-
phorylated tau, non-phosphorylated tau, and/or total tau in a
subject comprising: delivering a composition comprising a
DNA aptamer conjugate into a subject in need thereof; and
detecting the binding of the DNA aptamer conjugate to a tau
protein in the subject; wherein the DNA aptamer conjugate
comprises a modified DNA aptamer that is linked with an
azido-containing cell penetrating peptide; and wherein the
DNA aptamer comprises a nucleic acid sequence selected
from the group consisting of SEQ ID NO: 1, SEQ ID NO:
2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID
NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ
ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO:
13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ
ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19, SEQ ID NO:
20, SEQ ID NO: 21, SEQ ID NO: 22, SEQ ID NO: 23, SEQ
ID NO: 24, SEQ ID NO: 25, SEQ ID NO: 26, and SEQ ID
NO: 27.

[0053] According to a sixteenth broad aspect, the dis-
closed invention provides a method for in vivo imaging of
phosphorylated tau, non-phosphorylated tau, and/or total tau
in a subject comprising: delivering a composition compris-
ing a DNA aptamer conjugate into a subject in need thereof;
and detecting the binding of the DNA aptamer conjugate to
a tau protein in the subject; wherein the DNA aptamer
conjugate comprises a DNA aptamer conjugated to a moiety,
wherein the moiety 1s a reporter molecule can be a molecular
becon, fluorescent tag, a radioisotope for positron emission
tomography (PET), single-photon emission computed
tomography (SPECT), and/or contrast-agent-based MRI,
and wherein the DNA aptamer comprises a nucleic acid
sequence selected from the group consisting of SEQ ID NO:
1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID
NO: 5, SEQ IDNO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ
ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO:
12, SEQID NC: 13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ
ID NO: 16, SEQ 1D NO: 17, SEQ ID NO: 18, SEQ ID NO:
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19, SEQ ID NO: 20, SEQ ID NO: 21, SEQ ID NO: 22, SEQ
ID NO: 23, SEQ 1D NO: 24, SEQ ID NO: 25, SEQ ID NO:
26, and SEQ ID NO: 27.

[0054] According to a seventeenth broad aspect, the dis-
closed invention provides a method for treating a progres-
sion of tauopathy associated neurodegenerative disorder
comprising administering to a subject in need thereof a
composition comprising a therapeutically effective amount
of a DNA aptamer that is capable of binding to a tau protein
at a phosphorylatable site of the tau protein, wherein when
the DNA aptamer binds to a tau protein, the DNA aptamer
is capable of inhibiting tau phosphorylation and tau protein
oligomerization and/or aggregation in the brain of the sub-
ject.

BRIEF DESCRIPTION OF THE DRAWINGS

[0055] The accompanying drawings, which are incorpo-
rated herein and constitute part of this specification, illus-
trate exemplary embodiments of the invention, and, together
with the general description given above and the detailed
description given below, serve to explain the features of the
invention.

[0056] FIG. 1 illustrates the human MAPT gene and the
splice isoforms of tau in the human brain.

[0057] FIG. 2 illustrates positioning of phosphorylation
sites on tau from Alzheimer brain, according to an embodi-
ment of the disclosed invention.

[0058] FIGs. A, 3B C illustrate the progress of aptamer
selection against each of the peptides of interest, according
to an embodiment of the disclosed invention.

[0059] FIG. 4 illustrates binding of oligonucleotides
amplified from Round #1, Round #6, and Round #7 to
Ni-NTA beads, according to an embodiment of the disclosed
invention.

[0060] FIG. 5 illustrates decreasing binding intensities
observed after involving stringent counter selections,
according to an embodiment of the disclosed invention.
[0061] FIGS. 6A and 6B illustrate evaluation of the
SELEX progress, according to an embodiment of the dis-
closed invention.

[0062] FIGS. 7A, 7B, 7C and 7D illustrate binding test
with reference sequences, according to an embodiment of
the disclosed invention.

[0063] FIG. 8 illustrates Fluorescence intensities detected
on Ni-NTA, T231, and S3965404 beads after incubated with
fluorophore-labeled sequences, including Refd, a random
DNA library, amplicons obtained in Round #10, and ampli-
cons obtained in Round #11, according to an embodiment of
the disclosed invention.

[0064] FIG. 9 illustrates binding test with S3965404 pep-
tide using different DNA pools and sequences, according to
an embodiment of the disclosed invention.

[0065] FIG. 10 illustrates the binding strengths of ampli-
cons from Round #12 to Round #17 against Ni-NTA beads
and T231 beads, according to an embodiment of the dis-
closed invention.

[0066] FIG. 11 illustrates binding test against T231 pep-
tide with 100 nM of amplicons acquired from Round #15,
Round #16, and Round #17, according to an embodiment of
the disclosed invention.

[0067] FIGS. 12A through 127] illustrate primary binding
analysis between the top 10 aptamer candidates and their
prospective target of peptides, according to an embodiment
of the disclosed invention.
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[0068] FIGS. 13A and 13B illustrate sequence optimiza-
tion of IT1, according to an embodiment of the disclosed
invention.

[0069] FIGS. 14A and 14B illustrate sequence optimiza-
tion of IT2, according to an embodiment of the disclosed
invention.

[0070] FIGS. 15A and 15B illustrate sequence optimiza-
tion of IT3, according to an embodiment of the disclosed
invention.

[0071] FIGS. 16A and 16B illustrate sequence optimiza-
tion of IT4, according to an embodiment of the disclosed
invention.

[0072] FIGS. 17A and 17B illustrate sequence optimiza-
tion of ITS, according to an embodiment of the disclosed
invention.

[0073] FIGS. 18A and 18B illustrate sequence optimiza-
tion of IT6, according to an embodiment of the disclosed
invention.

[0074] FIGS. 19A through 19D illustrate the binding abili-
ties evaluated at room temperature and at 37° C. as com-
pared to the binding strengths measured at 4° C., according
to an embodiment of the disclosed invention.

[0075] FIG. 20 illustrates a typical sensorgram displaying
the association, equilibrium, and dissociation phases,
according to an embodiment of the disclosed invention.
[0076] FIG. 21 illustrates the derivation of Equation 3-7
used in the association phase, according to an embodiment
of the disclosed invention.

[0077] FIG. 22 illustrates the derivation of Equation 3-8
used in the steady state, according to an embodiment of the
disclosed invention.

[0078] FIG. 23 illustrates the derivation of Equation 3-9
used in the dissociation phase, according to an embodiment
of the disclosed invention.

[0079] FIGS. 24A through 24G illustrate Gel electropho-
resis of each tau aptamer and its binding complex with tau
protein, according to an embodiment of the disclosed inven-
tion.

[0080] FIG. 25 illustrates immunoblotting image for
examining formation of tau oligomers and the inhibition of
tau aggregation by treatment with aptamers, according to an
embodiment of the disclosed invention.

[0081] FIG. 26 illustrates immumoblotting image of tau
oligomer and the housekeeping protein p-actin from
SH-SYS5Y cell lysate, according to an embodiment of the
disclosed invention.

[0082] FIGS. 27A and 27B illustrate aptamer-based
molecular beacons labeled with quencher Q and fluorophore
F for detection of tau protein, according to an embodiment
of the disclosed invention.

[0083] FIG. 28 illustrates sandwich assay for detection of
tau protein, according to an embodiment of the disclosed
invention.

[0084] FIG. 29 illustrates DBCO modified DNA aptamer
can be linked with azido-TAT peptide via click chemistry for
intracellular imaging of tau, according to an embodiment of
the disclosed invention.

[0085] FIG. 30 is a table showing the identification of Tau
epitope binding targets for three tau aptamers, according to
an embodiment of the disclosed invention.

[0086] FIG. 31 is a table showing the sequence truncation
of some tau aptamers, and their preferred binding to specific
tau epitopes, according to an embodiment of the disclosed
invention.
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[0087] FIG. 32 illustrates a delivery apparatus containing
an injection liquid solution or suspension comprising at least
one effective dosage of a pharmaceutical composition com-
prising a therapeutically effective amount of a DNA aptamer
that is capable of binding to a tau protein at a phosphory-
latable site of the tau protein, an adjuvant, and/or a phar-
maceutically acceptable diluent or excipient, according to an
embodiment of the disclosed invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Definitions

[0088] Where the definition of terms departs from the
commonly used meaning of the term, applicant intends to
utilize the definitions provided below, unless specifically
indicated.

[0089] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as is com-
monly understood to which the claimed subject matter
belongs. In the event that there is a plurality of definitions for
terms herein, those in this section prevail. All patents, patent
applications, publications and published nucleotide and
amino acid sequences (e.g., sequences available in GenBank
or other databases) referred to herein are incorporated by
reference. Where reference is made to a URL or other such
identifier or address, it is understood that such identifiers can
change and particular information on the internet can come
and go, but equivalent information can be found by search-
ing the internet. Reference thereto evidences the availability
and public dissemination of such information.

[0090] It is to be understood that the foregoing general
description and the following detailed description are exem-
plary and explanatory only and are not restrictive of any
subject matter claimed. In this application, the use of the
singular includes the plural unless specifically stated other-
wise. [t must be noted that, as used in the specification and
the appended claims, the singular forms “a,” “an” and “the”
include plural referents unless the context clearly dictates
otherwise.

[0091] For purposes of the disclosed invention, a value or
property is “based” on a particular value, property, the
satisfaction of a condition, or other factor, if that value is
derived by performing a mathematical calculation or logical
decision using that value, property or other factor.

[0092] For purpose of the disclosed invention, the term
“adjacent” refers to “next to” or “adjoining something else.”
[0093] For purposes of the disclosed invention, the term
“comprising”, the term “having”, the term “including,” and
variations of these words are intended to be open-ended and
mean that there may be additional elements other than the
listed elements.

[0094] For purposes of the disclosed invention, directional
terms such as “top,” “bottom,” “upper,” “lower,” “above,”
“below,” “left,” “right,” “horizontal,” “vertical,” “up,”
“down,” efc., are used merely for convenience in describing
the various embodiments of the disclosed invention. The
embodiments of the disclosed invention may be oriented in
various ways. For example, the diagrams, apparatuses, etc.,
shown in the drawing figures may be flipped over, rotated by
90° in any direction, reversed, etc.

[0095] For purposes of the disclosed invention, the term
“toward” refers to decreasing the distance between two
aligned objects. For example, a contact controlling position-
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ing device may be used to move: a stamp towards an ink
palette, an ink palette towards a stamp, a stamp towards a
substrate, a substrate towards a stamp, etc.

[0096] For purposes of the disclosed invention, it should
be noted that to provide a more concise description, some of
the quantitative expressions given herein are not qualified
with the term “about.” It is understood that whether the term
“about” is used explicitly or not, every quantity given herein
is meant to refer to the actual given value, and it is also
meant to refer to the approximation to such given value that
would reasonably be inferred based on the ordinary skill in
the art, including approximations due to the experimental
and/or measurement conditions for such given value.
[0097] For purpose of the disclosed invention, the term
“linked” refers to a covalent linkage between two polypep-
tides in a fusion protein. The polypeptides are typically
joined via a peptide bond, either directly to each other or via
one or more additional amino acids.

[0098] For purpose of the disclosed invention, the term
“linker” refers to short peptide sequences that occur between
functional protein domains and link the functional domains
together. Linkers designed by researchers are generally
classified into three categories according to their structures:
flexible linkers, rigid linkers, and in vivo cleavable linkers.
A flexible linker is often composed of flexible residues like
glycine and serine so that the adjacent protein domains are
free to move relative to one another. A linker also may play
a role in releasing the free functional domain in vivo (as in
in vivo cleavable linkers). Linkers may offer many other
advantages for the production of fusion proteins, such as
improving biological activity, increasing expression yield,
and achieving desirable pharmacokinetic profiles. The com-
position and length of a linker may be determined in
accordance with methods well known in the art and may be
tested for efficacy.

[0099] For purpose of the disclosed invention, the term
“domain” with respect to a protein refers to a distinct
functional or structural unit in the protein. Usually, a protein
domain is responsible for a particular function or interaction,
contributing to the overall role of a protein. Domains may
exist in a variety of biological contexts, where similar
domains can be found in proteins with different functions.
[0100] For purposes of the disclosed invention, the term
“analog” refers to a compound with similar properties.
[0101] For purposes of the disclosed invention, the term
“analyte” refers to the conventional meaning of the term
“analyte,” i.e., a substance or chemical constituent of a
sample that is being detected or measured in a sample.
[0102] For purposes of the disclosed invention, the term
“animal” refers to humans as well as non-human animals.
Preferably, the non-human animal is a mammal (e.g., a
rodent, a mouse, a rat, a rabbit. a monkey, a dog, a cat, a
primate, or a pig). An animal may be a domesticated animal.
An animal may be a transgenic animal.

[0103] For purposes of the disclosed invention, the term
“antibody” refers to a polypeptide ligand substantially
encoded by an immunoglobulin gene or immunoglobulin
genes, or fragments thereof, which specifically binds and
recognizes an epitope (e.g., an antigen). The recognized
immunoglobulin genes include the kappa and lambda light
chain constant region genes, the alpha, gamma, delta, epsi-
lon and mu heavy chain constant region genes, and the
myriad immunoglobulin variable region genes. Antibodies
exist, e.g., as intact immunoglobulins or as a number of well
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characterized fragments produced by digestion with various
peptidases. This includes, e.g., Fab' and F(ab)2 fragments.
The term “antibody,” as used herein, also includes antibody
fragments either produced by the modification of whole
antibodies or those synthesized de novo using recombinant
DNA methodologies. It also includes polyclonal antibodies,
monoclonal antibodies, chimeric antibodies, humanized
antibodies, or single chain antibodies. “Fc” portion of an
antibody refers to that portion of an immunoglobulin heavy
chain that comprises one or more heavy chain constant
region domains, CH1, CH2 and CH3, but does not include
the heavy chain variable region.

[0104] For purposes of the disclosed invention, the term
“aptamer” and the term “DNA aptamer” refer to an oligo-
nucleotide molecule that binds to a target protein. In some
embodiment, the aptamer or the DNA aptamer bind to a
specific region or amino acid sequence of the target protein.
In embodiments of the disclosed invention, “tau aptamer”
are DNA aptamer that can binds to a tau protein at a
phosphorylatable site.

[0105] For purposes of the disclosed invention, the term
“bind,” the term “binding” or the term “bound” refers to any
type of chemical or physical binding, which includes but is
not limited to covalent binding, hydrogen binding, electro-
static binding, biological tethers, transmembrane attach-
ment, cell surface attachment and expression.

[0106] For purposes of the disclosed invention, the term
“carrier” refers to relatively nontoxic chemical compounds
or agents that facilitate the incorporation of a compound of
interest such as naltrexone, methylphenidate, etc., into
organisms.

[0107] For purposes of the disclosed invention, the term
“conjugate” refers to connected, coupled, or linked. In
particular, a DNA aptamer conjugate refers to a DNA
aptamer connected, coupled, or linked with another mol-
ecule such as a reporter molecule, or a signaling moiety.
[0108] For purposes of the disclosed invention, the term
“complementary” and the term “complementarity” refer to
polynucleotides (e.g., a sequence of nucleotides) related by
the base-pairing rules. For example, a DNA sequence 5'-A-
G-T-3' is complementary to a DNA sequence 3'-T-C-A-5' or
a RNA sequence 3'-U-C-A-5",

[0109] For purposes of the disclosed invention, the term
“conservatively modified variants” applies to both amino
acid and nucleic acid sequences. With respect to particular
nucleic acid sequences, conservatively modified variants
refer to those nucleic acids that encode identical or conser-
vatively modified variants of the amino acid sequences.
Because of the degeneracy of the genetic code, a large
number of functionally identical nucleic acids encode any
given protein. For instance, the codons GCA, GCC, GCG
and GCU all encode the amino acid alanine. Thus, at every
position where an alanine is specified by a codon, the codon
can be altered to any of the corresponding codons described
without altering the encoded polypeptide. Such nucleic acid
variations are “silent variations” and represent one species
of conservatively modified variation. Every nucleic acid
sequence herein that encodes a polypeptide also describes
every possible silent variation of the nucleic acid. One of
ordinary skill will recognize that each codon in a nucleic
acid (except AUG, which is ordinarily the only codon for
methionine; one exception is Micrococcus rubens, for which
GTG is the methionine codon (Ishizuka, et al., (1993) I.
Gen. Microbiol. 139:425-32) can be modified to yield a
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functionally identical molecule. Accordingly, each silent
variation of a nucleic acid, which encodes a polypeptide of
the disclosed invention, is implicit in each described poly-
peptide sequence and incorporated herein by reference.
[0110] For purposes of the disclosed invention, the term
“control amount” of a marker refers to any amount or a
range of amount which is to be compared against a test
amount of a marker. For example, a control amount of a
marker can be the amount of a marker in a person without
neural injury and/or neuronal disorder. A control amount can
be either in absolute amount (e.g., pg/ml) or a relative
amount (e.g., relative intensity of signals).

[0111] For purposes of the disclosed invention, the term
“correspond” and the term “corresponding” refer to that a
protein sequence refer interchangeably to an amino acid
position(s) of a protein. An amino acid at a position of a
protein may be found to be equivalent or corresponding to
an amino acid at a position of one or more other protein(s)
based on any relevant evidence, such as the primary
sequence context of the each amino acid, its position in
relation to the N-terminal and C-terminal ends of its respec-
tive protein, the structural and functional roles of each amino
acid in its respective protein, etc.

[0112] For purposes of the disclosed invention, the term
“detect” refers to identifying the presence, absence or
amount of the object to be detected.

[0113] For purposes of the disclosed invention, the term
“detectable moiety” or the term “label” refers to a compo-
sition detectable by spectroscopic, photochemical, bio-
chemical, immunochemical, or chemical means. For
example, useful labels include 32P, 35S, fluorescent dyes,
electron-dense reagents, enzymes (e.g., as commonly used
in an ELISA), biotin-streptavidin, digoxigenin, haptens and
proteins for which antisera or monoclonal antibodies are
available, or nucleic acid molecules with a sequence
complementary to a target. The detectable moiety often
generates a measurable signal, such as a radioactive, chro-
mogenic, or fluorescent signal, that can be used to quantify
the amount of bound detectable moiety in a sample. Quan-
titation of the signal is achieved by, e.g., scintillation count-
ing, densitometry, or flow cytometry.

[0114] For purposes of the disclosed invention, the term
“diagnostic” refers to identifying the presence or nature of a
pathologic condition. Diagnostic methods differ in their
sensitivity and specificity. The “sensitivity” of a diagnostic
assay is the percentage of diseased individuals who test
positive (percent of “true positives”). Diseased individuals
not detected by the assay are “false negatives.” Subjects who
are not diseased and who test negative in the assay, are
termed “true negatives.” The “specificity” of a diagnostic
assay is 1 minus the false positive rate, where the “false
positive” rate is defined as the proportion of those without
the disease who test positive. While a particular diagnostic
method may not provide a definitive diagnosis of a condi-
tion, it suffices if the method provides a positive indication
that aids in diagnosis.

[0115] For purposes of the disclosed invention, the phrase
“diagnostic amount” of a marker refers to an amount of a
marker in a subject’s sample that is consistent with a
diagnosis of neural injury and/or neuronal disorder. A diag-
nostic amount can be either in absolute amount (e.g., ug/ml)
or a relative amount (e.g., relative intensity of signals).
[0116] For purposes of the present invention, the term
“dosage form,” the term “form,” and the term “unit dose”
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refer to a method of preparing pharmaceutical products in
which individual doses of medications are prepared and
delivered. Dosage forms typically involve a mixture of
active drug components and nondrug components (excipi-
ents), along with other non-reusable material that may not be
considered either ingredient or packaging.

[0117] For purposes of the present invention, the term
“dosage” refers to the administering of a specific amount,
number, and frequency of doses over a specified period of
time. Dosage implies duration. A “dosage regimen” is a
treatment plan for administering a drug over a period of
time.

[0118] For purposes of the present invention, the term
“dose” refers to a specified amount of medication taken at
one time.

[0119] For purposes of the present invention, the term
“drug” refers to a material that may have a biological effect
on a cell, including but not limited to small organic mol-
ecules, inorganic compounds, polymers such as nucleic
acids, peptides, saccharides, or other biologic materials,
nanoparticles, etc.

[0120] For purposes of the present invention, the term
“effective amount” or “effective dose” or grammatical varia-
tions thereof refers to an amount of an agent sufficient to
exhibit one or more desired effects. The effective amount
may be determined by a person skilled in the art using the
guidance provided herein.

[0121] For purposes of the present invention, the term
“eluant” and the term “washing solution” are interchange-
able and refer to an agent that can be used to mediate
adsorption of a marker to an adsorbent. Eluants and washing
solutions are also referred to as “selectivity threshold modi-
fiers.” Eluants and washing solutions can be used to wash
and remove unbound materials from the probe substrate
surface.

[0122] For purposes of the present invention, the term
“excipient” refers to a natural or synthetic substance formu-
lated alongside the active ingredient of a medication,
included for the purpose of bulking-up formulations that
contain potent active ingredients (thus often referred to as
“bulking agents,” “fillers,” or “diluents™), or to confer a
therapeutic enhancement on the active ingredient in the final
dosage form, such as facilitating drug absorption or solu-
bility. Excipients can also be useful in the manufacturing
process, to aid in the handling of the active substance
concerned such as by facilitating powder flowability or
non-stick properties, in addition to aiding in vitro stability
such as prevention of denaturation over the expected shelf
life. The selection of appropriate excipients also depends
upon the route of administration and the dosage form, as
well as the active ingredient and other factors. Though
excipients were at one time considered to be “inactive”
ingredients, they are now understood to be a key determinant
of dosage form performance,”

[0123] For purposes of the disclosed invention, the phrase
“differentially present” refers to differences in the quantity
and/or the frequency of a marker present in a sample taken
from patients having for example, neural injury as compared
to a control subject. For example, a marker can be a
polypeptide which is present at an elevated level or at a
decreased level in samples of patients with neural injury
compared to samples of control subjects. Alternatively, a
marker can be a polypeptide which is detected at a higher
frequency or at a lower frequency in samples of patients
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compared to samples of control subjects. A marker can be
differentially present in terms of quantity, frequency or both.
A polypeptide is differentially present between the two
samples if the amount of the polypeptide in one sample is
statistically significantly different from the amount of the
polypeptide in the other sample. For example, a polypeptide
is differentially present between the two samples if it is
present at least about 120%, at least about 130%, at least
about 150%, at least about 180%, at least about 200%, at
least about 300%, at least about 500%, at least about 700%,
at least about 900%, or at least about 1000% greater than it
is present in the other sample, or if it is detectable in one
sample and not detectable in the other. Alternatively or
additionally, a polypeptide is differentially present between
the two sets of samples if the frequency of detecting the
polypeptide in samples of patients’ suffering from neural
injury and/or neuronal disorders, is statistically significantly
higher or lower than in the control samples. For example, a
polypeptide is differentially present between the two sets of
samples if it is detected at least about 120%, at least about
130%, at least about 150%, at least about 180%, at least
about 200%, at least about 300%, at least about 500%, at
least about 700%, at least about 900%, or at least about
1000% more frequently or less frequently observed in one
set of samples than the other set of samples.

[0124] For purposes of the disclosed invention, the term
“fragment” of a molecule such as a protein or nucleic acid
refers to a portion of the amino acid or nucleotide sequence.
[0125] For purposes of the present invention, the term
“gene” refers to a nucleic acid (e.g., DNA or RNA) sequence
that comprises coding sequences necessary for the produc-
tion of an RNA or a polypeptide or its precursor. The term
“portion,” when used in reference to a gene, refers to
fragments of that gene. The fragments may range in size
from a few nucleotides to the entire gene sequence minus
one nucleotide. Thus, “a nucleotide comprising at least a
portion of a gene” may comprise fragments of the gene or
the entire gene.

[0126] For purposes of the present invention, the term
“gene expression” refers to a process by which information
from a gene is used the synthesis of a functional gene
product. A gene product is often a protein, but in a non-
protein coding gene such as transfer RNA (tRNA) or small
nuclear RNA (snRNA) gene, the product is a functional
RNA.

[0127] For purposes of the present invention, the term
“gene therapy” refers to the purposeful delivery of genetic
material to cells for the purpose of treating disease or
biomedical investigation and research. Gene therapy
includes the delivery of a polynucleotide to a cell to express
an exogenous nucleotide sequence, to inhibit, eliminate,
augment, or alter expression of an endogenous nucleotide
sequence, or to produce a specific physiological character-
istic not naturally associated with the cell. In some cases, the
polynucleotide itself, when delivered to a cell, can alter
expression of a gene in the cell.

[0128] For purposes of the disclosed invention, the term
“heterologous,” when used in relation to a nucleic acid,
includes reference to a nucleic acid that originates from a
foreign species, or, if from the same species, is substantially
modified from its native form in composition and/or
genomic locus by deliberate human intervention. For
example, a promoter operably linked to a heterologous
structural gene is from a species different from that from
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which the structural gene was derived or, if from the same
species, one or both are substantially modified from their
original form. A heterologous protein may originate from a
foreign species or, if from the same species, is substantially
modified from its original form by deliberate human inter-
vention.

[0129] For purposes of the disclosed invention, the term
“introduce,” when used in relation to a nucleic acid, refers
to delivering a nucleic acid into a cell or a subject.

[0130] For purposes of the disclosed invention, the term
“isolated,” “isolated nucleic acid,” or “isolated protein,”
includes reference to a material, such as a nucleic acid or a
protein, which is substantially or essentially free from com-
ponents which normally accompany or interact with it as
found in its naturally occurring environment. The isolated
material optionally comprises material not found with the
material in its natural environment.

[0131] For purposes of the present invention, the term
“Immunoassay” is an assay that uses an antibody to specifi-
cally bind an antigen (e.g., a marker). The immunoassay is
characterized by the use of specific binding properties of a
particular antibody to isolate, target, and/or quantify the
antigen.

[0132] For purposes of the present invention, the term
“individual” refers to an individual mammal, such as a
human being.

[0133] For purposes of the present invention, the term
“inhibiting” refers to the onset of a disorder means either
lessening the likelihood of the disorder’s onset, preventing
the onset of the disorder entirely, or in some cases, reducing
the severity of the disease or disorder after onset. In the
preferred embodiment, inhibiting the onset of a disorder
means preventing its onset entirely.

[0134] For purposes of the present invention, the term
“Intra-peritoneal injection” or the term “IP injection” refer to
the injection of a substance into the peritoneum.

[0135] For purposes of the disclosed invention, the term
“marker” refers to a polypeptide (of a particular apparent
molecular weight) which is differentially present in a sample
taken from patients having neural injury and/or neuronal
disorders as compared to a comparable sample taken from
control subjects (e.g., a person with a negative diagnosis,
normal or healthy subject).

[0136] For purposes of the present invention, the term
“medical therapy” refers to prophylactic, diagnostic and
therapeutic regimens carried out in vivo or ex vivo on
humans or other mammals.

[0137] For purposes of the present invention, the term
“modified” and the term “mutant” when made in reference
to a gene or to a gene product refer, respectively, to a gene
or to a gene product which displays modifications in
sequence and/or functional properties (i.e., altered charac-
teristics) when compared to the wild-type gene or gene
product.

[0138] For purposes of the disclosed invention, the term
“mutant protein” refers to a protein product encoded by a
gene with mutation.

[0139] For purposes of the disclosed invention, the phrase
“Neural cells” refers to the cells that reside in the brain,
cenfral and peripheral nerve systems, including, but not
limited to, nerve cells, glial cell, oligodendrocyte, microglia
cells or neural stem cells.

[0140] For purposes of the disclosed invention, the phrase
“neuronal specific or neuronally enriched proteins” refers to
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proteins that are present in neural cells and not in non-
neuronal cells, such as, for example, cardiomyocytes, myo-
cytes, in skeletal muscles, hepatocytes, kidney cells and
cells in testis.

[0141] For purposes of the disclosed invention, the term
“nucleic acid” and the term “polynucleotide,” as used inter-
changeably herein, include reference to a deoxyribonucle-
otide or ribonucleotide polymer in either single- or double-
stranded form, and unless otherwise limited, encompasses
known analogues having the essential nature of natural
nucleotides in that they hybridize to single-stranded nucleic
acids in a manner similar to naturally occurring nucleotides
(e.g., peptide nucleic acids).

[0142] For purposes of the present invention, the term
“oligonucleotide,” the term “polynucleotide,” the term
“nucleotide,” and the term “nucleic acid” refer to a molecule
comprised of two or more deoxyribonucleotides or ribo-
nucleotides, and usually more than ten. The exact size of an
oligonucleotide will depend on many factors, which in turn
depends on the ultimate function or use of the oligonucle-
otide. The oligonucleotide may be generated in any manner,
including chemical synthesis, DNA replication, reverse tran-
scription, or a combination thereof. When present in a DNA
form, the oligonucleotide may be single-stranded (i.e., the
sense strand) or double-stranded.

[0143] For purposes of the present invention, the term
“parenteral route” refers to the administration of a compo-
sition, such as a drug in a manner other than through the
digestive tract. Parenteral routes include, but are not limited
to, routes such as intravenous, intra-arterial, transdermal,
intranasal, sub-lingual and intraosseous, etc. For example,
intravenous is also known as 1.V., which is giving directly
into a vein with injection. As the drug directly goes into the
systemic circulation, it reaches the site of action resulting in
the onset the action.

[0144] For purposes of the disclosed invention, the term
“percentage of sequence identity” refers to the value deter-
mined by comparing two optimally aligned sequences over
a comparison window, wherein the portion of the polynucle-
otide sequence in the comparison window may comprise
additions or deletions (i.e., gaps) as compared to the refer-
ence sequence (which does not comprise additions or dele-
tions) for optimal alignment of the two sequences. The
percentage is calculated by determining the number of
positions at which the identical nucleic acid base or amino
acid residue occurs in both sequences to yield the number of
matched positions, dividing the number of matched posi-
tions by the total number of positions in the window of
comparison and multiplying the result by 100 to yield the
percentage of sequence identity.

[0145] For purposes of the present invention, the term
“pharmaceutical composition” refers to a product compris-
ing one or more disclosed tau protein-binding DNA aptam-
ers, and an optional carrier comprising inert ingredients, as
well as any product that results, directly or indirectly, from
combination, complexation or aggregation of any two or
more of the ingredients, or from dissociation of one or more
of the ingredients, or from other types of reactions or
interactions of one or more of the ingredients. In general,
pharmaceutical compositions are prepared by uniformly and
intimately bringing the active ingredient into association
with a liquid carrier or a finely divided solid carrier or both,
and then, if necessary, shaping the product into the desired
formulation. A pharmaceutical composition includes enough
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of the active object compound to produce the desired effect
upon the progress or condition of diseases. Accordingly, a
pharmaceutical composition encompasses any composition
made by admixing a compound of the present invention and
a pharmaceutically acceptable carrier. By “pharmaceutically
acceptable” it is meant the carrier, diluent or excipient must
be compatible with the other ingredients of the formulation
and not deleterious to the recipient thereof, i.e., the subject.
[0146] For purposes of the present invention, the term
“pharmaceutical formulation” and the term “drug formula-
tion” refer to a mixtures or a structure in which different
chemical substances, including the active drug, are com-
bined to form a final medicinal product, such as a sterile
product, a capsule, a tablet, a powder, a granule, a solution,
an emulsion, a topical preparation, a non-conventional prod-
uct such as semi-solid or sustained-release preparations,
liquid, etc. Pharmaceutical formulation is prepared accord-
ing to a specific procedure, a “formula.” The drug formed
varies by the route of administration. For example, oral
drugs are normally taken as tablet or capsules.

[0147] For purposes of the present invention, the term
“pharmaceutically acceptable” refers to a compound or drug
approved or approvable by a regulatory agency of a federal
or a state government, listed or listable in the U.S. Pharma-
copeia or in other generally recognized pharmacopeia for
use in mammals, including humans. For example, a “phar-
maceutically acceptable diluent, excipient, carrier, or adju-
vant” is a diluent, excipient, carrier, or adjuvant which is
physiologically acceptable to the subject while retaining the
therapeutic properties of the pharmaceutical composition
with which it is administered. One exemplary pharmaceu-
tically acceptable carrier is physiological saline.

[0148] For purposes of the present invention, the term
“pharmaceutically acceptable salt” refers to those salts that
are, within the scope of sound medical judgment, suitable
for use in contact with the tissues of humans and lower
animals without undue toxicity, irritation, allergic response,
and the like, and are commensurate with a reasonable
benefit/risk ratio. Pharmaceutically acceptable salts are well-
known in the art. They may be prepared in situ when finally
isolating and purifying the compounds of the invention, or
separately by reacting them with pharmaceutically accept-
able non-toxic bases or acids, including inorganic ot organic
bases and inorganic or organic acids. Pharmaceutically
acceptable salts may be obtained using standard procedures
well known in the art, for example by mixing a compound
of the present invention with a suitable acid, for instance an
inorganic acid or an organic acid.

[0149] For purposes of the present invention, the term
“pharmaceutically acceptable carrier” refers to any carrier
that does not itself induce the production of antibodies
harmful to an individual or a subject receiving a composi-
tion. For example, pharmaceutically acceptable carriers may
be large, slowly metabolized macromolecules such as pro-
teins, polysaccharides, polylactic acids, polyglycolic acids,
polymeric amino acids, amino acid copolymers, lipid aggre-
gates (such as oil droplets or liposomes), and inactive virus
particles. Such carriers are well known to those of ordinary
skill in the art.

[0150] For purposes of the disclosed invention, the term
“polynucleotide” includes reference to a deoxyribopoly-
nucleotide, ribopolynucleotide, or analogs thereof that have
the essential nature of a natural ribonucleotide in that they
hybridize, under stringent hybridization conditions, to sub-
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stantially the same nucleotide sequence as naturally occur-
ring nucleotides and/or allow translation into the same
amino acid(s) as the naturally occurring nucleotide(s). A
polynucleotide can be full-length or a subsequence of a
native or heterologous structural or regulatory gene. Unless
otherwise indicated, the term includes reference to the
specified sequence as well as the complementary sequence
thereof. Thus, DNAs or RNAs with backbones modified for
stability or for other reasons are “polynucleotides” as that
term is intended herein. Moreover, DNAs or RNAs com-
prising unusual bases, such as inosine, or modified bases,
such as tritylated bases, to name just two examples, are
polynucleotides as the term is used herein. It will be appre-
ciated that a great variety of modifications have been made
to DNA and RNA that serve many useful purposes known to
those of skill in the art. The term polynucleotide as it is
employed herein embraces such chemically, enzymatically
or metabolically modified forms of polynucleotides, as well
as the chemical forms of DNA and RNA characteristic of
viruses and cells, including inter alia, simple and complex
cells.

[0151] For purposes of the disclosed invention, the term
“polypeptide” and the term “protein” are used interchange-
ably herein to refer to a polymer of amino acid residues. The
terms encompass amino acid polymers in which one or more
amino acid residues are artificial chemical mimetic of a
corresponding naturally occurring amino acids, as well as to
naturally occurring amino acid polymers and non-naturally
occurring amino acid polymer. Polypeptides can be modi-
fied, e.g., by the addition of carbohydrate residues to form
glycoproteins. The terms “polypeptide,” “peptide” and “pro-
tein” include glycoproteins, as well as non-glycoproteins.
[0152] For purposes of the disclosed invention, the term
“purified” refers to the component in a relatively pure state.
[0153] For purposes of the present invention, the term
“prevent” refers to stop from happening or to make some-
thing not happen.

[0154] For purposes of the disclosed invention, the term
“probe” refers to nucleic acid molecule that can bind to a
protein target.

[0155] For purposes of the disclosed invention, the term
“recombinant” refers to a genetic material formed by a
genetic recombination process. A “recombinant protein is
made through genetic engineering. A recombinant protein is
coded by a DNA sequence created artificially. A recombinant
protein is a protein that is coded by a recombinant nucleic
acid sequence. A recombinant nucleic acid sequence has a
sequence from two or more sources incorporated into a
single molecule.

[0156] For purposes of the disclosed invention, the term
“reference sequence” refers to a defined sequence used as a
basis for sequence comparison. A reference sequence may be
a subset or the entirety of a specified sequence; for example,
as a segment of a full-length cDNA or gene sequence, or the
complete cDNA or gene sequence.

[0157] For purposes of the disclosed invention, the term
“reporter” or the term “reporter molecule” refers to a mol-
ecule that is used for detecting a signal of analyzed mol-
ecules in an experiment, testing, or assay. A reporter mol-
ecule can be a molecular becon, fluorescent tag, a
radioisotope for SPECT or PET, etc.

[0158] For purposes of the disclosed invention, the term
“residue,” the term “amino acid residue,” or the term “amino
acid” are used interchangeably herein to refer to an amino
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acid that is incorporated into a protein, polypeptide, or
peptide (collectively “protein”). The amino acid may be a
naturally occurring amino acid and, unless otherwise lim-
ited, may encompass known analogs of natural amino acids
that can function in a similar manner as naturally occurring
amino acids.

[0159] For purposes of the disclosed invention, the term
“resolve,” the term “resolution,” or the term “resolution of
marker” refers to the detection of at least one marker in a
sample. Resolution includes the detection of a plurality of
markers in a sample by separation and subsequent differen-
tial detection. Resolution does not require the complete
separation of one or more markers from all other biomol-
ecules in a mixture. Rather, any separation that allows the
distinction between at least one marker and other biomol-
ecules suffices.

[0160] For purposes of the disclosed invention, the term
“room temperature” refers to a temperature of from about
20° C. to about 25° C.

[0161] For purposes of the disclosed invention, the term
“sample” is used herein in its broadest sense. A sample
comprising polynucleotides, polypeptides, peptides, anti-
bodies and the like and may comprise a bodily fluid; a
soluble fraction of a cell preparation, or media in which cells
were grown; a chromosome, an organelle, or membrane
isolated or extracted from a cell; genomic DNA, RNA, or
c¢DNA, polypeptides, or peptides in solution or bound to a
substrate; a cell; a tissue; a tissue print; a fingerprint, skin or
hair; and the like.

[0162] For purposes of the disclosed invention, the term
“sequence identity” or the term “identity” in the context of
two nucleic acid or polypeptide sequences includes refer-
ence to the residues in the two sequences, which are the
same when aligned for maximum correspondence over a
specified comparison window. When percentage of
sequence identity is used in reference to proteins it is
recognized that residue positions which are not identical
often differ by conservative amino acid substitutions, where
amino acid residues are substituted for other amino acid
residues with similar chemical properties (e.g., charge or
hydrophobicity) and therefore do not change the functional
properties of the molecule. Where sequences differ in con-
servative substitutions, the percent sequence identity may be
adjusted upwards to correct for the conservative nature of
the substitution. Sequences, which differ by such conserva-
tive substitutions, are said to have “sequence similarity” or
“similarity.” Means for making this adjustment are well
known to those of skill in the art. Typically this involves
scoring a conservative substitution as a partial rather than a
full mismatch, thereby increasing the percentage sequence
identity. Thus, for example, where an identical amino acid is
given a score of 1 and a non-conservative substitution is
given a score of zero, a conservative substitution is given a
score between zero and 1. The scoring of conservative
substitutions is calculated, e.g., according to the algorithm of
Meyers and Miller, (1988) Computer Applic. Biol. Sci.
4:11-17, eg., as implemented in the program PC/GENE
(Intelligenetics, Mountain View, Calif., USA).

[0163] For purposes of the disclosed invention, the phrase
“specifically (or selectively) binds” to an antibody or “spe-
cifically (or selectively) immunoreactive with,” when refer-
ring to a protein or peptide, refers to a binding reaction that
is determinative of the presence of the protein in a hetero-
geneous population of proteins and other biologics. Thus,
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under designated immunoassay conditions, the specified
antibodies bind to a particular protein at least two times the
background and do not substantially bind in a significant
amount to other proteins present in the sample. Specific
binding to an antibody under such conditions may require an
antibody that is selected for its specificity for a particular
protein. For example, polyclonal antibodies raised to marker
NF-200 from specific species such as rat, mouse, ot human
can be selected to obtain only those polyclonal antibodies
that are specifically immunoreactive with marker NF-200
and not with other proteins, except for polymorphic variants
and alleles of marker NF-200. This selection may be
achieved by subtracting out antibodies that cross-react with
marker NF-200 molecules from other species. A variety of
immunoassay formats may be used to select antibodies
specifically immunoreactive with a particular protein. For
example, solid-phase ELISA immunoassays are routinely
used to select antibodies specifically immunoreactive with a
protein (see, e.g., Harlow & Lane, Antibodies, A Laboratory
Manual (1988), for a description of immunoassay formats
and conditions that can be used to determine specific immu-
noreactivity). Typically a specific or selective reaction will
be at least twice background signal or noise and more
typically more than 10 to 100 times background.

[0164] For purposes of the disclosed invention, the term
“subject” and the term “patient” refers to an animal, which
is the object of treatment, observation or experiment. By
way of example only, a subject may be, but is not limited to,
a mammal including, but not limited to, a human.

[0165] For purposes of the disclosed invention, the term
“substantial identity” refers to that a peptide comprises a
sequence with between 55-100% sequence identity to a
reference sequence preferably at least 55% sequence iden-
tity, preferably 60% preferably 70%, more preferably 80%,
most preferably at least 90% or 95% sequence identity to the
reference sequence over a specified comparison window.
Preferably, optimal alignment is conducted using the homol-
ogy alignment algorithm of Needleman and Wunsch, supra.
An indication that two peptide sequences are substantially
identical is that one peptide is immunologically reactive
with antibodies raised against the second peptide. Thus, a
peptide is substantially identical to a second peptide, for
example, where the two peptides differ only by a conserva-
tive substitution. In addition, a peptide can be substantially
identical to a second peptide when they differ by a non-
conservative change if the epitope that the antibody recog-
nizes is substantially identical. Peptides which are “substan-
tially similar” share sequences as noted above, except that
residue positions which are not identical may differ by
conservative amino acid changes. One of skill will recognize
that these values can be appropriately adjusted to determine
corresponding identity of proteins encoded by two nucleo-
tide sequences by taking into account codon degeneracy,
amino acid similarity, reading frame positioning and the
like. Another indication that nucleotide sequences are sub-
stantially identical is if two molecules hybridize to each
other under stringent conditions. The degeneracy of the
genetic code allows for many amino acids substitutions that
lead to variety in the nucleotide sequence that code for the
same amino acid, hence it is possible that the DNA sequence
could code for the same polypeptide but not hybridize to
each other under stringent conditions. This may occur, e.g,,
when a copy of a nucleic acid is created using the maximum
codon degeneracy permitted by the genetic code. One indi-
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cation that two nucleic acid sequences are substantially
identical is that the polypeptide, which the first nucleic acid
encodes, is immunologically cross reactive with the poly-
peptide encoded by the second nucleic acid.

[0166] For purposes of the disclosed invention, the term
“substantially purified” refers to nucleic acid molecules or
proteins that are removed from their natural environment
and are isolated or separated, and are at least about 60% free,
preferably about 75% free, and most preferably about 90%
free, i.e. from about 60% to about 90%, from other compo-
nents with which they are naturally associated.

[0167] For purposes of the disclosed invention, the term
“substrate” or the term “probe substrate” refers to any rigid
or semi-rigid support to which nucleic acid molecules or
proteins are bound and includes membranes, filters, chips,
slides. wafers, fibers, magnetic or nonmagnetic beads, gels,
capillaries or other tubing, plates, polymers, and micropar-
ticles with a variety of surface forms including wells,
trenches, pins, channels and pores.

[0168] For purposes of the disclosed invention, the term
“substantially purified” refers to nucleic acid molecules or
proteins that are removed from their natural environment
and are isolated or separated, and are at least about 60% free,
preferably about 75% free, and most preferably about 90%
free, 1.e. from about 60% to about 90%, from other compo-
nents with which they are naturally associated.

[0169] For purposes of the disclosed invention, the term
“subunit” refers to a separate polypeptide chain that makes
a certain protein which is made up of two or more polypep-
tide chains joined together. In a protein molecule composed
of more than one subunit, each subunit can form a stable
folded structure by itself. The amino acid sequences of
subunits of a protein can be identical, similar, or completely
different.

[0170] For purposes of the present invention, the term
“target” refers to a biological molecule to which some other
entity, such as a molecule like an aptamer or a DNA
fragment, is directed and/or binds. For example, “target
protein” may a biological molecule, such as a protein or
protein complex, a receptor, or a portion of a biological
molecule, etc., capable of being bound and regulated by a
biologically active composition such as a pharmacologically
active drug compound derived from a protein binding DNA-
aptamet.

[0171] For purposes of the present invention, the term
“therapeutically effective amount™ refers to an amount of a
compound or composition that, when administered to a
subject for treating a disease or disorder, or at least one of
the clinical symptoms of a disease or disorder, is sufficient
to affect such disease, disorder, or symptom. A “therapeu-
tically effective amount” may vary depending, for example,
on the compound, the disease, disorder, and/or symptoms of
the disease or disorder, severity of the disease, disorder,
and/or symptoms of the disease or disorder, the age, weight,
and/or health of the subject to be treated, the capacity of the
individual’s immune system to synthesize antibodies, the
degree of protection desired, the formulation of the vaccine,
the treating doctor’s assessment of the medical situation, and
other relevant factors. An appropriate amount in any given
instance may be readily ascertained by those skilled in the
art or capable of determination by routine experimentation.
It is expected that the amount will fall in a relatively broad
range that can be determined through routine trials.
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[0172] For purposes of the disclosed invention, the term
“test amount” of a marker refers to an amount of a marker
present in a sample being tested. A test amount can be either
in absolute amount (e.g., pg/ml) or a relative amount (e.g,,
relative intensity of signals).

[0173] For purposes of the present invention, the term
“treating” and the term “treatment,” when being used in
relating to a disease, disorder, or condition, refers to an
approach for obtaining beneficial or desired results, such as
clinical results. Beneficial or desired results can include, but
are not limited to, alleviation or amelioration of one or more
symptoms or conditions; diminishment of extent of disease,
disorder, or condition; stabilization (i.e., not worsening) of
a state of disease, disorder, or condition; prevention of
spread of disease, disorder, or condition; delay or slowing
the progress of the disease, disorder, or condition; amelio-
ration or palliation of the disease, disorder, or condition; and
remission (whether partial or total), whether detectable or
undetectable. “Palliating” a disease, disorder, or condition
means that the extent and/or undesirable clinical manifes-
tations of the disease, disorder, or condition are lessened
and/or time course of the progression is slowed or length-
ened, as compared to the extent or time course in the absence
of treatment.

[0174] Abbreviations for purposes of the present invention
are listed below:

AD Alzheimer’s disease

ASW Artificial sea water

BSA Bovine serum albumin

cdk5 Cyclin-dependent kinase-5

CEA Carcinoembryonic antigen

CNS Central nervous system

CPP Cell penetrating peptide

CTE Chronic traumatic encephalopathy

DBCO Dibenzyleyclooctyne

[0175] DMEM Dulbecco’s modified Eagle’s medium
DNA Deoxyribonucleic acid

DTT Dithiothreitol

[0176] dNTP Deoxynucleotide triphosphate
EGFR Epidermal growth factor receptor

ELISA Enzyme-linked immunosorbent assay

ER Estrogen receptor

FAM 6-carboxyfluorescein

FITC Fluorescein-5,6-isothiocyanate

GSK-3 Glycogen synthase kinase-3

HER2 Human epidermal growth factor receptor 2
HIV Human immunodeficiency virus

IGF Insulin-like growth factors

IgG Immunoglobulin G

[0177] IGHM immunoglobin heavy mu chain
Kd Dissociation constant

kDa Kilodalton

[0178] MAPK Mitogen-activated protein kinase
NFTs Neurofibrillary tangles

NTA Nitrilotriacetic acid

PAGE Polyacrylamide gel electrophoresis

PBS Dulbecco’s phosphate buffered saline

PCR Polymerase chain reaction

PDGF Platelet-derived growth factor
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PHFs Paired helical filaments

PR Progesterone receptor

PRD Proline-rich domain

PSA Prostate specific antigen

PTK?7 Protein tyrosine kinase 7

PVDF Polyvinylidene difluoride

RNA Ribonucleic acid

S100B S100 calcium-binding protein B

SDS Sodium dodecyl sulfate

SELEX Systematic evolution of ligands by exponential
enrichment

ssDNA Single stranded deoxyribonucleic acid

TAT trans-activator of transcription

TAT CPP derived from the trans-activator of transcription of
HIV

TBE Tris/Borate/EDTA

[0179] TBI Traumatic brain injury

TBST Tris-buffered saline with Tween 20
TEAA Triethylammonium acetate

HBYV hepatitis B virus

HCC Hepatocellular carcinoma

HCV hepatitis C virus

HPLC High performance liquid chromatography
VEGF Vascular enhanced growth factors

DESCRIPTION

[0180] While the disclosed invention is susceptible to
various modifications and alternative forms, specific
embodiment thereof has been shown by way of example in
the drawings and will be described in detail below. It should
be understood, however that it is not intended to limit the
disclosed invention to the particular forms disclosed, but on
the contrary, the disclosed invention is to cover all modifi-
cations, equivalents, and alternatives falling within the spirit
and the scope of the invention.

[0181] Through two different approaches, the cell-based
SELEX and peptide SELEX, the disclosed invention iden-
tifies DNA aptamers targeting hepatocarcinoma associated
membrane proteins and neurodegenerative diseases related
tau protein, respectively. The disclosed DNA aptamers are
capable of recognizing disease-associated targets. Selected
aptamers are also used to develop molecular probes.

Nucleic Acid Aptamers

[0182] Nucleic acid aptamers are short, single-stranded
DNA or RNA oligonucleotides capable of specific binding to
defined targets. The term “aptamer” derived from the Latin
“aptus”, meaning to fit, was firstly introduced back in 1990
when Ellington and Szostak reported the in vitro selection of
dye-binding RNA aptamers,’ while the amplification-evo-
lution process used to select these binding molecules was
termed “systematic evolution of ligands by exponential
enrichment” (SELEX) by Turek and Gold when they iden-
tified two RNA sequences that bind to T4 DNA polymerase
from over 60 thousands species using this procedure.” Since
then, a growing number of RNA and DNA aptamers have
been selected against a variety of targets, including metal
ions,>” fluorescent dyes,® amino acids,”® nucleotides,'
antibiotics,'''* metabolites,'> ' peptides,'” *® proteins,'*-
22 viruses,” 2* organelles,”” or even whole cells.*® %7,
Furthermore, aptamers have shown remarkable specificity in
discriminating targets from their similar analogs, such as
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differentiating among homologous proteins that differed
only by a few amino acids®® or one single amino acid,* or
even between enantiomers.’® *' On the other hand, as
oligonucleotides, aptamers are readily reproducible by
chemical synthesis. Tt is also readily easy to chemically
introduce functional modules, such as fluorophores,>>*
chemical linkers,**> *¢ therapeutics,>’* or even nanopar-
ticles,*® onto aptamers to fulfill specific needs.* **

[0183] The specificity and high affinity of aptamers’ bind-
ing ability toward corresponding targets have made them a
new generation of molecular probes. Especially, aptamers
have shown outstanding capacity in differentiating specific
disease-related proteins, either on the cell membranes or in
the body fluids.

[0184] Tau aptamers identified here are evolved against
peptide fragments from tau bearing predisposition to phos-
phorylation. Tau proteins are known to promote the assem-
bly of microtubules and to maintain microtubular integrity in
neurons. It is found that hyperphosphorylation of tau would
cause them to form aggregations and filaments. which result
in death of neurons. Such phenomenon is termed tauopathy
and is found to be pathologically involved in several neu-
rodegenerative disorders, such as Alzheimer’s disease and
chronic traumatic encephalopathy. The tau aptamers not
only recognize tau at the designated sites, but also demon-
strate inhibitory effects on phosphorylation and oligomer
formation. These findings validate the feasibility of applying
tau aptamers to (1) detect the levels of tau in cerebrospinal
fluid, (2) study the mechanism of tauopathy, and (3) arrest
the progression of tauopathy associated disorders.

SELEX

[0185] The advent and success of SELEX technology in
1990s may be attributed to the feasibility to chemically
synthesize pools of random oligonucleotides, the availability
of the polymerases for nucleic acid amplification, as well as
the improvement in sequencing techniques. The molecular
recognition between aptamers and their corresponding tar-
gets relies on the three-dimensional conformations of the
aptamers, hence the specific nucleic acid sequences. By
substituting just a few nucleotides, the conformation of an
oligonucleotide may change. Consequently, the structural
diversity of a DNA or RNA pool containing combinatorial
sequences may be infinitely expanded, thereby creating
panels of aptamers for a wide variety of binding targets.
Though there are some differences between the procedures
for selecting DNA and RNA aptamers, for example, RNA
SELEX generally involves additional transcription and
reverse transcription while the survivors in DNA SELEX
may be directly amplified via PCR followed by strand
separation, the evolution process for selecting either DNA or
RNA aptamers typically covers the following steps: 1)
chemical synthesis of a combinatorial oligonucleotide
library having 10'3-10'° single stranded nucleic acid mol-
ecules, 2) exposure of the library to the targets to differen-
tiate binding strands from spectators, 3) extraction and
amplification of eluted survivors, 4) enrichment of the
stronger survivors by iterative binding to targets and by
involving counter selection if necessary, and, finally, 5)
sequencing to identify individual candidates.

Aptamer-Protein Interactions

[0186] Many proteins in nature, such as transcription
factors and nuclear proteins, are already known to interact
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with DNA or RNA to perform multiple functions and
regulate many cellular processes, including transcription,
translation, gene silencing, microRNA biogenesis and telo-
mere maintenance. Even though these interactions are not
necessarily strong, they are definitely specific and func-
tional.*® Unlike these DNA- and RNA-binding proteins, the
target proteins used or identified in the process of aptamer
evolution are proteins that do not normally interact with
nucleic acids but show high affinity to the specific DNA or
RNA selected. In these cases, the affinity may be attributed
to the topography on the protein surfaces along with the
presence of H-bond donors and acceptors as well as the
flexible phosphodiester backbone of the nucleic acid folding
into precise three-dimensional scaffolds, thus creating
hydrophobic and electrostatic interactions, hydrogen bond-
ing, van der Waals forces, and shape complementarity
between aptamers and target proteins to assist the recogni-
tion.** The first example of such a protein is thrombin
binding to single-stranded DNA aptamers with a highly
conserved region.' Binding thrombin with aptamers may
also inhibit thrombin activity and decrease the rate of blood
clotting.*> The three-dimensional structure of the aptamer
and the thrombin-aptamer complex have been evaluated by
NMR™*® and X-ray crystallography®’. respectively. Evi-
dently, aptamers targeting proteins are not only expected to
recognize the targets but may also inhibit their down-stream
functions.

Tau Proteins and Neuron Neurodegenerative Diseases

[0187] Tau proteins are neuronal microtubule-associated
proteins known to promote the assembly of microtubules
and to maintain microtubular integrity, which is physiologi-
cally essential for axonal transport and morphogenesis.®®
These proteins are mainly expressed in neurons of the
central nervous system (CNS), but are also found in astro-
cytes and oligodendrocytes at a much lower level.%® Tau is
found to be pathologically involved in several related dis-
orders, termed tauopathies, in which aggregations of tau
proteins are deposited in brain neurons.®®> 7 Such phenom-
enon is observed in a range of neurodegenerative diseases,
7174 from fronto-temporal dementia (FTD), Parkinson’s
discase, Alzheimer’s disease, to the less common progres-
sive supranuclear palsy (PSP), as well as a progressive
degenerative disease of the brain often found in athletes,
military veterans, and others with a history of repetitive mild
traumatic brain injury, called chronic traumatic encepha-
lopathy (CTE).”

[0188] Tau was first isolated and identified in 1975 as a
heat stable protein essential for microtubule assembly by Dr.
Kirschner’s group.®® 7 In the late 1980s, it was discovered
that tau proteins found in adult human CNS is a mixture of
six isoforms, ranging from 352 to 441 amino acids in
length.””” FIG. 1 is a reprinted with permission from
Nature Publishing Group. It shows the human MAPT gene
and the splice isoforms of tau in the human brain. MAPT, the
gene encoding human tau, contains 16 exons. Exon 1 (E1),
E4, E5, E7, B9, E11, E12 and E13 are constitutive, whereas
the others are subject to alternative splicing. The six human
brain tau isoforms are generated through alternative splicing
of E2, E3 and E10.** The tau variants are expressed from
alternative splicing in exons 2 (E2), 3 (E3), and 10 (E10) of
a single MAPT (microtubule-associated protein tau) gene
(as shown in FIG. 1 and FIG. 2).5** Among the six
isoforms, three of them have three binding domains (3R
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isoforms), while the other three with exon 10 inserts have
four binding domains (4R isoforms). These conserved
microtubule-binding domains are located in the C-terminal
half of tau, and 3R isoforms bind less tightly to microtubules
than 4R isoforms. Even though the molecular mechanism or
the relative abundance of each tau isoform is yet ambiguous,
the inability of commercially available ELISA kits to dis-
criminate between the 6 isoforms demonstrate common
epitope sites for each corresponding antibody across all 6
variants.*

Alzheimer’s Disease

[0189] Alzheimer’s disease, or Alzheimer disease (AD), is
a neurological disorder that shows symptoms of memory
loss and cognitive decline resulted from progressive degen-
eration or even loss of neurons in the brain. It is known as
the most common form of dementia as well as the most
prevalent case of tauopathies. Although the exact causes of
Alzheimer’s disease are not yet completely understood. Two
major inclusions often sighted in its progression or post-
mortem are the extracellular plaques and the intracellular
tangles.*® *” Plaques, or beta-amyloid plaques, are clumps
of beta-amyloid monomers that get between the dying
neurons and interfere with neuron-to-neuron signaling. Con-
sequently, the brain functions, such as memory, could be
seriously impaired because the neurons in brain cannot
signal and relay information properly. Besides, amyloid
plaques have also been found around blood vessels in the
brain, causing amyloid angiopathy, which weakens the walls
of blood vessels and increases the risk of hemorrhage.®**°
The tangles, or neurofibrillary tangles (NFTs), on the other
hand, are found within the brain neurons as abnormal
clusters of tau proteins. Healthy neurons are held together by
their cytoskeleton, which is partly built up with microtu-
bules. Normal tau proteins bind with microtubules and
prevent these track-like structures from breaking apart,
allowing nutrients and molecules to be transported along the
cells. Alzheimer tau, on the contrary, loses its affinity for
microtubules due to an abnormally high degree of phospho-
rylation.’” The pathological tau proteins self-assemble into
the paired helical filaments (PHFs), which later aggregate
into the insoluble neurofibrillary tangles.”*-** The transport
system for neurons is disrupted along the process, causing
nutrients and other essential supplies to no longer move
along the cells. Neurons with tangles and non-functioning
microtubules thereby undergo apoptosis and eventually cell
death.

Chronic Traumatic Encephalopathy

[0190] Chronic traumatic encephalopathy (CTE) is a pro-
gressive degenerative disease associated with repetitive
traumatic brain injury (TBI). It has been most commonly
found in professional athletes participating in contact sports
and military personnel who have been exposed to a blast.
There is often a long period of latency, ranging from several
years to several decades, between the incident of TBI and the
occurrence of the clinical symptoms of CTE. The initial
symptoms of CTE include irritability, impulsivity, aggres-
sion, depression, short-term memory loss and heightened
suicidality, but it may progress into cognitive deficits and
dementia. The pathology of CTE is characterized by tauopa-
thy, which shows the accumulation of phosphorylated tau
protein in neurons and astrocytes.”
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Hyperphosphorylation of Tau

[0191] The distinctive intracellular inclusions like neuro-
fibrillary tangles observed in brains affected by Alzheimer’s
disease or chronic traumatic encephalopathy, or various
forms of insoluble abnormal tau aggregates in other tauopa-
thies, share a common composition of pathological tau,
which is in an elevated state of phosphorylation, called
hyperphosphorylation. Tau may be phosphorylated at many
sites and by several kinases. A list of tau phosphorylation
sites identified is shown in FIG. 2, which is a reprinted with
permission from Elsevier®* As shown in FIG. 2, positioning
of phosphorylation sites on tau from Alzheimer brain.
Approximately 45 sites have been identified, and they seem
to cluster in the PRD and in the C-terminal region, with few
sites evident within the microtubule-binding domain of tau.
Six of the phosphorylation sites have been identified only by
phospho-specific antibody labelling (indicated in orange);
the remaining phosphorylation sites have been identified by
direct means (mass spectrometry and/or Edman degrada-
tion).”> Many of the reported phosphorylations occur at
Ser-Pro and Thr-Pro motifs, corresponding to phosphory-
lated sites sensitized by proline-directed kinases (MAPK,
GSK-3, cdk5),°” ?° but the hyperphosphorylation of tau is
not confined within the proline-rich region. Apparently,
increased phosphorylation in the microtubule-binding
domain (residues 244-368) of tau would reduce the amount
of tau binding to microtubules. One site that has been
reported to have a great impact on the binding of tau to
microtubules after its phosphorylation is Ser262.°” How-
ever, it is also found that phosphorylation of tau at sites
distinct from the microtubule-binding domain, such as at
Thr231, could still have a pronounced influence on the
binding affinity of tau to microtubules.”® That being said,
several other phosphorylation sites have only moderate
effect on microtubule binding.

DNA Aptamers that are Capable of Recognizing Disease-
Associated Targets

[0192] According to embodiments of the disclosed inven-
tion, by using specific peptide fragments from tau protein
and pathologic phosphorylated tau proteins as targets to
carry out the selection for site-specific tau protein-binding
DNA aptamers (in short, “aptamers,” “tau aptamers,” or
“DNA aptamers”) that recognize tau at designated phospho-
rylatable sites are identified and selected. Molecular probes
are further developed using the site-specific tau aptamers.
Therefore, embodiments of the disclosed invention provide
DNA aptamers that not only recognize tau at designated
phosphorylatable sites, but also demonstrate the inhibitory
effects on phosphorylation and oligomer formation of tau.
These tau protein-binding DNA aptamers are feasible to
apply to (1) detect the levels of tau and phosphotau in
cerebrospinal fluid as capture or detection agent, (2) study
the mechanism of tauopathy, and (3) arrest the progression
of tauopathy associated neurodegenerative disorders.
[0193] In one embodiment of the disclosed invention,
DNA aptamers that are capable of recognizing disease-
associated targets are identified through two different
approaches, the cell-based systematic evolution of ligands
by exponential enrichment (SELEX) and peptide SELEX.
Table 1 is a list of exemplary DNA aptamers disclosed in one
embodiment of the present invention. These tau protein-
binding DNA aptamers not only recognize tau at designated
phosphorylatable sites, but also demonstrate inhibitory
effects on phosphorylation and oligomer formation of tau.
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TABLE 1
Full nucleotide sequence (5' --» 3') of Tau-
binding DNA aptamers and truncated Tau-binding
DNA aptamers, according to an embodiment of
the disclosed invention.
Aptamer full nucleotide sequence
Name (5' --» 3') of Tau-binding aptamers
IT1 CAGCACCGTCAACTGAATTGCTTGGTCCTCCCGGGGT
TCTGGAAAAGCGTGATGCGATGGAGATGT
(SEQ ID NO: 1)
IT2 CAGCACCGTCAACTGAATAAGGACTGCTTAGGATTGC
GATGATTCAGGGTGATGCGATGGAGATGT
(SEQ ID NO: 2)
IT3 CAGCACCGTCAACTGAATGGGGAGAGTGGTGGGGCGG
GGGCCGGATCCGTGATGCGATGGAGATGT
(SEQ ID NO: 3)
IT4 CAGCACCGTCAACTGAATGGGT TGGCCGGGCAGCGGG
GGGTAGGCT TGGTGATGCGATGGAGATGT
(SEQ ID NO: 4)
IT5 CAGCACCGTCAACTGAATGGCGGGGGGTCAGGTCGGG
GTAAGGTGAGCGTGATGCGATGGAGATGT
(SEQ ID NO: 5)
ITe CAGCACCGTCAACTGAATGTTGTCGTCAGAGGTTATA
ACCTGAACTCGGTGATGCGATGGAGATGT
(SEQ ID NO: 6)
IT9o CAGCACCGTCAACTGAATTGCGGGGGGTCAGGTCGGG
GTAAGGTGAGCGTGATGCGATGGAGATGT
(SEQ ID NO: 7)
T231- CCGTCAACTGAATTGCTTGGTCCTCCCGGGGTTCTGG
IT1a ARAAGCGTGATGCGATGG
(SEQ ID NO: 8)
T231- CCGTCAACTGAATTGCTTGGTCCTCCCGGGGTTCTGG
IT1lb ARRAGC
(SEQ ID NO: 9)
T231- GCTTGGTCCTCCCGGGGTTCTGGAAAAGC
IT1c (SEQ ID NO: 10)
T231- TTGGTCCTCCCGGGGTTCTGGAARAA
ITid (SEQ ID NO: 11)
T231- CTGAATAAGGACTGCTTAGGATTGCGATGATTCAG
IT2a (SEQ ID NO: 12)
T231- AARGGACTGCTTAGGATTGC
IT2b (SEQ ID NO: 13)
T231- TGAATAAGGACTGCTTAGGATTGCGATGATTCA
IT2c (SEQ ID NO: 14)
T231- GAATAAGGACTGCTTAGGATTGCGATGATTC
IT2d (SEQ ID NO: 15)
T231- AATAAGGACTGCT TAGGATTGCGATGATT
IT2e (SEQ ID NO: 16)
T231- CAGCACCGTCAACTGAATGGGGAGAGTGGTGGGGCGG
IT3a (SEQ ID NO: 17)
T231- CAGCACCGTCAACTGAATGGGGAGAGTGGTGGGGCGG
IT3b GGGCCGGATCCGTGATGCG
(SEQ ID NO: 18)
T231- CAGCACCGTCAACTGAATGGGGAGAGTGGTGGGGCGG
IT3c GGGCCGGATCCGTGATGCGATGGA

(SEQ ID NO: 19)
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TABLE 1-continued

Full nucleotide sequence (5' --» 3') of Tau-
binding DNA aptamers and truncated Tau-binding
DNA aptamers, according to an embodiment of
the disclosed invention.

Aptamer full nucleotide sequence
Name (5' --» 3') of Tau-binding aptamers
T231- CRCCGTCAACTGAATGGGT TGGCCGGGCAGCGGEGGE
IT4a TAGGCTTGGTG

(SEQ ID NO: 20)
T231- CRCCGTCAACTGAATGGGT TGGCCGGGCAGCGGEGGE
IT4b TAGGCTTGGTGATGCGATG

(SEQ ID NO: 21)
T231- CRGCACCGTCAACTGAATGGGTTGGCCGGGCAGCGGG
IT4c GGGTAGGCTTGGTGATGCGATG

(SEQ ID NO: 22)
T231- CCGTCAACTGAATGGCGGGGGGTCAGGTCGE
IT5a (SEQ ID NO: 23)
T231- CRCCGTCAACTGAATGGCGGGGEGTCAGGT CGGGGTA
ITSb AGGTG

(SEQ ID NO: 24)
T231- CRCCGTCAACTGAATGGCGGGGEGTCAGGT CGGGGTA
IT5c AGGTGAGCGTGATGCG

(SEQ ID NO: 25)
T231- CRCCGTCAACTGAATGTTGTCGTCAGAGGT TATAACC
ITéa TGAACTCGGTG

(SEQ ID NO: 26)
T231- CGTCAACTGAATGTTGTCGTCAGAGGTTATAACCTGA
ITéb AC

(SEQ ID NO: 27)
[0194] In particular, using phosphorylated and non-pho-

shorylated tau epitope sequences around site of human tau
Ser-202, Thr205, Thr-231, Thr-181, Ser-398-Ser-404, seven
tau aptamers that are high affinity tau epitope-binders,
termed IT1 (SEQ ID NO: 1), IT2 (SEQ ID NO: 2), IT3 (SEQ
ID NO: 3), IT4 (SEQ ID NO: 4), ITS (SEQ ID NO: 5), IT6
(SEQ ID NO: 6), and IT9 (SEQ ID NO: 7), respectively,
have been identified (See Table 1). Each of 1T1 (SEQ ID
NO: 1), IT2 (SEQ ID NO: 2), IT3 (SEQ ID NO: 3), IT4
(SEQ ID NO: 4), IT5 (SEQ ID NO: 5), IT6 (SEQ ID NO:
6), and 1T9 (SEQ ID NO: 7) is 66 nucleotide long. In an
embodiment, four phosphorylatable regions from tau protein
and the corresponded phosphorylated peptide fragments
from pathologic tau are used as targets to carry out the
selection for site-specific tau aptamers. DNA aptamer T3
(SEQ ID NO: 3) ovetlooks phosphorylation on T231 and
recognizes both T231 and T231P. DNA aptamer IT2 (SEQ
ID NO: 2) may bind to T231, T231P. and S202, but not
S202P. The other aptamers discovered are highly specific to
T231 site only.

[0195] Accordingly, embodiments provide a DNA
aptamer comprising a nucleic acid sequence that is capable
of specifically binding to a tau protein at a phosphorylatable
site of the tau protein. The nucleic acid sequence comprises
66 nucleotides and is selected from the group consisting of
SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO:
5, SEQ ID NO: 6, and SEQ ID NO: 7.

[0196] In addition, it is found that 5'-end and 3'-end
truncated nucleic acid fragments of a 66 nucleotide long tau
aptamer of IT1 (SEQ ID NO: 1), IT2 (SEQ ID NO: 2), IT3
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(SEQ ID NO: 3), IT4 (SEQ ID NO: 4), IT5 (SEQ ID NO:
5),1T6 (SEQ ID NO: 6), and IT9 (SEQ ID NO: 7) also yield
smaller aptamers that show high affinity to tau protein. All
of the tau aptamers disclosed here showed high affinity to tau
protein.

[0197] For example, each of T231-1T1a (SEQ ID NO: 8),
T231-IT1b (SEQ ID NO: 9), T231-IT1C (SEQ ID NO: 10),
and T231-IT1d (SEQ ID NO: 11), as listed in Table 1, is a
smaller aptamer that is a truncated fragment of the nucleic
acid sequence of IT1 (SEQ ID NO: 1). Each of T231-IT2a
(SEQIDNO: 12), T231-1T2b (SEQ ID NO: 13), T231-IT2C
(SEQ ID NO: 14), T231-IT2d (SEQ ID NO: 15), and
T231-IT2e (SEQ ID NO: 16), as listed in Table 1, is a
smaller aptamer that is a truncated fragment of the nucleic
acid sequence of IT2 (SEQ ID NO: 2). Each of T231-IT3a
(SEQ ID NO: 17), T231-IT3b (SEQ ID NO: 18), and
T231-IT3C (SEQ ID NO: 19), as listed in Table 1, is a
smaller aptamer that has a truncated nucleic acid sequence
based on the nucleic acid sequence of IT3 (SEQ ID NO: 3).
Bach of T231-IT4a (SEQ ID NO: 20), T231-IT4b (SEQ ID
NO: 21), and T231-IT4C (SEQ 1D NO: 22), as listed in
Table 1, is a smaller aptamer that has a truncated nucleic acid
sequence based on the nucleic acid sequence of IT4 (SEQ ID
NO: 4). Each of T231-IT5a (SEQ ID NO: 23), T231-1T5b
(SEQ ID NO: 24), and T231-IT5C (SEQ ID NO: 25), as
listed in Table 1, is a smaller aptamer that has a truncated
nucleic acid sequence based on the nucleic acid sequence of
ITS (SEQ ID NO: 5). Each of T231-IT6a (SEQ ID NO: 26)
and T231-IT6b (SEQ ID NO: 27), as listed in Table 1, is a
smaller aptamer that has a truncated nucleic acid sequence
based on the nucleic acid sequence of IT6 (SEQ ID NO: 6).
These 5'-end and 3'-end truncated nucleic acid sequences are
25 to 61 nucleotides long) (See Table 1).

[0198] All these tau protein-binding DNA aptamers dis-
closed herein, as shown in Table 1, are unique nucleotide A,
T, G, C-based sequences. Each of these smaller is capable of
specifically binding to a tau protein at a phosphorylatable
site of the tau protein.

Utilities of Disclosed Tau Protein-Binding DNA Aptamers

[0199] The discloses tau aptamers may be used to (1)
detect the levels of tau in cerebrospinal fluid, blood or other
biofluids, (2) to study the mechanism of tauopathy, and (3)
arrest the progression of tauopathy associated disorders by
binding and sequestering tau and/or P-tau from the brain by
administrating tau aptamers into the human body.

[0200] Molecular probes based on these disclosed DNA
aptamers may be used as capture or detection agents to
detect the levels of tau and phosphor-tau in cerebrospinal
fluid as well as for cell-based or in vivo brain imaging in live
animals or human. Compositions comprising these disclosed
DNA aptamers may further be used to arrest or treat the
progression of tauopathy associated neurodegenerative dis-
orders.

Detection of Tau in Cerebrospinal Fluid (CSF), Blood and
Other Biofluids

[0201] FIGS. 27A and 27B illustrate aptamer-based
molecular beacons labeled with quencher Q and fluorophore
F for detection of tau protein, according to an embodiment
of the disclosed invention. FIG. 27 A shows that fluorescence
is recovered due to the conformational change of aptamer
upon binding to the target tau protein. F for detection of tau
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protein, according to an embodiment of the disclosed inven-
tion. FIG. 27B shows a fluorophore-labeled DNA strand
(blue) complimentary to one end of the DNA aptamer (red)
is released upon aptamer-target complex formation. The
fluorescence intensity is hence restored. Accordingly, in one
embodiment, a DNA aptamer conjugate comprising a DNA
aptamer that is conjugated with quencher Q and fluorophore
F is provided. The quencher Q and fluorophore are signal
moieties bound on the DNA aptamer.

[0202] With tau aptamers, the presence of tau or even the
level of tau may be directly detected through a fluorescence
recovery mechanism. It has been demonstrated that aptam-
ers may undergo conformational changes upon target bind-
ing.'** +%° Labeling a fluorophore at one end of a hairpin-
structure tau aptamer IT1lc or IT2a and a nonfluorescent
quencher at the opposite end would create a molecular
beacon that is responsive to the presence of'its binding target
tau protein as shown in FIG. 27A. The binding of tau to the
aptamer could cause the separation between the fluorophore
and quencher due to the conformational change of the
molecular beacon and hence result in the enhancement in
fluorescence intensity with little background.

[0203] However, this approach relies on the nature of the
specific aptamer. It may not be applicable if the specific
aptamer used does not undergo major conformational
changes upon target binding. In this case, another strategy as
shown in FIG. 27A will be applied. The quencher is labeled
on a DNA strand that is complementary to one end of the
hairpin stem and part of the hairpin loop. The short comple-
mentary DNA will be released from the aptamer upon
binding to the target and therefore restore the fluorescence
intensity.

[0204] Beside the rapid fluorescence recovery assay that
readily detects the presence of tau in a semi-quantitative
manner, tau aptamers may also be used to perform a more
quantitative sandwich assay to determine the concentration
of tau in CSF with a larger linear dynamic range. FIG. 28
illustrates sandwich assay for detection of tau protein,
according to an embodiment of the disclosed invention. One
aptamer is used as a capture probe while the other aptamer
carries biotin for interacting with streptavidin and HRP for
signaling. As depicted in FIG. 28, two tau aptamers targeting
different binding regions on tau are used for the sandwich
assay. One of the aptamers (capture probe) is coated on the
surface of a microplate to capture tau protein in CSF, and
then another tau aptamer modified with biotin will be added
followed by washing and incubation with streptavidin con-
jugated with horseradish peroxidase enzyme (HRP). After
washing away the unwanted residues, the assay will be
developed with a HRP substrate to form colorimetric prod-
ucts for analysis. This assay not only increases the diagnos-
tic accuracy by incorporating two aptamers but also
improves the detection limit by the enzyme-substrate reac-
tion.

[0205] Different from technologies that detect total tau and
phosphorylated tau by mass spectrometry, positron emission
tomography (PET) imaging, and western blotting in com-
bination with immunoprecipitation or high performance
liquid chromatography (HPLC), the disclosed invention
provides an approach to directly detect the levels of total tau
and phosphorylated tau. Unlike antibodies, tau aptamer may
be produced in high quantity and high fidelity. Tau aptamers
are also smaller than antibodies. Aptamers may be readily be
chemically modified to improve binding property, cell-
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permeability, plasma half-life and immunogenicity and for
detection (biotin, HRP, avidin or fluorophore conjugation)—
thus it is superior to antibodies.

[0206] In particular, the disclosed invention provides a
composition comprising a DNA aptamer that is capable of
binding to a tau protein at a phosphorylatable site of the tau
protein. In one embodiment, a composition comprising a
DNA aptamer that is capable of specifically binding to a tau
protein at a phosphorylatable site of the tau protein. The
nucleic acid sequence of the DNA aptamer is selected from
the group consisting of SEQ ID NO: 1, SEQ ID NO: 2, SEQ
ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6,
SEQ ID NO: 7, SEQ ID NO: 8, SEQ IDNO: 9, SEQ ID NO:
10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ
ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO:
17, SEQ ID NO: 18, SEQ ID NO: 19, SEQ ID NO: 20, SEQ
ID NO: 21, SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO:
24, SEQ ID NO: 25, SEQ ID NO: 26, and SEQ ID NO: 27.
This DNA aptamer may be used as a molecular probe for
binding and detecting phosphorylatable sites on a tau pro-
tein. In some alternative embodiment, the phosphorylatable
sites on a tau protein may be Thr-231 and/or Ser-202. In
some alternative embodiment, the phosphorylatable sites on
a tau protein may be Thr-231, Ser-202, Thr-231, and/or
Ser-398-Serd04.

[0207] Embodiments further provide a kit for testing the
presence or progression of various tauopathy diseases. In
one embodiment, the kit comprises a DNA aptamer dis-
closed herein and a tau-binding antibody. The tau-binding
antibody may be a mouse monoclonal or rabbit of goat
polyclonal antibody. In one embodiment, the kit comprises
two or more DNA aptamer disclosed herein and a tau-
binding antibody, such as a mouse monoclonal or rabbit of
goat polyclonal antibody. In an alternative embodiment, the
nucleic acid sequence of the DNA aptamer is selected from
the group consisting of SEQ ID NO: 1, SEQ ID NO: 2, SEQ
ID NO: 3, SEQ ID NO: 4, SEQ ID NO: §, SEQ ID NO: 6,
SEQ ID NO: 7, SEQ ID NO: 8, SEQ IDNO: 9, SEQ ID NO:
10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ
ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO:
17, SEQ ID NO: 18, SEQ ID NO: 19, SEQ ID NO: 20, SEQ
ID NO: 21, SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO:
24, SEQ ID NO: 25, SEQ ID NO: 26, and SEQ ID NO: 27.
In an alternative embodiment, the kit comprises two or more
DNA aptamers.

[0208] Embodiments further provide a method for testing
the presence or the progression of a various tauopathy
disease by using the kit disclosed herein.

[0209] Embodiments disclosed further herein provide a
method of using Tau-binding aptamer disclosed herein as a
capture and/or detection tool for detecting phosphorylated
Tau, non-phosphorylated Tau, or total Tau in a biosample,
such as blood, CSF and other biofluid or brain tissue lysate.
A tau aptamer may be used as a single capture-detection tool
or in combination as a sandwich, which is “capture tool-Tau
target-detection tool,” by combining with another aptamer
or with a tau-binding antibody. The tau-binding antibody
may be a mouse monoclonal or rabbit of goat polyclonal
antibody. The assays may be used as a tau/P-tau based
biomarker diagnostic test for the presence or progression of
various tauopathy diseases. In one embodiment, the method
includes measuring the binding of a DNA aptamer to a
phosphorylated tau protein, a non-phosphorylated tau, or a
total tau protein in a biosample obtained from a subject,
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thereby determining the level of tau and phosphor-tau in the
biosample from the subject. The level of tau and phosphot-
tau tested in the biosample from a subject may be compared
with a level of tau and phosphor-tau of a healthy subject who
does not have a tauopathy disease, thereby determining if a
tauopathy disease is present or not. The method further
comprising measuring the binding of a DNA aptamer using
the kit disclosed herein. The subject may be an animal or
human. In an alternative embodiment, the subject has
Alzheimer’s disease and/or chronic traumatic encephalopa-
thy, wherein a healthy subject does not have Alzheimer’s
disease and/or chronic traumatic encephalopathy. In some
alternative embodiments, the phosphorylatable sites tested
on a tau protein may be Thr-231 and/or Ser-202. In some
alternative embodiment, the phosphorylatable sites tested on
a tau protein may be Thr-231. Ser-202, Thr-231, and/or
Ser-398-Ser404. In an alternative embodiment, the sample is
a biosample, such as blood, CSF and other biofluid or brain
tissue lysate, obtained from the subject.

Imaging of Tau in Living Cells Using Tau-Binding DNA
Aptamers

[0210] Aptamer-based molecular beacons are not just
probes for target analysis. They may also be used as imaging
agents in living cells. However, since tau is located in
cytoplasm rather than on cell surface, the delivery of tau
molecular beacons into cells is an essential challenge for
imaging of tau. As chemically synthesized oligonucleotide-
based probes, aptamers may be readily modified with a
variety of functional groups and signaling moieties.

[0211] Embodiments provide a DNA aptamer conjugate
comprising a disclosed tau-binding DNA aptamer conju-
gated to a reporter moiety. The reporter moiety may be a
molecular becon, fluorescent tag, a radioisotope for positron
emission tomography (PET), single-photon emission com-
puted tomography (SPECT), contrast-agent-based MRI, etc.
The conjugated DNA aptamer may be used for detection of
tau protein.

[0212] FIG. 29 illustrates DBCO modified DNA aptamer
may be linked with azido-TAT peptide via click chemistry
for intracellular imaging of tau, according to an embodiment
of the disclosed invention. Embodiments provide a DNA
aptamer conjugate, which is a conjugated Tau-binding
aptamer. The DNA aptamer conjugate comprises a DNA
aptamer disclosed herein, which is capable of binding to a
tau protein at a phosphorylatable site of the tau protein, and
a moiety linked to the DNA aptamer. The moiety may be an
azido-containing cell penetrating peptide (CPP), such as
azido-TAT. In one embodiment, the DNA aptamer conjugate
is a TAT-conjugated aptamer. By modifying a DNA aptamer
disclosed herein with a dibenzylcyclooctyne (DBCO) group,
the DNA aptamer may be linked with an azido-containing
cell penetrating peptide (CPP), such as azido-TAT (a cell
penetrating peptide derived from the trans-activator of tran-
scription of HIV), via click chemistry (FIG. 29). The DNA
aptamer conjugate comprises a modified DNA aptamer that
is linked with an azido-containing cell penetrating peptide.
The modified DNA aptamer is capable of binding to a tau
protein at a phosphorylatable site of the tau protein. The
DNA aptamer comprises a nucleic acid sequence selected
from the group consisting of SEQ 1D NO: 1, SEQ ID NO:
2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID
NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ
ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO:
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13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ
ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19, SEQ ID NO:
20, SEQ ID NO: 21, SEQ ID NO: 22, SEQ ID NO: 23, SEQ
ID NO: 24, SEQ ID NO: 25, SEQ ID NO: 26, and SEQ ID
NO: 27.

[0213] In combination with a fluorophore and a quencher
(fluorescence recovery molecular beacon), this TAT-conju-
gated aptamer may be used to image intracellular tau protein
in situ. Thus, a tau aptamer disclosed herein may also be
used for neuroimaging purposes, such as with PET, SPECT
and contrast-agent-based MRI, for detecting brain injury or
development of tauopathy. The disclosed tau aptamer further
have novel utilities in traumatic brain injury (TBI), chronic
traumatic encephalopathy, Alzheimer’s disease, and other
tauopathy-linked neurodegenerative diseases (e.g. Parkin-
sonism).

[0214] In one embodiment, a TAT-conjugated aptamer is
introduced into a cell for imaging intracellular phosphory-
lated tau, non-phosphorylated tau, and/or total tau in situ.
Accordingly, embodiments further provide a method for
cell-based imaging of phosphorylated tau, non-phosphory-
lated tau, and/or total tau in a cell. The method comprises
introducing a DNA aptamer conjugate into cells in a cell
culture medium in vitro by adding a composition comprising
the DNA aptamer conjugate into the cell culture medium and
detecting the binding of the DNA aptamer conjugate to a tau
protein in the cell. The DNA aptamer conjugate comprises a
modified DNA aptamer that is linked with an azido-contain-
ing cell penetrating peptide. The modified DNA aptamer is
capable of binding to a tau protein at a phosphorylatable site
of the tau protein. The DNA aptamer comprises a nucleic
acid sequence selected from the group consisting of SEQ ID
NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ
ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8,
SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID
NO: 12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15,
SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID
NO: 19, SEQ ID NO: 20, SEQ ID NO: 21, SEQ ID NO: 22,
SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID NO: 25, SEQ ID
NO: 26, and SEQ ID NO: 27.

[0215] Alternatively, a composition comprising the dis-
closed DNA aptamer conjugate may be delivered or admin-
istered into a subject in need thereof for imaging the
phosphorylated Tau, non-phosphorylated Tau or total Tau in
the brain of the subject. The subject may be a live animal or
a human. The composition comprising the disclosed DNA
aptamer conjugate may be administered systemically or
regionally into the subject. In one embodiment, a DNA
aptamer conjugate is administered into a subject by injec-
tion. For example, the DNA aptamer conjugate may be
regionally injected into the brain region or ventricle of the
brain for in vivo imaging in a subject. The subject may be
animals or human.

Treating a Progression of Tauopathy Associated
Neurodegenerative Disorder
[0216] Furthermore, a tau aptamer disclosed herein, when

bound to Tau protein may inhibit in vitro Tau phosphory-
lation by protein kinases. A tau aptamer disclosed herein,
when bound to tau protein, may also inhibit tau protein
aggregation in vitro (as induced by heparin). Modified forms
of some of tau aptamers may further bind tau protein and
microtubule in a cell culture systeni, for example, rat cortical
neurons, neuroblastoma cells N2A, etc.
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[0217] A tau aptamer disclosed herein may be used for
treating a progression of tauopathy associated neurodegen-
erative disorder. In one embodiment, a composition com-
prising a DNA aptamer disclosed herein is a pharmaceutical
composition comprising a DNA aptamer disclosed herein
and a pharmaceutically acceptable carrier such as a diluent
or excipient. The pharmaceutical composition is formulated
in a dosage form. Alternatively, the composition comprises
a DNA aptamer disclosed herein and a pharmaceutically
acceptable salt. The DNA aptamer is capable of binding to
a tau protein at a phosphorylatable site of the tau protein.
[0218] In one embodiment, the composition comprising a
DNA aptamer comprising a nucleic acid sequence set forth
in SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID
NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ
ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11,
SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID
NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ 1D NO: 18,
SEQ ID NO: 19, SEQ ID NO: 20, SEQ ID NO: 21, SEQ ID
NO: 22, SEQ ID NO: 23, SEQ ID NO: 24, SEQ 1D NO: 25,
SEQ ID NO: 26, or SEQ ID NO: 27. The composition
disclosed herein may be administered to a subject in need
thereof. In one alternative embodiment, the pharmaceutical
composition disclosed herein may be delivered to a subject
via injection. When the DNA aptamer is delivered into the
body of the subject, the DNA aptamer is capable of binding
at a phosphorylatable site of the tau protein and inhibit tau
phosphorylation at the phosphorylatable site and inhibit tau
protein oligomerization and/or aggregation in the subject’s
brain. Accordingly, administering to a subject in need
thereof a pharmaceutical composition comprising a thera-
peutically effective amount of a DNA aptamer that is capable
of binding to a tau protein at a phosphorylatable site of the
tau protein may arrest or treat the progression of a tauopathy
associated disorder. In an embodiment, the subject being
treated with the disclosed DNA aptamer has Alzheimer’s
disease and/or chronic traumatic encephalopathy.

[0219] Alternatively, embodiments provide a method for
arrest the progression of tauopathy associated disorder s by
administrating a pharmaceutical composition comprising a
tau-binding DNA aptamer disclosed herein into the body of
a subject. The pharmaceutical composition comprising the
Tau-binding DNA aptamer may be administered into the
circulating blood of the subject. The tau-binding DNA
aptamer may arrest the progression of tauopathy associated
disorders by binding and sequestering Tau and/or P-Tau
from the brain as an organ gradually.

[0220] Alternatively, embodiments provide a method to
introduce one or more Tau-binding DNA aptamers into brain
of a subject and/or brain cells. When the Tau-binding DNA
aptamers are bound to Tau protein, they may inhibit Tau
phosphorylation by endogenous protein kinases in the brain
of a subject and/or the brain cells.

[0221] In one embodiment, one or more Tau-binding
aptamers are introduced into a brain of a subject and/or brain
cells. When aptamers are bound to Tau protein, they may
inhibit tau protein aggregation in the brain cells or in the
brain interstitial fluid.

[0222] In one embodiment, a delivery apparatus used for
treating a tauopathy associated disorder is further provided.
The delivery apparatus contains a pharmaceutical composi-
tion comprising a therapeutically effective amount of a
disclosed DNA aptamer that is capable of binding to a tau
protein at a phosphorylatable site of the tau protein. This
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delivery apparatus may be an injectable drug delivery device
containing an injection liquid solution or suspension con-
tained in the injectable drug delivery device, wherein the
injection liquid solution or suspension comprises at least one
effective dosage of a pharmaceutical composition compris-
ing a therapeutically effective amount of a DNA aptamer that
is capable of binding to a tau protein at a phosphorylatable
site of the tau protein, an adjuvant, and/or a pharmaceuti-
cally acceptable diluent or excipient. FIG. 32 illustrates a
delivery apparatus for delivering a pharmaceutical compo-
sition disclosed herein. The delivery apparatus comprises an
injectable drug delivery device 3210 and a liquid solution or
suspension 3212 comprising the pharmaceutical composi-
tion disclosed herein.

[0223] All documents, patents, journal articles and other
materials cited in the present application are incorporated
herein by reference.

[0224] The many features and advantages of the invention
are apparent from the detailed specification, and thus, it is
intended by the appended claims to cover all such features
and advantages of the invention which fall within the true
spirit and scope of the invention. Further, since numerous
modifications and variations will readily occur to those
skilled in the art, it is not desired to limit the invention to the
exact construction and operation illustrated and described,
and accordingly, all suitable modifications and equivalents
may be resorted to, falling within the scope of the invention.
[0225] The disclosed invention is further defined in the
following Examples. It should be understood that these
Examples are given by way of illustration only. From the
above discussion and these Examples, one skilled in the art
may ascertain the essential characteristics of embodiments
of the disclosed invention. Without departing from the spirit
and scope thereof, one skilled in the art may make various
changes and modifications of the invention to adapt it to
various usages and conditions. All publications, including
patents and non-patent literature, referred to in this specifi-
cation are expressly incorporated by reference herein.

EXAMPLES

[0226] In the following examples, specific peptide frag-
ments from tau protein and pathologic phosphorylated tau
proteins were used as targets to carry out the selection for
site-specific tau aptamers. The identification of a panel of
phosphorylatable sites/epitopes specific tau aptamers using
peptide SELEX was described. A panel of phosphorylatable
sites specific tau aptamers was selected using specific pep-
tide fragments from tau protein and pathologic phosphory-
lated tau proteins as putative targets.

[0227] One of the aptamers identified (IT3) overlooked
phosphorylation on T231 and recognized both T231 and
T231P. Another one (IT2) could bind to T231, T231P, and
S202, but not S202P. The rest of the aptamers discovered
were highly specific to T231 site only. Three of the identified
aptamers were truncated into shorter versions without appre-
ciable compromise on their binding abilities to targets. All of
the tau aptamers reported here showed high affinity to tau
protein. The dissociation constants of these aptamers against
Taud41 protein ranged between 5.5 nM to 68 nM.

[0228] Finally, the specificity and the inhibitory effects of
the selected tau aptamers were demonstrated. All of the
tested tau aptamers were highly specific to tau protein. No
cross-reaction was observed with any of the non-target
proteins. Besides, in vitro inhibition on oligomerization by
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several Tau-binding aptamers (new Figure Y), as well as in
vitro protection against protein kinase (e.g. GSK3beta)-
mediated Tau phosphorylation (new figures X) was con-
firmed. Moreover, the cell-based experiment showed that
aptamers IT1c and IT2a are capable of interfering with the
phosphorylation of tau and thus minimizing the formation of
phosphor-tau oligomers inside living cells.

Example 1

Identification of DNA Aptamers Targeting Susceptible
Phosphorylation Sites on Tau

Significance and Background

[0229] Healthy neurons are held together by their cyto-
skeleton, which is partly built up with microtubules. Tau
proteins are neuronal microtubule-associated proteins
known to promote the assembly of microtubules and to
maintain microtubular integrity. Normal tau proteins bind
with microtubules and prevent these track-like structures
from breaking apart, allowing nutrients and molecules to be
transported along the cells. However, it has been proved that
tau is pathologically involved in several neuron related
disorders. The deposition of aggregated tau in brain neurons
are observed in a range of neurodegenerative diseases, from
fronto-temporal dementia (FTD), progressive supranuclear
palsy (PSP), chronic traumatic encephalopathy (CTE), to
Parkinson’s disease and Alzheimer’s disease.71-75 The
aggregated form of tau loses its affinity for microtubules due
to an abnormally high degree of phosphorylation.67 The
abnormal clusters of tau proteins found within the brain
neurons are known as neurofibrillary tangles (NFTs). These
tangles are insoluble and are disruptive to the transport
system in neurons, causing nutrients and other essential
supplies to no longer move along the cells. Neurons with
tangles and non-functioning microtubules thereby undergo
apoptosis and eventually cell death.

[0230] The most fundamental difference between healthy
tau protein and the pathological tau protein is the phospho-
rylation level. Tau may be phosphorylated at many sites, but
these sites are very specific. Aptamers are nucleic acid
probes capable of binding to particular ligands. They are
selected from combinatorial oligonucleotide libraries
through an evolution process called SELEX. Aptamers have
shown remarkable specificity in discriminating targets from
their similar analogs, such as differentiating among homolo-
gous proteins that differed only by a few amino acids28 or
one single amino acid,29 or even between enantiomers.30,
31 Here, to exploit the specificity of aptamers, fragments of
phosphorylatable regions from tau protein and their corre-
sponding phosphorylated forms were used as putative tar-
gets to search for site-specific tau aptamers that may further
be used to regulate up-stream or down-stream functions
associated with phosphorylation of tau protein.

Materials and Methods

Buffers and Peptides

[0231] The buffer used to disperse peptides and peptide-
beads was Dulbecco’s phosphate buffered saline (PBS) with
calcium chloride and magnesium chloride (Sigma-Aldrich).
The buffer used to prepare DNA solutions as well as the
buffer for all binding reactions was Dulbecco’s phosphate
buffered saline (PBS) with calcium chloride and magnesium
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chloride (Sigma-Aldrich) with additional 5§ mM MgCl2. The
sequences of the peptides used in this study were TPPAP-
KTPPSSGE (T181) (SEQ ID NO: 28). TPPAPKT(p)
PPSSGE (T181P) (SEQ ID NO: 28), GYSSPGSPGTPGSR
(5202) (SEQ ID NO: 29), GYSSPGS(p)PGTPGSR (S202P)
(SEQ ID NO: 29), KVAVVRTPPKSPS (T231) (SEQ ID
NO: 30), KVAVVRT(p)PPKSPS (T231P) (SEQ ID NO: 30),
EIVYKSPVVSGDTSPRH (839658404) (SEQ ID NO: 31),
EIVYKS(p)PVVSGDTS(p)PRH (53965404P) (SEQ ID
NO: 31). All peptides were purchased from GenScript; they
all came with N-terminal acetylation and 2 units of 6-amin-
ocaproic acid (Ahx) linker followed by 6 histidine residues
(his-tag) (SEQ ID NO: 32) at their C-terminus.

Immobilization of Tau/P-Tau Peptides

[0232] 20 pL of stock Ni sepharose high performance
beads (~7x105 Ni-NTA beads, GE Healthcare Life Sci-
ences) were washed/equilibrated with 500 pL. of PBS three
times. After quick spin-down with mini centrifuge (Fisher
Scientific), supernatant was discarded. The remaining pellet
was suspended in 100 pl of PBS containing either 400
pg/mL or 800 pg/mL of the designated peptide and left
overnight at 4° C. on a shaker. The prepared peptide-beads
were kept in the peptide solution and left unwashed at 4° C.
until before use. Beads used in counter selections or negative
controls in binding tests were prepared as mentioned above
but suspended in PBS as opposed to peptide solution.

DNA Library and Primers

[0233] The forward primer and the reverse primer were
labeled with FAM and biotin, respectively, at their 5'-ends.
The sequence of the forward primer was 5'-FAM-CAG CAC
CGT CAA CTG AAT-3' (SEQ ID NO: 33); the sequence of
the reverse primer was 5'-Biotin-ACA TCT CCATCG CAT
CAC-3' (SEQ ID NO: 34). The DNA library consisted of a
randomized 30-nt region flanked by primer binding sites:
5-CAG CAC CGT CAA CTG AAT-(N30)-GTG ATG CGA
TGG AGA TGT-3' (SEQ ID NO: 35). All library and primer
sequences were purchased from Integrated DNA Technolo-
gies (IDT) and purified by reverse phase HPLC.

Polymerase Chain Reaction (PCR)

[0234] PCR parameters were optimized before the selec-
tion process. All PCR mixtures contained 50 mM KCl, 10
mM Tris-HCI (pH 8.3), 1.5 mM MgCI2, 0.2 mM each dNTP,
0.5 uM each primer, and hot start Taqg DNA polymerase
(0.015 units/uL). PCR was performed on a BioRad C1000
Thermo Cycler, and all PCR reagents were purchased from
Takara. The amplification began with a hot start at 95° C. for
90 sec to activate Taq DNA polymerase. Then each of the
repeated amplification cycle was performed at 95° C. for 30
sec, 57° C. for 30 sec, and 72° C. for 60 sec, followed by a
one-time final extension at 72° C. for 3 min.

SELEX Procedures

[0235] The SELEX process was performed by binding the
DNA library to the peptide-immobilized beads and eluting
DNA survivors from the washed peptide-beads followed by
PCR amplification in a reciprocal manner. In the first round,
an initial DNA library consisted of 20 nmol of the random-
ized oligonucleotides in 500 pl. of buffer was used as a
starting pool. For later rounds, 150 pmol (Rounds #2-#3),
125 pmol (Rounds #4-#7), 75 pmol (Rounds #8-#15), or 20
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pmol (Rounds #16-#17) of oligonucleotides amplified from
previous recovered binding survivors were used. In each
round, the DNA pool was heated at 95° C. for three minutes,
followed by rapid cooling on ice for 5 minutes before
starting incubation, allowing the DNA sequences to form the
most favorable secondary structures. Beads were washed
against 1 mL of PBS three times before use. Counter
selection with bare Ni-NTA beads was introduced in Round
#6 and was thereafter included in all subsequent rounds.
Sandwiched counter selections were used in Round #8 as
well as in all later rounds. All positive incubations and
negative incubations were done at 4° C. After each cycle of
negative incubation, supernatant was collected while the
undesired sequences bound on Ni-NTA beads were dis-
carded. As for positive incubations, peptide-beads were
washed with buffer to remove unbound sequences. The
washing stringency was enhanced as the selection pro-
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gressed to remove weak candidates. The washed peptide-
beads were heated at 95° C. for 7 minutes followed by quick
spin-down with mini centrifuge. The survived candidates in
the supernatant were collected and were ready for PCR
amplification during the first five rounds when negative
selections were not included. For later rounds, the sequences
recovered from peptide-beads were treated with counter
selection before PCR amplification. The number of opti-
mized PCR amplification cycles for each round was con-
firmed with agarose gel electrophoresis. Streptavidin sep-
harose high performance beads (GE Healthcare Life
Sciences) were used to isolate the PCR products from the
reaction mixture. The fluorophore-labeled amplicons were
then separated from the biotinylated antisense DNA by
eluting with 20 mM NaOH. Finally, the ssDNA was desalted
with a NAP-5 column (GE Healthcare Life Sciences). The
entire SELEX process was summarized in Table 2.

TABLE 2

Conditions used in each round of SELEX.

# of
Library Negative Positive Negative repeated
(cone., (volume of (volume of (volume of Washing Suspended PCR

Round volume)  beads, duration)

beads, duration)

beads, duration) ~ (volume, times) volume*! cycles

1 40 pM, — 25 ul x 8*2, — 500 pL x 100 pL 20 repeats
500 uL 60 min 2
2 300 nM, 25 uL x 8, — 500 pL x 300 puL 14 repeats
500 pL 45 min 2
3 300 nM, 25 uL x 8, — 500 pL x 300 puL 14 repeats
500 uL 30 min 2
4 250 nM, 50 uL x 8, — 500 pL x 300 pL 14 repeats
500 uL 30 min 2
S 2501, — S0 pL x 8§, — 500 pL x 300 pL 12 repeats
500 uL 30 min 3
6 250 nM, 50 pL x 8, 400 pL, 500 pL x 500 pL 12 repeats
500 pL 30 min 30 min 3
7 250 nM, 50 uL x 8, 400 pL, 1000 pL x 500 puL 22 repeats
500 pL 30 min 30 min 3
§ 250 nM, 125-1000 uL*3, S0 uL** x 8§, 400 uL, 1000 pL x 300 uL 26 repeats
300 pl. 30 min 30 min 30 min 3
9 250 nM, 400 pL, 50 pL x 8§, 400 pL, 1000 pL x 300 puL 24 repeats
300 uL 30 min 30 min 30 min 3
10 250 nM, 1000 pL, S0 pL x 8, 1000 pL, 1000 pL x 300 puL 10 repeats™>
300 pL 30 min 30 min 30 min 3
11 250 nM, 1000 pL, 50 uL x 8, 1000 pL, 1000 pL x 300 puL 18 repeats™>
300 pL 30 min 30 min 30 min 3
12 250 n0M, 1000 pL, 100 pL*€, 1000 pL, 1000 pL x 500 uL 16 repeats
300 uL 30 min 30 min 30 min 3
13 250 0M, 1000 pL, 100 pL, 1000 pL, 1000 pL x 500 uL 16 repeats
300 pL 30 min 30 min 30 min 3
14 250 1M, 1000 pL, 100 uL, 1000 pL, 1000 pL x 500 uL 20 repeats
300 uL 30 min 30 min 30 min 5
15 2500M, 1000 pL, 100 pL, 1000 pL, 1000 pL x 500 uL 14 repeats
300 pL 30 min 30 min 30 min 5
16 100 nM, 200 uL, 100 uL, 200 pL, 1000 pL x 500 uL 14 repeats
200 uL 30 min 30 min 30 min 5
17 100 nM, 200 pL, 80 uL, 200 uL, 1000 pL x 500 puL 12 repeats
200 pL 30 min 30 min 30 min 5

*IThe solvent used to suspend DNA cluted from heated positive beads was DNase-free water in the first 5 rounds, That solvent was changed to PBS
with additional 5 mM Mg~* for Round #6 and later rounds because negative incubations were introduced after positive incubations in these rounds.
27118 types of peptide-beads (T181, TI81P, §202, S202P, T231, T231P, $3965404, §3965404P) were used in the first 11 rounds. The concentration
of the peptide solutions used to immobilize each of the his-tag peptides onto Ni-NTA beads was 400 pg/mL in the first 7 rounds.

*Four subsequent counter incubations with 125 uL, 125 pL, 125 pL, and 1600 pL of Ni-NTA beads were executed before positive incubation in

Round #3.

#The concentration of the peptide solutions used to immobsilize each of the his-tag peptides onto Ni-NTA beads for Round #8 and later rounds was

increased to 800 pg/mL.

*The DNA templates eluted from heated positive beads in Rounds #10 and #11 were diluted with another 300 uL of DNase-frec water prior to PCR

amplification.

*6Only T231-immobilized beads, instead of all & types of peptide-beads, were used as positive beads in Round #12 and later rounds.
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Flow Cytometric Analysis of Enriched Pools or Aptamer
Candidates

[0236] BD ACCURI™ C6 flow cytometry (BD Immuno-
cytometry Systems) was used to monitor the enrichment of
aptamer candidates during the selection process and to
evaluate the binding specificity of the selected aptamer
candidates. For each sample, 20 puL, of peptide-beads or bare
beads (~1.4x105 beads) was washed against 500 pL of PBS
three times. After removing the supernatant, beads were
suspended in 80 pL of buffer containing either DNA pool or
aptamer candidate to be tested at 250 nM for 30 min, but the
DNA concentration used was 100 nM instead of 250 nM
when examining the saturation of fluorescent signal with the
selection pools. Incubations were carried out at 4° C. unless
stated otherwise. Afterwards, beads were washed against
500 pL of PBS with additional 5 mM Mg2+ twice and then
were suspended in 80 pL of buffer for flow cytometric
analysis.

Next-Generation Deep Sequencing of DNA Survivors

[0237] Eariched DNA pools from Rounds #15-17 were
chosen for sequencing. Primers without FAM or biotin
modification were used to amplify the DNA pools to be
sequenced. The amplicons from each pool were then bar-
coded separately using TruSeq DNA library preparation kit
(Mlumina) for assorting the sequences afterwards. The
samples were submitted to Illumina next-generation DNA
sequencing at the University of Florida, ICBR Sequencing
Core Facility. The sequencing results were analyzed using
in-house software.

Chemical Synthesis and Purification of Aptamer Candidates

[0238] The 10 most abundant sequences from Round #17
were chemically synthesized by the standard phosphoramid-
ite method using a 3400 DNA synthesizer (Applied Biosys-
tems). Reagents for synthesis were purchased from Glen
Research. The synthesized aptamer candidates were then
purified by reversed phase HPLC (Varian Prostar), using a
C18 column and triethylammonium acetate (TEAA, 0.1M)/
acetonitrile (Fisher Scientific) as the mobile phase.

Sequence Truncation of the Selected Aptamers

[0239] The selected aptamers were truncated based on
their secondary structures predicted by Integrated DNA
Technologies OLIGOANALYZER® Tool. Shorter versions
of each of the selected aptamers were synthesized and their
binding abilities were evaluated by flow cytometry as
described previously for full-length candidates.

Measurement of Binding Kinetics/Affinities of the Selected
Aptamers

[0240] The binding affinities and binding kinetics of the
selected aptamers were determined on an Octet RED384
instrument (Pall Fortebio). All measurements were per-
formed on 384-well plates that were agitated at 1000 rpm at
30° C. The his-tag peptides were immobilized at a concen-
tration of 5 pg/ml. on Ni-NTA sensors for 10 minutes,
followed by rinsing the sensors in PBS for 10 min. Then the
sensors were brought into fresh association buffer (PBS with
5 mM Mg2+) to establish a baseline for another 10 min. For
kinetic analysis, the peptide-immobilized sensors were
transferred to the wells containing aptamer dilutions (1 uM,

Apr. 4,2019

1.5uM, 2 uM, 3 uM, 4 uM) for the association step (10 min),
and then moved to the wells with fresh buffer for the
dissociation step (10 min). A reference sensor was used
without the treatment with aptamer solution but others steps
remained the same. When measuring the binding of aptam-
ers with his-tag Taud41 protein (SignalChem), the experi-
mental layout was the same as described above, except that
the loading concentration of his-tag Tau441 protein was 1
pg/mL supplemented with 0.75 mM imidazole and the
concentrations for aptamer dilutions were 0.75 uM, 1.5 uM,
3 uM, 6 uM, and 12 pM. Association rate constants (kon),
dissociation rate constants (koff), and equilibrium dissocia-
tion constants (Kd) for each aptamer binding to its target
peptide were calculated using the FORTEBIO® data analy-
sis software 10.0.

Results and Discussion

Monitoring the Progression of Tau Aptamer Selection

[0241] FIGS. 3a, 3b and 3c¢ illustrate the progress of
aptamer selection against each of the peptides of interest,
according to an embodiment of the disclosed invention.
Binding signal intensity was examined after Round #1
shown in FIG. 3A, Round #6 shown in FIG. 3B, and Round
#7 shown in FIG. 3A. Fluorescent signals detected came
from FAM-labeled oligonucleotides bound on beads and
were monitored using flow cytometry. FIG. 4 illustrates
binding of oligonucleotides amplified from Round #I,
Round #6, and Round #7 to Ni-NTA beads, according to an
embodiment of the disclosed invention. The recovered pools
showed an increasing trend of binding to the Ni-NTA beads
throughout the rounds. FIG. 5 illustrates decreasing binding
intensities observed after involving stringent counter selec-
tions, according to an embodiment of the disclosed inven-
tion. Four subsequent negative incubations were conducted
before positive incubation in Round #8. The fluorescence
intensities detected were in accordance with the relative
amount of ssDNA bound on each portion of negative beads.
[0242] The selection process began with a random library
containing 20 nmol of primer-flanked, 66-nucleotide-long,
single-stranded DNA, which approximately had 1.2x1016
sequences. After incubating the initial DNA library with a
mixture of peptide-beads, the unbound DNA strands were
washed off. The retained oligonucleotides on peptide-beads
were eluted by denaturing the secondary structure of DNA
through heating and then were collected in supernatant. The
recovered survivors were amplified by PCR and the ampli-
cons generated were used as the library for the next round.
Sequential rounds were carried out with similar procedures
until counter-selection with bare Ni-NTA beads was intro-
duced. Started from Round #6, the supernatant recovered
from positive incubation was to be submitted to the negative
incubation with bare Ni-NTA beads to remove the sequences
that might preferably adhere to the surface of the beads.
Such post-counter-selection was employed in all following
rounds. The enrichment was firstly examined after 7 rounds.
The amplicons produced in Round #1, Round #6, and Round
#7 were used to test the binding of the recovered pools
against each of the 8 putative peptides of target. The
fluorescent signals on Ni-NTA beads and peptide-beads
were measured using flow cytometry. As shown in FIG. 3,
the DNA pools obtained after 7 rounds did not really exhibit
binding preference to any of the desired targets compared to
their binding towards negative beads. Instead, the oligo-
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nucleotides amplified seemed to have an upward trend in
binding to the bare Ni-NTA beads throughout the rounds
(FIG. 4). Based on this, a much more stringent counter
selection was executed before positive incubation in Round
#8. Four subsequent negative incubations were performed
with 125 uL, 125 pL, 125 pl, and 1000 pL of Ni-NTA beads,
respectively. The relative amount of ssDNA bound on each
portion of negative beads was examined as expressed in
FIG. 5. The concentration, or the population, of the unde-
sired sequences was decreased in a noticeable manner in the
third and the fourth negative incubations.

[0243] FIGS. 6A and 6B illustrate evaluation of the
SELEX progress, according to an embodiment of the dis-
closed invention. Binding intensity was evaluated with
amplicons obtained in Round #10 shown in FIG. 6A and
Round #11 shown in FIG. 6B. Both ssDNA pools tested
showed a preference binding towards T231 and S396S404
over other peptides. FIGS. 7A, 7B, 7C and 7D, and Table 3
illustrate binding test with reference sequences, according to
an embodiment of the disclosed invention. Sequence Refl
(shown in FIG. 7A), Ref2 (shown in FIG. 7B), Ref3 (shown
in FIG. 7C), and Ref4 (shown in FIG. 7D) were used to
investigate binding bias between oligonucleotides and pep-
tides. Higher non-specific binding was observed with
S3965404 peptide regardless of the sequence of the binding
partner.

TABLE 3

Reference sequences used in binding test.

Name Sequence 5'—»3'

Refl GCGGAGCGTGGCAGG
(SEQ ID NO: 3¢)

Ref2 AACGAGAAGCGCGATCACAT
(SEQ ID NO: 37)

Ref3 CTTCTGCCCGCCTCCTTCC
(SEQ ID NO: 38)

Ref4 ATCCAGAGTGACGCAGCACCAATAAATCTAGCCGGGGT
ATCGGTGGACACGGTGGCTTAGT
(SEQ ID NO: 39)

[0244] The supernatant collected after the fourth negative
incubation then was carried to the 8th round of positive
incubation, in which the concentration of the peptide solu-
tions used to modify Ni-NTA beads was doubled to 800
pg/ml. Moving forward, the following selection rounds
were conducted with sandwiched negative incubations to
eliminate the possibility of enriching any oligonucleotides
recognizing the surface of the beads and with positive beads
prepared with more concentrated peptide solutions (800
pg/mL) to raise the recovery rate of the desired candidates.
The conditions used were summarized in Table 1. The
SELEX progress was then evaluated again with amplicons
obtained in Round #10 and Round #11. Both ssDNA pools
tested favored T231 and S396S404 over other peptides,
demonstrate these two tau fragments were potentially the
most promising targets (FIG. 6). A reference test was
engaged at this point to circumvent any predisposition to
higher non-specific binding with each peptide of interest.
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Four oligonucleotides were used as reference sequences.
Three of them (Refl-Ref3) had been reported to have
binding aflinities towards full-length Tau 381 and Tau 410
proteins in either single-stranded or double-stranded forms,
yet their binding sites remained unknown.134 Ref4 was
used as a reference in comparable length to the DNA library
used for tau SELEX. It turned out the binding bias was
observed with $3965404 peptide regardless of which refer-
ence sequence was used (FIG. 7) On the other hand, no
significant background binding was found between T231
and the reference sequences, indicating the binding enhance-
ment on T231 seen in FIG. 6 was genuinely attributed to the
evolution of T231 DNA binders along the selection process.

[0245] FIG. 8 illustrates Fluorescence intensities detected
on Ni-NTA, T231, and S396S404 beads after incubated with
fluorophore-labeled sequences, including Refd, a random
DNA library, amplicons obtained in Round #10, and ampli-
cons obtained in Round #11, according to an embodiment of
the disclosed invention. FIG. 9 illustrates binding test with
S396S404 peptide using different DNA pools and
sequences, according to an embodiment of the disclosed
invention. 83968404 did not discriminate different DNA
samples but possessed an inherent affinity to ssDNA.

[0246] To better recapitulate the conclusion here, the bind-
ing of Ref4, a DNA library contained randomized mixture of
sequences, amplicons obtained in Round #10, and ampli-
cons obtained in Round #11 towards Ni-NTA, T231, and
S3965404 beads were depicted side by side in FIG. 8. All
four DNA pools used here expressed same level of low
binding strength to Ni-NTA beads, representing that the
sandwiched counter selections were efficient. As for T231
beads, a gradual increase of binding intensities between the
random library and oligonucleotides amplified from DNA
survivors in Round #10 and Round #11 was found, implying
the likelihood of T231 being target of aptamers to be
selected. Nevertheless, the binding intensities observed on
S3968404 beads with amplicons obtained in Round #10 and
Round #11 were misleading. Even though the fluorescence
intensities on S396S404 beads were much stronger than that
on Ni-NTA beads, S3965404 did not really discriminate
different DNA pools (FIG. 9), meaning the fluorescent
signals detected with S396S404 beads came from an inher-
ent affinity between S3965404 peptide and ssDNA rather
than S396S404 being the anticipated target at this point.
T231 peptides were then taken as the sole target used in
positive incubations for the next six rounds.

[0247] The binding strengths of the resulting PCR prod-
ucts from Round #12 to Round #17 against Ni-NTA beads
and T231 beads evaluated by flow cytometry were shown in
FIG. 10. A substantial boost in fluorescence intensity
detected on T231 beads was found with amplicons acquired
in Round #12, in which T231-immobilized beads, instead of
all 8 types of peptide-beads, were used alone in the positive
selection for the first time. While the screened ssDNA pools
steadily presented low binding to Ni-NTA beads, the fluo-
rescent signals on T231 beads stopped increasing as signifi-
cantly between Round #14 and Round #17, demostrating the
saturated binding of the enriched pools to T231 beads had
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been achieved. Signals were evaluated by flow cytometry.
Since the signal intensity detected from Round #16 almost
reached the upper detection limit of the instrument, another
test using only 100 nM, instead of 250 nM, of the amplicons
was carried out to truthfully interpret the discrepancy
between Round #15, Round #16, and Round #17 (FIG. 11).
FIG. 11 illustrates binding test against T231 peptide with
100 nM of amplicons acquired from Round #15, Round #16,
and Round #17, according to an embodiment of the dis-
closed invention. PCR products obtained in Round #15,
Round #16, and Round #17 were then barcoded and sub-
mitted for next-generation deep sequencing.

Identification of the Selected Aptamers and their Binding
Targets

[0248] FIGS. 12A through 127] illustrate primary binding
analysis between the top 10 aptamer candidates and their
prospective target of peptides, according to an embodiment
of the disclosed invention. Sequences IT1, 1T4, ITS, IT6,
and IT9 appeared to be aptamers specifically targeting T231
peptide without phosphorylation. Sequence IT2 demon-
strated a unique binding profile on three of the peptides
(T231, T231P, and S202). Sequence IT3 overlooked the
phosphorylated site and recognized both T231 and T231P.
[0249] Equal moles of barcoded amplicons from Round
#15, Round #16, and Round #17 were sequenced. The
number of reads yielded for Pool #15, Pool #16, and Pool
#17 were 628462, 675,441, 628,288, respectively. The
sequences were analyzed using in-house software. The top
10 most abundant sequences found in Pool #17 were listed
in Table 4 and were chemically synthesized and labeled with
FAM at the 5' end, followed by purification using HPLC.
Primary binding analysis examined by flow cytometry was
performed by incubating each of the 7 peptide-beads with
250 nM of each aptamer candidate to screen the binding
capacity and corresponding binding targets. S396S404 pep-
tide was not included here to avoid misleading readout with
the analysis. As shown in FIG. 12, five of the candidates
(IT1, IT4, ITS, IT6, and 1T9) were found to possess strong
and specific binding to T231 peptide, while T3 overlooked
the phosphorylated site and bound to both T231 and T231P.
Sequence T2, on the other hand, demonstrated a unique
binding profile. Not only did IT2 recognize both T231 and
T231P, but it also bound to S202. In addition, IT8, IT9, and
IT10 were found bearing high level of sequence homology
to IT3, IT5, and 1T2, respectively, except for one nucleotide
at position 19, which is the very first nucleotide next to the
PCR forward primer region (Table 5). IT9 and its predeces-
sor IT5 displayed similar binding strength towards T231,
demonstrating the nucleotide at position 19 for these two
resembling sequences had no significant impact on their
binding abilities to T231. However, IT8 and 1T10 both lost
their binding abilities to the prospective targets found with
IT3 and IT2, proving that the binding strength of an aptamer
could be greatly compromised by altering merely one
nucleotide within the crucial binding region. Yet, based on
the fact that IT8 and IT10 did not really manifest any
binding preference to neither of the peptides, they are more
likely the byproducts resulted from PCR amplification with
edge effect than the candidates evolved from partition with
the targets. Table 1 shows the full nucleotide sequences of all
Tau aptamers and their truncated Tau aptamers capable of
binding to one or more phosphoarylable epitopes of Tau
protein.
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TABLE 4

Table 4. The sequences of the most abundant 10
candidates selected with Tau peptides after 17
rounds and their relative percentages in 3
pools sequenced.

Sequence 5'—=3'
in in % in (showing only the
15 R16 R17 randomized region)

oe

Pl oe

Name

IT1 18.8 32.8 46.2 TGCTTGGTCCTCCCGGGGTTCT
GGAAALGC

(SEQ ID NO: 40)

IT2 16.2 23.5 21.5 AAGGACTGCTTAGGATTGCGAT
GATTCAGG

(SEQ ID NO: 41)

IT3 15.9 11.9 8.35 GGGGAGAGTGGTGGGGCGGGGG
CCGGATCC
(SEQ ID NO: 42)

IT4 18.1 10.0 7.75 GGGTTGGCCGGGCAGCGGGGGG
TAGGCTTG
(SEQ ID NO: 43)

IT5 9.19 7.20 4.43 GGCGGGGGGTCAGGTCGGGGTA
AGGTGAGC
(SEQ ID NO: 44)

ITe 0.150 0.303

o

. 794 GTTGTCGTCAGAGGTTATAACC
TGAACTCG
(SEQ ID NO: 45)

IT7 1.29 0.917

o

. 458 GGGGGCTGCTTAGGATTGCGET
TGTTTGTG
(SEQ ID NO: 46)

IT8 0.198 0.238

o

. 233 TGGGAGAGTGGTGGGGCEEGEG
CCGGATCC
(SEQ ID NO: 47)

IT9S 0.211 0.222

o

. 221 TGCGGGGGGTCAGGTCGGGGTA
AGGTGAGC
(SEQ ID NO: 48)

IT10 0.236 0.318

o

.209 GAGGACTGCTTAGGATTGCCAT
GATTCAGG
(SEQ ID NO: 49)

TABLE 5

Table 5. Sequences IT8, IT9, and IT10 were found
bearing high level of sequence homology to IT3,
ITS5, and IT2, respectively.

Mu-
Sequence 5'—+3' (showing tant
GroupName only the randomized region) Target site

Pair IT8 TGGGAGAGTGGTGGGGCGGGGGCCGGATCCX NT19:
1 (SEQ ID NO: 47) G—=T

IT3 GGGGAGAGTGGTGGGGCGGGGGCCGGATCCT231,
(SEQ ID NO: 42) T231P

Pair IT9 TGCGGGGGGTCAGGTCGGGGTAAGGTGAGCT231  NT19:
2 (SEQ ID NO: 48) G—=T

IT5 GGCGGGGGGTCAGGTCGGGGTAAGGTGAGCT231
(SEQ ID NO: 44)

Pair IT10 GAGGACTGCTTAGGATTGCGATGATTCAGGX NT19:
3 (SEQ ID NO: 49) A—=G
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TABLE 5-continued

Table 5. Sequences IT8, IT9, and IT10 were found
bearing high level of sequence homology to IT3,
IT5, and IT2, respectively.

Mu-
Sequence 5'—+3' (showing tant
GroupName only the randomized region) Target site

IT2 AAGGACTGCTTAGGATTGCGATGATTCAGGT231,
(SEQ ID NO: 41) T231P,
5202

The discrevancy only occurrec &t the 19th nucleotide. IT9
retained the binding ability to T231 as of IT5, but IT8 and IT10
lost the binding affinities tc the prospective targets fourd
with IT3 and IT2.

Sequence Truncation of the Selected Aptamers

[0250] The above selected aptamers were full-length
sequences evolved from the initial library used in SELEX,
which contained the fixed primer binding regions on both
ends to serve the PCR amplification process. Often times,
the full-length aptamers came with some redundant motifs,
either within the primer binding sites or in the randomized
region. Accordingly, the full-length aptamers could be trun-
cated into a minimal functional sequence without compro-
mising the direct interaction with the target or the folding
structure that facilitated the target binding. Sequence trun-
cation had been carried out successfully to obtain functional
aptamers restricted to the minimal target-binding domain,
most of which were less than 40 nucleotides long and were
predicted to be in the hairpin (stem-loop) or hairpin-with-
an-additional-loop structure.135-139 The approach used
here to remove the extraneous nucleotides from the full-
length aptamers based on analysis of their secondary struc-
tures predicted by Integrated DNA Technologies OLIGO-
ANALYZER® Tool. Aptamers IT1, 1T2, IT3, IT4, IT5, and
IT6 were chosen for sequence truncation. Since it had been
reported that fluorescein would be quenched by around 30%
when in proximity to guanine,140 two to three T-bases were
added as a spacer next to fluorescein if the truncated
sequence ended with G-base or G-C pair in the stem. The
truncated candidates from each known aptamer were syn-
thesized and tested successively. Their binding abilities were
evaluated by flow cytometry as described previously for
full-length candidates.

[0251] FIGS. 13A and 13B illustrate sequence optimiza-
tion of IT1, according to an embodiment of the disclosed
invention. (A) Predicted secondary structures of aptamer
IT1 (SEQ ID NQO: 1) and its truncated candidates, IT1a (SEQ
ID NO: 8), IT1b (SEQ ID NO: 9), IT1c (SEQ ID NO: 10),
and IT1d (SEQ ID NO: 11). (B) Truncated candidates IT1a,
IT1b, and IT1c showed slightly stronger binding abilities to
T231 compared to full-length aptamer IT1. However, the
binding strength was lost when further truncating the stem of
IT1c into IT1d. As shown in FIGS. 13A and 13B, the shorter
versions of aptamer IT1, except for IT1d, were found to have
slightly stronger binding abilities towards T23 1, demonstrat-
ing the smallest candidate IT1c was the binding motif, which
was less than half in length compared to IT1.

[0252] FIGS. 14A and 14B illustrate sequence optimiza-
tion of IT2, according to an embodiment of the disclosed
invention. (A) Predicted secondary structures of aptamer
IT2 (SEQ ID NO: 2) and its truncated candidates, IT2a (SEQ
ID NO: 12), IT2b ((1) SEQ ID NO: 13 and (2) SEQ ID NO:
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50, respectively, in order of appearance), IT2¢ (SEQ ID NO:
14),1T2d (SEQ ID NO: 15), and IT2e (SEQ ID NO: 16). (B)
Sequence truncation was done successfully with 1T2a and
IT2c. However, further truncation resulted in gradual loss of
binding ability as seen with IT2d and IT2e. Binding strength
was lost completely with sequence IT2b.

[0253] FIGS. 15A and 15B illustrate sequence optimiza-
tion of IT3, according to an embodiment of the disclosed
invention. (A) Predicted secondary structures of aptamer
IT3 (SEQ IDNO: 3) and its truncated candidates, IT3a (SEQ
ID NO: 17,), IT3b (SEQ ID NO: 18), IT3¢ (SEQID NO: 19),
and IT3d. (B) Binding preference to T231 and T231P was
lost completely with sequence 1T3a. The binding affinity to
T231 was then gradually recovered when the removed
nucleotides were appended back to the sequence (IT3c),
while the binding to T231P was extremely susceptible to any
change made to the parent sequence.

[0254] FIGS. 16A and 16B illustrate sequence optimiza-
tion of IT4, according to an embodiment of the disclosed
invention. (A) Predicted secondary structures of aptamer
1T4 (SEQ IDNO: 4) and its truncated candidates, IT4a (SEQ
ID NO: 20), IT4b (SEQ ID NO: 21), and IT4c (SEQ ID NO:
22). (B) None of the truncated candidates for IT4 showed
binding affinity to T231.

[0255] FIGS. 17A and 17B illustrate sequence optimiza-
tion of ITS, according to an embodiment of the disclosed
invention. (A) Predicted secondary structures of aptamer
IT5 (SEQ IDNO: 5) and its truncated candidates, IT5a (SEQ
ID NO: 51, which shows an additional nucleotide 5'-C
compared to SEQ ID NO: 23), IT5b (SEQ ID NO: 24), and
ITS¢ (SEQ ID NO: 52, which shows an additional nucleotide
5'-G and an additional nucleotide A-3' compared to SEQ ID
NO: 25). (B) None of the truncated candidates for 1T4
showed binding affinity to T231.

[0256] FIG. 30 is a table showing the identification of Tau
epitope binding targets for three tau aptamers, according to
an embodiment of the disclosed invention. A shift to the
right indicates Tau aptamers (IT1, IT2 or 1T3) binding to
stated target epitopes of Tau (e.g. 53965404P, T181P, T181,
5202P, S202, T231P, T231 His-tag peptides. Ni-NTA is
negative control without any peptide.

[0257] FIG. 31 is a table showing the sequence truncation
of some tau aptamers, and their preferred binding to specific
tau epitopes, according to an embodiment of the disclosed
invention.

[0258] As for aptamer IT2 (SEQ ID NO: 2), an evident
stem-loop motif was observed in its predicted secondary
structure (FIG. 14A). Thus, IT2 was abbreviated into 1T2a
(SEQ ID NO: 12) with the neat hairpin structure, which then
demonstrated similar binding profile to targets T231, T231P,
and S202 as of IT2 (F1G. 14B). Yet, the much more stringent
truncation of 1T2a (IT2b (SEQ ID NO: 13)) failed to
maintain the properties of the aptamer. A much gentle
approach was then implemented to shorten aptamer 1T2a
(SEQ ID NO: 12). Sequence 1T2¢ (SEQ ID NO: 14) still
presented similar binding ability compared to 1T2a. How-
ever, a gradual loss of binding ability was observed when
further truncating the stem of 1T2¢, demonstrating the
importance of a stable stem for binding of aptamer IT2c¢ to
its targets, especially for S202 peptide. The above results
also corresponded to the loss of binding with sequence 1T 10,
which resembled aptamer IT2 with one exception at position
19 (FIG. 12B, Table 5). It turned out that nucleotide #19 for
IT2 was indeed within the binding motif. Considering the
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same effect found with IT3 and IT8, nucleotide #19 for
aptamer IT3 should also play an important role for its
binding ability. Also, taking the predicted secondary struc-
tures into consideration, optimization of aptamer IT3 then
begun with eliminating the nucleotides at its 3'-end. Unfor-
tunately, truncation of IT3 (SEQ ID NO: 3) caused complete
loss or decrease of its binding to T231, except for IT3c (SEQ
ID NO: 19), while the binding between I'T3 and T231P was
extremely susceptible to any attempts of sequence truncation
made here (FIG. 15A and FIG. 15B). Likewise, the endeav-
ors to shorten IT4 and I'T5 were found unsuccessful (FIGS.
16A and 16B, and FIGS. 17A and 17B), demonstrating that
the full-length sequences of IT3, IT4, and I'T5 were required
for these aptamers to function properly. Finally, the second-
ary structure prediction revealed that aptamer IT6 would
form a branched hairpin structure. The sequence truncation
vielded IT6a, which, unlike IT6b, retained the selective
binding ability to T231 as shown in FIGS. 18A and 18B.
FIGS. 18A and 18B illustrate sequence optimization of IT6,
according to an embodiment of the disclosed invention. (A)
Predicted secondary structures of aptamer I'T6 (SEQ ID NO:
6) and its truncated candidates, IT6a (SEQ ID NO: 26) and
IT6b (SEQ ID NO: 27). (B) Sequence IT6a demonstrated
similar binding affinity to T231 as of aptamer IT6, but
sequence IT6b failed to maintain the binding strength to
T231.

Evaluation of Binding Abilities at Elevated Temperature

[0259] FIGS. 19A through 19D illustrate the binding abili-
ties evaluated at room temperature and at 37° C. as com-
pared to the binding strengths measured at 4° C., according
to an embodiment of the disclosed invention. All of the
aptamers were able to demonstrate similar binding abilities
even when the temperature was increased to 37° C.

[0260] The above binding tests were carried out at 4° C. to
ensure having the optimal secondary structures for aptamers.
However, in order to validate the feasibility of utilizing the
selected aptamers for biological studies that have to be done
under physiological conditions, the binding abilities of the
selected aptamers were also examined at room temperature
and at 37° C., respectively. As shown in FIGS. 3A, 3B, 3C,
4,5, 6A,6B,7A,7B,7D, 8,9,10, 11, 12A through 12J, 13A,
13B, 14A, 14B, 15A, 15B, 16A, 16B, 17A, and 17B, all of
the selected aptamers possessed either similar or similar but
slightly weaker binding strengths at 37° C. as compared to
that at 4° C. None of the aptamers reported here completely
lost its binding ability at room temperature or 37° C,,
demonstrating that these aptamers could be adopted to in
vitro and in vivo studies. The summary of the Tau epitope
binding of tau aptamers and the truncated aptamers is shown
as FIG. 31, which is a table showing the sequence truncation
of some tau aptamers, and their preferred binding to specific
tau epitopes, according to an embodiment of the disclosed
invention.

Determination of Binding Kinetics/ Affinities of the Selected
Aptamers

[0261] Direct measurement of binding kinetics plays an
important role in understanding the interactions between
aptamers and their targets. The kinetics also provides
insightful information on binding aflinities. For reversible,
non-covalent binding occurred during biomolecular com-
plex formation, the reaction typically comprises a con-
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tinuum of association (forward reaction) and dissociation
(reverse reaction). Generally, association rate constant
describes how fast one molecule binds to another, while
dissociation rate constant refers to how fast a complex falls
apart. Finally, the binding affinity, which in a way deter-
mines how much complex is formed at equilibrium, is
obtained by incorporating the ratio of these two rate con-
stants. When applying a 1:1 bimolecular interaction model,
the reaction of an aptamer binding to its target may be
expressed as Equation 3-1. The rate equations for associa-
tion and dissociation are shown as Equation 3-2 and Equa-
tion 3-3, respectively, where k_, is the association rate
constant and k. is the dissociation rate constant. Accord-
ingly, the net rate equation for the overall reaction at any
time point is given in Equation 3-4, which then transforms
into Equation 3-5 at equilibrium. The affinity of an aptamer
binding to its target is often evaluated by the equilibrium
dissociation constant Kd. which is defined in Equation 3-6.
The reaction of an aptamer binding to its target.

Aptamer+Target= Aptamer Target (3-1)

The rate equation for association.

d[Aptamer- Target .
W = konl Aptamer][Tergel] G2

The rate equation for dissociation.

—d[Apt -Target -3
M = ko [Aptamer- Target] @3

The net rate equation for the overall binding reaction.

d[Apt: -Target -
M = kon[Aptamer] [Target] — ko[ Aptamer- Target] @4

The rate equation at equilibrium.
ko[ Aptamer][ Target]=k, 5[ Aptamer-Target] (3-5)

The dissociation constant Kd at equilibrium.

P ko  [Aptamer][Target] (3-6)
4= kon [Aptamer- Target]

[0262] In the kinetic analysis carried out on Octet QKe,
one interactant is immobilized on the surface of the biosen-
sor (ligand) and the other remains in solution (analyte). A
typical binding kinetics experiment begins with an initial
baseline. Next, the loading step allows immobilization of
ligand molecules onto the surface of the biosensors, after
which the biosensors are dipped into buffer solution for
establishing a baseline. The following steps involve dipping
the biosensors into a solution containing the binding partner
(association) and then transferring the biosensors into a
solution without analyte (dissociation). The binding inter-
action of the analyte to the immobilized ligand is measured
in real time as the change in the number of molecules bound
to the biosensor causes a shift in the interference pattern
reflected from sensor surfaces. In this study, his-tag Tau/P-



US 2019/0101529 Al

Tau peptides (T231, T231P, S202) or his-tag Taud41 protein
were used as the ligand, while aptamer candidates were the
analytes. Specific corresponding equations explained below
were applied to analyze the different sensorgram phases.
[0263] A typical sensorgram displays the association,
equilibrium, and dissociation phases as shown in FIG. 20. At
the early stage of the association phase, there is an increase
in response units over time as the complex forms on the
biosensor. Analysis of the sensorgram curve in the associa-
tion phase using Equation 3-7 determines the rate of com-
plex formation. The derivation of Equation 3-7 is shown in
Figure FIG. 21. Equation 3-8 describes the response
obtained at the steady state of the interaction. To determine
the Kd using steady state analysis, the response at equilib-
rium, R, is measured with a range of aptamer concentra-
tions. At lower concentrations, the value of R, increases as
the concentration of aptamer rises, but eventually it reaches
a plateau, the theoretical maximum response denoted by
R, The derivation of Equation 3-8 is shown in FIG. 22.
In the dissociation phase, the concentration of aptamer is
brought to zero and the complex starts to fall apart in an
exponential manner as shown in Equation 3-9, where R, is
the signal level at the beginning of dissociation phase. The
derivation of Equation 3-9 is shown in FIG. 23.

The equation for analyzing the association phase in sensor-
grams.

The equation for analyzing the association phase in sensor-
grams.

R [Aptamer] 1 3-7

= [ _ e—(kgn[Amamer]—koﬁ)r]
K, + [Aptamer]
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The equation for analyzing the equilibrium phase in sensor-
grams.

_ Runax[ Aptamer]
1™ Ky +[Aptamer]

R (3-8)

The equation for analyzing the dissociation phase in sen-
sorgrams.

R,=Rye %" 3-9)

[0264] The kinetic on-rates (kon), off-rates (koff), as well
as the equilibrium dissociation constants (Kd) measured for
all aptamer-target pairs were summarized in Table 6. All of
the aptamers reported here displayed high binding affinities
toward Tau441 with the Kd values ranging from 5.5 nM to
68 nM. Except for IT4, all other aptamers have the equilib-
rium dissociation constants lower than 30 nM. The observed
on-rates ranged between 104 M-1s-1 to nearly 106 M-1s-1.
Aptamer IT1 presented the fastest on-rate ((9.3£1.9)x105
M-1s-1) toward Taud41 protein than any other aptamers or
aptamer-target pairs, while the slowest on-rate ((1.067+0.
018)x104 M-1s-1) was detected from IT2 against Taud41.
However, IT2 also demonstrated an extremely slow off-rate
((5.92£1.2)x10-5 s-1) from Tau441, rendering the lowest Kd
(5.5x1.1 nM) against Taud41 protein among all the aptam-
ers. The lowest Kd toward peptides, on the other hand, was
found between ITS and T231 (5.0+0.3 nM). In the mean-
while, IT5 also exhibited the second lowest Kd (7.6£0.6 nM)
against Taud41 protein among all the aptamers, indicating
the high binding affinities of IT5 toward both T231 peptide
and Tau441 protein. Although aptamer IT9 is only one base
different from ITS (as shown in Table 5), IT9 displayed
appreciable slower on-rates and therefore higher equilibrium
dissociation constants than ITS.

TABLE 6

The kinetic on-rates (k,,), off-rates (k,z), and the equilibrium dissociation

constants (K ;) for all aptamer-target pairs.

Aptamer  Target k,, M~ %s7h koﬂ(s’l) K, @M) R?
T1 T231 (65£0.7) x10°  (9.27 £0.17) x 14 £2 0.98
107
peptide
1T1 Taud41 (9.3 £1.9) x 10° (8.8 +0.2) x 92 0.94
1073
ITle T231 (5.4 £05) x 10* (248 £0.07) x 46 £3 0.99
107
peptide
ITlc Taud41 (5.7 £0.6) x 104 (7.38 £ 0.13) x 13014 0.96
10
T2 T231 (1.05 £ 0.04) x 10° (1.704 = 0.013) x 16.2 £ 0.6 0.93
107
peptide
T2 T231P (1.68 £ 0.16) x 10°  (5.81 £ 0.09) x 343 0.88
1073
peptide
T2 $202 (222 £0.18) x 10° (272 £0.03) x 123 1.0 0.86
107
peptide
T2 Tauddl (1.067 + 0.018) x 10* (5.9 £1.2) x 55+1.1 0.98
107
1T2a T231 (9.5 £05) x 10*  (7.52 £ 0.09) x 79 £ 4 0.93
107
peptide
IT2a T231P (43 £09) x 10°  (3.00 £ 0.14) x 70 = 15 0.88
102
peptide
IT2a $202 (3.37 £0.10) x 10*  (9.15 + 0.08) x 272 £ 8 0.97

peptide

1073
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TABLE 6-continued

28
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The kinetic on-rates (k,,,), off-rates (k

constants (K;) for all aptamer-target pairs.

0,

> and the equilibrium dissociation

Aptamer  Target k,, M~Ls™h koﬂ(s'l) K, (nM) R?
IT2a Taud41 (5.0£04) x 10°  (986=0.16) x 19517 097
107
IT3 T231 (482 £0.10) x 10*  (8.85:0.06) x 18404 089
10~
peptide
IT3 T231P (517 £ 0.17) x 10* (1.624 £ 0.015) x 314 =11 0.95
107
peptide
IT3 Tauddl (639 = 0.17) x 104 (1.09 £0.02) x 170 0.6 099
107
IT4 T231 (6.04 £0.16) x 10* (1.974 £0012) x 32709 094
107
peptide
IT4 Taud41 (2.95 = 0.08) x 10* (1.99 = 0.04) x 68 =2 0.99
1073
ITS T231 (3.14 £ 0.18) x 10°  (L.57 = 0.04) x 5003 096
107
peptide
ITS Taunddl (143 £ 0.08) x 10°  (1.09 £ 0.06) x 76 £06 097
-3
IT6 T231 (7.0 £ 09) x 10° (1.120 = 0.019) x 16«2 0.98
102
peptide
IT6 Tauddl (495 £ 0.16) x 10* (133 +0.03) x 268 = 1.1 0.99
107
IT6a T231 (53:05) x10° (840=0.12) x 15714 099
107
peptide
IT6a Tauddl  (3.58 = 0.07) x 104 (1009 £0.014) x 282 =07 099
1073
IT9 T231 (376 £0.06) x 10*  (6.88=0.17) x 18305 099
10~
peptide
IT9 Tauddl (478 £0.12) x 10*  (1.09£0.03) x 22809 099
107
[0265] While IT1 showed similar binding kinetics toward T231P was almost 2-fold faster than with T231. The differ-

T231 and Taud41, the shorter version of the aptamer IT1c
exhibited a much slower off-rate from Taud41 protein than
from T231 peptide even though ITlc in general showed
slower on-rates and slower off-rates than IT1. On the other
hand, truncation of T2 did not affect the association of the
aptamers with T231 peptide, but the shorter aptamer IT2a
displayed a faster dissociation rate with T231 than IT2. In
fact, the dissociation rates with any of the targets got
increased with [T2a compared to the off-rates with IT2. In
addition, with either IT2 or IT2a, a faster on-rate with T231P
peptide was found in comparison to that of T231. With IT2a,
especially, the on-rate toward T231P is almost 3 times faster
than its on-rate toward T231 and this on-rate is also 2.5-fold
faster than the association of IT2 toward T231P. However,
the association of IT2a to S202 peptide showed an opposite
tendency. The on-rate between T2a and S202 was found
more than 6 times slower than the on-rate between I'T2 and
S202. The above effects indicated that the truncation of IT2
was more beneficial to the recognition of T231P but dete-
riorated the binding affinity toward S202 site. Besides,
though the association of IT2a against Taud41 was almost 50
times faster than IT2, its off-rate was also 60 times faster
than IT2. Overall, the binding affinity of IT2a got weaken by
the truncation. Unlike IT1c and IT2a, the shorter version of
IT6 did not affect the binding kinetics and affinity. 1T6a still
behaved quite the same as 1T6.

[0266] Finally, as shown in Panel B of FIG. 15, aptamer
IT3 recognized both T231 and T231P. The on-rates of [T3 to
both peptides were found quite similar, but the off-rate with

ence on the dissociation rates corresponded to the distinct
peak shifts seen in Panel B of FIG. 15.

Conclusion

[0267] Four phosphorylatable regions from tau protein
and the corresponded phosphorylated peptide fragments
from pathologic tau were used as targets to carry out the
selection for site-specific tau aptamers. One of the aptamers
(IT3) identified overlooked phosphorylation on T231 and
recognized both T231 and T231P. Another one (IT2) could
bind to T231, T231P, and S202, but not S202P. The rest of
the aptamers discovered were highly specific to T231 site
only. We were able to truncate three of the identified
aptamers into shorter versions without appreciable compro-
mise on their binding abilities to targets. All of the tau
aptamers reported here showed high affinity to tau protein.
The dissociation constants of these aptamers against Tau441
protein ranged from 5.5 oM to 68 nM.

Multiplex SELEX for More Phosphorylatable-Site-Specific
Tau Aptamers

[0268] Here we demonstrated the selection of site-specific
aptamers using peptide fragments as targets in the evolution
process. These aptamers selected from peptides still recog-
nize full-length tau protein and exhibit inhibitory effects on
oligomerization and phosphorylation of tau. Since there are
more than 40 phosphorylatable sites on tau protein, a more
comprehensive SELEX involving more phosphorylatable
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sites should be imposed to fully exploit the performance of
aptamers in fighting tauopathy.

Example 2

Inhibitory Effects of Tau Aptamers on Aggregation and
Phosphorylation of Tau

[0269] This example demonstrates the specificity of these
tau aptamers and their inhibitory effects on pathological
features of tau with these selected tau aptamers.

Significance and Background

[0270] Neurofibrillary tangles (NFTs) are aggregates of
hyperphosphorylated tau protein that are known as a hall-
mark of Alzheimer’s disease as well as several other neu-
rondegenerative diseases. The abnormally phosphorylated
tau lesion causes death of neuron cells, resulting in irrevers-
ible and progressive neurodegeneration. Such phenomenon
is termed tauopathy and is as yet incurable. Understanding
the origin and mechanism of tauopathy is a key step to
develop means to delay or even to fight against the progres-
sive neurodegeneration.

[0271] Nucleic acid aptamers are a class of powerful
ligands that interact with their targets through structural
recognition. Development of aptamer-based molecular rec-
ognition tools has become a very promising aspect in terms
of target detection and analysis. Besides target recognitions,
some aptamers could also alter the original functions or
behaviors of their targets after forming the binding complex.
For example, several aptamers were found to up-regulate or
down-regulate the biological pathways associated with the
binding targets,141-145 thus expending the possibility of
utilizing aptamers for mechanistic studies between biologi-
cal elements and even for discovering means to delay or
remedy a malfunction.

[0272] Consequently, here we studied the inhibitory
effects of the site-specific tau aptamers on phosphorylation
and oligomerization of tau.

Materials and Methods

Specificity of the Selected Tau Aptamers Against Taud41
Protein

[0273] Gel electrophoresis was carried out to confirm the
binding specificity between the selected aptamers against
full-length Taud41 protein. S100B, UCH-L1, o casein, {3
casein, BSA, 1gG were used as non-target proteins for
reference. A 10-ul, mixture containing FITC-labeled
aptamer at 200 nM and designated protein at 0.05 mg/mL
was incubated at 4° C. for 30 min before it was loaded onto
a 8% non-denaturing polyacrylamide gel. Electrophoresis
was initially carried out at 70 V for 10 min after introduction
of the samples and then the voltage was increased to 150 V
for 45 min in 1xTBE buffer. Finally, gels were scanned using
a Typhoon Imaging System (Amersham Biosciences).

Induced Aggregation of Taud41 and the Inhibitory Effect of
Tau Aptamer on Tau441 Oligomerization

[0274] Full-length Taud441 protein was purchased from
rPeptide (Bogart, Ga.). To examine the inhibitory effect of
tau aptamers on aggregation of tau, the oligomerization
reaction was performed in the presence of either IT3
aptamer or random sequence. IT3 aptamer (5, 10, or 20 uM)
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or random sequence (20 uM) was pre-incubated with Taud41
(10 uM) for 1 h before the treatment with the aggregation
inducer heparin (Santa Cruz Biotechnology, Dallas, Tex.) (2
mg/mL) for 8 h at 37° C. in the oligomerization buffer (20
mM Tris-HCl, pH 7.4, 1 mM EDTA, 100 mM NaCl, | mM
DTT). The negative control contained only Taud41. The
positive control for observing Tau oligomers was prepared
with Tau441 and heparin without pre-treatment with aptam-
ers. The reaction products were analyzed by reducing SDS-
PAGE followed by immunoblotting with anti-tau antibody,
DAQO.

Delay of Tau Phosphorylation/Oligomerization by Tau
Aptamer in Cellular Models

[0275] The cell model used to demonstrate the induced
hyperphosphorylation/tau oligomerization and the upstream
inhibition of phosphorylation was a human neuroblastoma
cell line, SH-SYSY. A phosphatase inhibitor, okadaic acid,
was used to induce the hyperphosphorylation. In brief, cells
were plated at a density of 2x105 cells per well onto a
24-well plate and incubated for 24 h before co-incubation
with aptamers or random sequence (20 puM, 300 pL) in
serum free DMEM at 37° C. for 4 h. Each of the well was
then supplemented with okadaic acid (final concentration
250 nM) and left at 37° C. for 16 hours. Afterwards, the cells
in each well were collected and lysed by 100 pL lysis buffer
(1% Triton X-100, 1x protease inhibitor, 1% phosphatase
inhibitor, 1 mM DTT) at 4° C. for 1 h. Finally, the reaction
solution was centrifuged at 15,000 rpm for 15 min to remove
the cell debris. The lysate was then submitted to protein
assay. The samples were diluted with assay buffer to nor-
malize the protein concentration and heated at 95° C. for 3
min before loading onto gel for electrophoresis analysis. The
electrophoresis was carried out at 200 V for 45 min. Proteins
were then transferred from gel to PVDF membrane and
stained with immunoblotting.

Results and Discussion

Specificity of the Selected Tau Aptamers Against Taud41
Protein

[0276] The binding specificity of the selected tau aptamers
to full length Taud41 protein was confirmed by non-dena-
turing gel electrophoresis after incubating each FITC-la-
beled aptamer with target tau protein and the non-target
proteins separately. FIGS. 24A through 24G illustrate Gel
electrophoresis of each tau aptamer and its binding complex
with tau protein, according to an embodiment of the dis-
closed invention. S100B, UCH-L1, a. casein, § casein, BSA,
and IgG were used as non-target reference proteins to show
the specificity of tau aptamers. As shown in FIGS. 24A
through 24G, each of the tau aptamer reported here showed
specific binding to Tau441 protein. The aptamers alone
displayed one main band at the lower part of the gel (lane 1).
Some of the sequences also presented subtle upper bands
due to the dimeric or multimeric forms of the oligonucle-
otides. The band representing aptamers disappeared in the
presence of the target Taud41 because the aptamers were
bound to Tau441 and the binding complex migrated much
slower than aptamers alone (lane2). No cross-reactivity was
observed between the aptamers and the non-target proteins,
including S100B (~11 kDa), UCH-L1 (~25 kDa), o casein
(~23 kDa), p casein (~24 kDa), BSA (~66 kDa), and IgG
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(~150kDa) (lane 3-8). In particular, S100B and UCH-L1 are
important references because they are also brain-associated
proteins. S100B (S100 calcium-binding protein B) is a
protein of the S-100 protein family, a group of proteins that
are involved in the regulation of cellular processes such as
cell cycle progression and differentiation. S100 proteins are
present in the cytoplasm and nucleus of a wide range of
cells, but S100B is glial-specific and is mainly expressed by
astrocytes. S100B is found to be a neurite extension factor
as well as a growth factor in the brain.146-149 UCH-L1
(Ubiquitin carboxy-terminal hydrolase L1) is a deubig-
uvitinating enzyme that is required for the maintenance of
axonal integrity. It is extremely abundant in the brain,
making up 1-5% of total neuronal protein.150 The binding
specificity of the aptamers among different proteins was
therefore demonstrated.

Induced Aggregation of Taud41 and the Inhibitory Effect of
Tau Aptamers on Taud441 Oligomerization

[0277] To examine the inhibitory effect of tau aptamer on
formation of tau oligomers, heparin was used to induce tau
oligomerization and aptamer I'T3 was used to counteract the
aggregation effect. In brief, tau protein was incubated with
aptamer or random sequence for 1 h followed by treatment
with heparin for 8 h to form tau oligomers. The reaction
products were then analyzed by reducing SDS-PAGE and
immunoblotting.

[0278] FIG. 25 illustrates immunoblotting image for
examining formation of tau oligomers and the inhibition of
tau aggregation by treatment with aptamers, according to an
embodiment of the disclosed invention. As shown in FIG. 25
(lane 1), tau protein alone without any treatment showed a
clear single band for monomers of tau. The heparin-medi-
ated tau oligomerization products were seen as the smear in
lane 2. When random sequence was preincubated with tau,
the oligomeric assembly of tau induced by heparin was
virtually unaffected even when the concentration of random
sequence was 20 pM high (lane 3). In contrast, IT3 aptamer
gradually reduced the amount of multimeric tau (lane 4-6),
showing the inhibitory effect of the aptamer on formation of
tau oligomer.

Inhibitory Effect of Tau Aptamers on
Phosphorylation/Oligomerization in Living Cells

[0279] To examine the function of tau aptamers in vitro,
the phosphatase inhibitor (okadaic acid) was used to under-
mine the regulation between kinases and phosphatases and
thus induce hyperphosphorylation of tau in living cells. FIG.
26 illustrates immumoblotting image of tau oligomer and the
housekeeping protein p-actin from SH-SY5Y cell lysate,
according to an embodiment of the disclosed invention. The
arrow in FIG. 26 indicated the position of tau oligomers
formed by phosphorylated tau. As shown in lane 1, no
appreciable phosphor-tau oligomer was observed when there
was no treatment. The treatment with okadaic acid indeed
resulted in the oligomerization of tau, and the pre-treatment
with random sequence contributed no apparent effect on
oligomerization of tau. However, when the cells were pre-
incubated with aptamer IT1c or aptamer IT2a, the reduction
in oligomeric tau species was observed, proving that these
two aptamer could function in living cells and bind with tau
protein to prevent it from phosphorylation by kinases. f3-ac-
tin was used as a protein loading control.
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Conclusion

[0280] The tau aptamers tested in this example not only
showed high affinity and specificity toward tau protein but
also demonstrated effective inhibition on heparin-induced
tau oligomerization and formation of phosphor-tau oligom-
ers inside living cells. These results demonstrate the feasi-
bility of using phosphorylatable sites specific tau aptamers
to delay and confine the progression of tauopathy.

[0281] Having described the many embodiments of the
disclosed invention in detail, it will be apparent that modi-
fications and variations are possible without departing from
the scope of the invention defined in the appended claims.
Furthermore, it should be appreciated that all examples in
the present disclosure, while illustrating many embodiments
of the invention, are provided as non-limiting examples and
are, therefore, not to be taken as limiting the various aspects
so illustrated.

[0282] Itisintended that the invention not be limited to the
particular embodiment disclosed herein contemplated for
carrying out this invention, but that the invention will
include all embodiments falling within the scope of the
claims.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 52

<210> SEQ ID NO 1

<211> LENGTH: 66

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide

<400> SEQUENCE: 1

cagcaccgtc aactgaattyg cttggtccte ccoggggttct ggaaaagegt gatgcgatgyg 60

agatgt

<210> SEQ ID NO 2

<211> LENGTH: 66

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 2

66

cagcaccgtc aactgaataa ggactgctta ggattgcgat gattcagggt gatgcgatgyg 60

agatgt

<210> SEQ ID NO 3

<211> LENGTH: 66

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 3

66

cagcaccgtc aactgaatgy ggagagtygt ggggeggggy ceggatcegt gatgegatgy 60

agatgt

<210> SEQ ID NO 4

<211> LENGTH: 66

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
«220> FEATURE:

66
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<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 4

cagcaccgtce aactgaatgg gttggceggyg cagcgggggy taggettggt gatgegatgyg

agatgt

<210>» SEQ ID NO 5

<21l> LENGTH: 66

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 5

cagcaccgtce aactgaatgy cggggggtca ggtcggggta aggtgagegt gatgegatgyg

agatgt

<210> SEQ ID NO 6

<21l> LENGTH: 66

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 6
cagcaccgte aactgaatgt tgtcgtcaga ggttataacce tgaactcggt gatgegatgyg

agatgt

<210> SEQ ID NO 7

<211> LENGTH: 66

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 7

cagcaccgte aactgaattg cggggggtca ggtcggggta aggtgagcegt gatgegatgg
agatgt

<210> SEQ ID NO 8

<211> LENGTH: 55

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 8

ccgtcaactg aattgecttgg tectececggg gttetggaaa agegtgatge gatgg

<210> SEQ ID NO 9

<211> LENGTH: 43

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

«220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 9

ccgtcaacty aattgcttgg tcctcccggg gttcotggaaa age

«210> SEQ ID NO 10

60

66

60

66

60

66

60

66

55

43
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-continued

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 10

gcttggtect ccecggggtte tggaaaagce 29

<210> SEQ ID NO 11

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 11

ttggtcctee cggggttety gaaaa 25

<210> SEQ ID NO 12

<21l> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 12

ctgaataagg actgcttagg attgcgatga ttcag 35

<210> SEQ ID NO 13

<211l> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 13

aaggactgct taggattge 19

<210> SEQ ID NO 14

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 14

tgaataagga ctgcttagga ttgcgatgat tca 33

<210> SEQ ID NO 15

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

«<400> SEQUENCE: 15

gaataaggac tgettaggat tgegatgatt ¢ 31

<210> SEQ ID NO 16

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
«<220> FEATURE:
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<223> OTHER INFORMATION: Synthetic oligonucleotide
<400> SEQUENCE: 16

aataaggact gcttaggatt gcgatgatt

<210> SEQ ID NO 17

<211>» LENGTH: 37

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 17

cagcaccgte aactgaatgy ggagagtygt ggggegy

<210> SEQ ID NO 18

<21l> LENGTH: 56

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 18

cagcaccgte aactgaatgg ggagagtggt ggggeggggyg ceggatcegt gatgeg

<210> SEQ ID NO 19

<21l> LENGTH: 61

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 19

cagcaccgtce aactgaatgg ggagagtggt ggggeggggyg ceggatcegt gatgegatgyg

a

<210> SEQ ID NO 20

<211> LENGTH: 48

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 20

caccgtcaac tgaatgggtt ggcecgggcag cggggggtag gecttggtyg

<210> SEQ ID NO 21

<211> LENGTH: 56

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 21

caccgtcaac tgaatgggtt ggccgggcag cggggggtag gettggtgat gegatg

<210> SEQ ID NO 22

<211> LENGTH: 59

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

29

37

56

60

61

48

56
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<400> SEQUENCE: 22

cagcaccgtce aactgaatgg gttggcceggyg cagcgggggy taggettggt gatgegatyg

<210>» SEQ ID NO 23

<211>» LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 23

ccgtcaacty aatggegggy ggtcaggteyg g

<210> SEQ ID NO 24

<21l> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 24

caccgtcaac tgaatggegyg ggggtcaggt cggggtaagyg tg

<210> SEQ ID NO 25

<211l> LENGTH: 53

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 25

caccgtcaac tgaatggegyg ggggtcaggt cggggtaagyg tgagegtgat geg

<210> SEQ ID NO 26

<211> LENGTH: 48

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 26

caccgtcaac tgaatgttgt cgtcagaggt tataacctga actcggtg

<210> SEQ ID NO 27

<211> LENGTH: 39

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 27

cgtcaactga atgttgtegt cagaggttat aacctgaac

<210> SEQ ID NO 28

«211> LENGTH: 13

«212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic peptide

<400> SEQUENCE: 28

Thr Pro Pro Ala Pro Lys Thr Pro Pro Ser Ser Gly Glu
1 5 10

59

31

42

53

48

39
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<210> SEQ ID NO 29

<211>» LENGTH: 14

<212>» TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 29

Gly Tyr Ser Ser Pro Gly Ser Pro Gly Thr Pro Gly Ser Arg
1 5 10

<210> SEQ ID NO 30

<21l> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 30

Lys Val Ala Val Val Arg Thr Pro Pro Lys Ser Pro Ser
1 5 10

<210> SEQ ID NO 31

<21l> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 31

Glu Ile Val Tyr Lys Ser Pro Val Val Ser Gly Asp Thr Ser Pro Arg
1 5 10 15

His

<210> SEQ ID NO 32

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 32

His His His His His His
1 5

<210> SEQ ID NO 33

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 33

cagcaccgtc aactgaat 18

<210> SEQ ID NO 34

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

«<400> SEQUENCE: 34
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acatctccat cgcatcac

<210> SEQ ID NO 35

<211>» LENGTH: 66

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (19)..(48)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 35
cagcaccgtce aactgaatnhn nnnnnnnnnn NNNNNNNNnNn nnnnnnnngt gatgegatgyg

agatgt

<210> SEQ ID NO 36

<21l> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 36

geggagegtyg gcagg

<210> SEQ ID NO 37

<21l> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 37

aacgagaagc gcgatcacat

<210> SEQ ID NO 38

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 38

cttctgecceg cctecttec

<210> SEQ ID NO 39

<211> LENGTH: 61

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 39

atccagagty acgcagcacc aataaatcta gecggggtat cggtggacac ggtggettag
t

<210> SEQ ID NO 40

<211> LENGTH: 30

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

18

60

66

15

20

19

60

61
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<220> FEATURE:
<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 40

tgettggtee teeceggggtt ctggaaaage

<210> SEQ ID NO 41

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 41

aaggactgct taggattgeyg atgattcagyg

<210> SEQ ID NO 42

<21l> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 42

g999agagtyg gtggggeggg ggecggatec

<210> SEQ ID NO 43

<211l> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 43

gggttggecg ggcagegggg ggtaggettg

<210> SEQ ID NO 44

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 44

ggeggggggt caggtegggg taaggtgage

<210> SEQ ID NO 45

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 45

gttgtcgtca gaggttataa cctgaactceg

<210> SEQ ID NO 46

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

«<400> SEQUENCE: 46

30

30

30

30

30

30
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gggggetygcet taggattgeg gttgtttgtyg

<210> SEQ ID NO 47

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 47

tgggagagtg gtggggeggy ggcecggatcec

<210> SEQ ID NO 48

<21l> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 48

tgeggggggt caggtegggg taaggtgage

<210> SEQ ID NO 49

<21l> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 49

gaggactgct taggattgeg atgattcagg

<210> SEQ ID NO 50

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 50

taaggactgc ttaggattgce

<210> SEQ ID NO 51

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 51

caactgaatyg gcggggggte aggtegy

<210> SEQ ID NO 52

<21l> LENGTH: 55

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 52

gcaccgtcaa ctgaatggcy gggggtcagy teggggtaay gtgagcegtga tgcga

30

30

30

30

20

27

55
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1. A DNA aptamer comprising a nucleic acid sequence
that is capable of specifically binding to a tau protein at a
phosphorylatable site of the tau protein; wherein the nucleic
acid sequence comprises 66 nucleotides and is selected from
the group consisting of SEQ ID NO: 1, SEQ ID NO: 2, SEQ
ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6,
and SEQ ID NO: 7.

2. A DNA aptamer comprising a nucleic acid sequence
that is capable of specifically binding to a tau protein at a
phosphorylatable site of the tau protein; wherein the nucleic
acid sequence is selected from the group consisting of SEQ
ID NO: 8, SEQID NO: 9, SEQ ID NO: 10, and SEQ ID NO:
11; and wherein the nucleic acid sequence is a truncated
fragment of a nucleic acid sequence set forth in SEQ ID NO:
L.

3. A DNA aptamer comprising a nucleic acid sequence
that is capable of specifically binding to a tau protein at a
phosphorylatable site of the tau protein; wherein the nucleic
acid sequence is selected from the group consisting of SEQ
ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO:
15, and SEQ ID NO: 16; and wherein the nucleic acid
sequence is a truncated fragment of a nucleic acid sequence
set forth in SEQ ID NO: 2.

4. A DNA aptamer comprising a nucleic acid sequence
that is capable of specifically binding to a tau protein at a
phosphorylatable site of the tau protein; wherein the nucleic
acid sequence is selected from the group consisting of SEQ
ID NO: 17, SEQ ID NO: 18, and SEQ ID NO: 19; and
wherein the nucleic acid sequence is a truncated fragment of
a nucleic acid sequence set forth in SEQ ID NO: 3.

5. A DNA aptamer comprising a nucleic acid sequence
that is capable of specifically binding to a tau protein at a
phosphorylatable site of the tau protein; wherein the nucleic
acid sequence is selected from the group consisting of SEQ
ID NO: 20, SEQ ID NO: 21, and SEQ ID NO: 22; and
wherein the nucleic acid sequence is a truncated fragment of
a nucleic acid sequence set forth in SEQ ID NO: 4.

6. A DNA aptamer comprising a nucleic acid sequence
that is capable of specifically binding to a tau protein at a
phosphorylatable site of the tau protein; wherein the nucleic
acid sequence is selected from the group consisting of SEQ
ID NO: 23, SEQ ID NO: 24, and SEQ ID NO: 25; and
wherein the nucleic acid sequence is a truncated fragment of
a nucleic acid sequence set forth in SEQ ID NO: 5.

7. A DNA aptamer comprising a nucleic acid sequence
that is capable of specifically binding to a tau protein at a
phosphorylatable site of the tau protein; wherein the nucleic
acid sequence is selected from the group consisting of SEQ
ID NO: 26 and SEQ ID NO: 27; and wherein the nucleic acid
sequence is a truncated fragment of a nucleic acid sequence
set forth in SEQ ID NO: 6.

8. A composition comprising a DNA aptamer that is
capable of specifically binding to a tau protein at a phos-
phorylatable site of the tau protein, wherein the DNA
aptamer comprises a nucleic acid sequence comprising 66
nucleotides and is selected from the group consisting of SEQ
ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4,
SEQ ID NO:5, SEQ ID NO: 6, and SEQ ID NO: 7.

9. The composition of claim 8, further comprising a
pharmaceutically acceptable carrier or salt.

10. A composition comprising a DNA aptamer that is
capable of specifically binding to a tau protein at a phos-
phorylatable site of the tau protein, wherein the DNA
aptamer comprises a nucleic acid sequence selected from the
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group consisting of SEQ 1D NO: 8, SEQ ID NO: 9, SEQ ID
NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13,
SEQ IDNO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID
NO: 17, SEQ ID NO: 18, SEQ ID NO: 19, SEQ ID NO: 20,
SEQ IDNO: 21, SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID
NO: 24, SEQ ID NO: 25, SEQ ID NO: 26, and SEQ ID NO:
27.

11. The composition of claim 8, further comprising a
pharmaceutically acceptable excipient.

12. Akit for testing the presence or progression of various
tauopathy diseases comprising a DNA aptamer and a tau-
binding antibody, wherein the DNA aptamer that is capable
of specifically binding to a tau protein at a phosphorylatable
site of the tau protein.

13. The kit of claim 12, wherein the DNA aptamer
comprises a nucleic acid sequence selected from the group
consisting of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO:
3, SEQ ID NO: 4, SEQ 1D NO:5, SEQ ID NO: 6, SEQ ID
NO: 7, SEQID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ
ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO:
14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ
ID NO: 18, SEQ ID NO: 19, SEQ ID NO: 20, SEQ ID NO:
21, SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24, SEQ
ID NO: 25, SEQ ID NO: 26, and SEQ ID NO: 27.

14. The kit of claim 13, wherein the tau-binding antibody
is a mouse monoclonal or a rabbit or goat polyclonal
antibody.

15. The kit of claim 13, wherein the kit comprises two or
more DNA aptamers.

16. A DNA aptamer conjugate comprising:

a signaling moiety conjugated to a DNA aptamer that is
capable of binding to a tau protein at a phosphorylat-
able site of the tau protein,

wherein the DNA aptamer comprises a nucleic acid
sequence selected from the group consisting of SEQ ID
NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQID NO: 4,
SEQ IDNO:5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID
NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO:
11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14,
SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17,
SEQ ID NO: 18, SEQ ID NO: 19, SEQ ID NO: 20,
SEQ ID NO: 21, SEQ ID NO: 22, SEQ ID NO: 23,
SEQ ID NO: 24, SEQ ID NO: 25, SEQ 1D NO: 26, and
SEQ ID NO: 27.

17. The DNA aptamer conjugate of claim 16, wherein the
signaling moiety is a reporter molecule selected from the
group consisting of a molecular beacon, fluorescent tag, and
a radioisotope for positron emission tomography (PET),
single-photon emission computed tomography (SPECT),
and/or contrast-agent-based MRI.

18. The DNA aptamer conjugate of claim 16, wherein the
DNA aptamer is conjugated with Quencher Q and fluoro-
phore F.

19. A DNA aptamer conjugate comprising:

a DNA aptamer that is capable of specifically binding to

a tau protein at a phosphorylatable site of the tau
protein, and an azido-containing cell penetrating pep-
tide linked to the DNA aptamer,

wherein the DNA aptamer comprises a nucleic acid
sequence selected from the group consisting of SEQ ID
NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQID NO: 4,
SEQ IDNO:5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID
NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO:
11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14,
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SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17,
SEQ ID NO: 18, SEQ ID NO: 19, SEQ ID NO: 20,
SEQ ID NO: 21, SEQ ID NO: 22, SEQ ID NO: 23,
SEQ ID NO: 24, SEQ ID NO: 25, SEQ ID NO: 26, and
SEQ ID NO: 27.

20. The DNA aptamer conjugate of claim 19, wherein the
azido-containing cell penetrating peptide is azido-TAT.

21. A method of detecting the presence or progression of
tauopathy disease comprising measuring binding of a DNA
aptamer to a phosphorylated tau protein, a non-phosphory-
lated tau, or a total tau protein in a biosample obtained from
a subject, thereby determining a level of tau and phosphor-
tau in the biosample, wherein the level of tau and phosphor-
tau indicates whether a tauopathy disease is present.

22. The method of claim 21, wherein the biosample is
selected from blood, CSF other biofluid and brain tissue
lysate that is obtained from the subject.

23. The method of claim 21, wherein the subject has
Alzheimer’s disease and/or chronic traumatic encephalopa-
thy.

24. A method for cell-based imaging of phosphorylated
tau, non-phosphorylated tau, and/or total tau in a cell com-
prising:

introducing a DNA aptamer conjugate into a cell in a cell

culture medium; and

detecting the binding of the DNA aptamer conjugate to a

tau protein in the cell;

wherein the DNA aptamer conjugate comprises a modi-

fied DNA aptamer that is linked with an azido-contain-
ing cell penetrating peptide;

wherein the modified DNA aptamer is capable of specifi-

cally binding to a tau protein at a phosphorylatable site
of the tau protein; and

wherein the DNA aptamer comprises a nucleic acid

sequence selected from the group consisting of SEQ ID
NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4,
SEQ ID NO:5, SEQID NO: 6, SEQ ID NO: 7, SEQ ID
NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO:
11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14,
SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17,
SEQ ID NO: 18, SEQ ID NO: 19, SEQ ID NO: 20,
SEQ ID NO: 21, SEQ ID NO: 22, SEQ ID NO: 23,
SEQ ID NO: 24, SEQ ID NO: 25, SEQ ID NO: 26, and
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wherein the DNA aptamer comprises a nucleic acid
sequence selected from the group consisting of SEQ ID
NO: 1, SEQ IDNO: 2, SEQ ID NO: 3, SEQID NO: 4,
SEQ IDNO:S, SEQID NO: 6, SEQ ID NO: 7, SEQ ID
NO: §, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO:
11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14,
SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17,
SEQ ID NO: 18, SEQ ID NO: 19, SEQ ID NO: 20,
SEQ ID NO: 21, SEQ ID NO: 22, SEQ ID NO: 23,
SEQ IDNO: 24, SEQ ID NO: 25, SEQ ID NO: 26, and
SEQ ID NO: 27.

27. The method of claim 26, wherein the composition is

delivered into the subject systemically by injection.

28. The method of claim 26, wherein the composition is

regionally injected into the brain of the subject.

29. A method for in vivo imaging of phosphorylated tau,

non-phosphorylated tau, and/or total tau in a subject com-
prising:

delivering a composition comprising a DNA aptamer
conjugate into a subject in need thereof; and

detecting the binding of the DNA aptamer conjugate to a
tau protein in the subject;

wherein the DNA aptamer conjugate comprises a DNA
aptamer conjugated to a moiety, wherein the moiety is
a reporter molecule which can be a molecular beacon,
fluorescent tag, a radioisotope for positron emission
tomography (PET), single-photon emission computed
tomography (SPECT), and/or contrast-agent-based
MRI; and

wherein the DNA aptamer comprises a nucleic acid
sequence selected from the group consisting of SEQ ID
NO: 1, SEQ ID NO: 2. SEQ ID NO: 3, SEQ ID NO: 4,
SEQ IDNO:5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID
NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO:
11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14,
SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17,
SEQ ID NO: 18, SEQ ID NO: 19, SEQ ID NO: 20,
SEQ ID NO: 21, SEQ ID NO: 22, SEQ ID NO: 23,
SEQ ID NO: 24, SEQ ID NO: 25, SEQ ID NO: 26, and
SEQ ID NO: 27.

30. A method for treating a progression of tauopathy

SEQ ID NO: 27.
25. The method of claim 24, wherein the azido-containing
cell penetrating peptide is azido-TAT.
26. A method for in vivo imaging of phosphorylated tau,
non-phosphorylated tau, and/or total tau in a subject com-
prising:
delivering a composition comprising a DNA aptamer
conjugate into a subject in need thereof; and
detecting the binding of the DNA aptamer conjugate to a
tau protein in the subject;
wherein the DNA aptamer conjugate comprises a modi-
fied DNA aptamer that is linked with an azido-contain-
ing cell penetrating peptide; and

associated neurodegenerative disorder comprising adminis-
tering to a subject in need thereof a composition comprising
a therapeutically effective amount of a DNA aptamer that is
capable of binding to a tau protein at a phosphorylatable site
of the tau protein, wherein when the DNA aptamer binds to
a tau protein, the DNA aptamer is capable of inhibiting tau
phosphorylation and tau protein oligomerization and/or
aggregation in the brain of the subject.

31. The method of claim 30, wherein the subject has
Alzheimer’s disease and/or chronic traumatic encephalopa-
thy.
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