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[Figure 1]

[Figure 2]
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[Figure 3]
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[Figure 7]

[Figure 8]




Patent Application Publication  Apr. 23,2020 Sheet 7 of 19 US 2020/0124596 A1

[Figure 9]
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[Figure 13]

-~ 50nm gold nanospheres

S w0 AR 1.73 gold nanorods
\\j

= AR, 3.59 goid nanorods

o5 a0 o A S5
PR

Scatieringf{a. u.}

g’-g L) E 3 1 | s
300 400 800 BOO FGD O 3G
Wavelength

[Figure 14]

Soren v AudiPs
PEGyIed onn AuliPs
Shugimt andibody binding

Mormatived shsorbante

o 306 400 30 800
Wavelsngth {nm}



Patent Application Publication

Rayleigh light scattering (a.u.)

Apr. 23,2020 Sheet 10 of 19  US 2020/0124596 A1

FIG. 15

—— 50nm bare AuNPs
= = =~ After SAM
- -+ After Ab binding

300 400

500 600 700 800 900

Wavelength (nm)



Patent Application Publication  Apr. 23,2020 Sheet 11 of 19  US 2020/0124596 A1

[Figure 16]
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BIOSENSOR FOR DIAGNOSING
ALZHEIMER’S DISEASE USING RAYLEIGH
SCATTERING AND COLORIMETRIC ASSAY

OF GOLD NANOPARTICLE AND
MULTI-DETECTION METHOD USING THE

BIOSENSOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation in part of U.S.
patent application Ser. No. 15/971,688 filed on May 4, 2018,
the entire disclosure of which is incorporated herein by
reference for all purposes.

TECHNICAL FIELD

[0002] The present invention relates to a biosensor for
diagnosing Alzheimer’s disease using Rayleigh scattering
and colorimetric assay of a gold nanoparticle and a multi-
detection method using the biosensor. and more particularly,
to a nanoplasmonic sensor recognizing Af 1-40, AR 1-42,
and T protein, which are Alzheimer’s disease onset markers
that are present in blood, and a multi-detection method of
Alzheimer’s disease using the sensor.

BACKGROUND ART

[0003] Alzheimer’s disease has histological features of
amyloid plaque and neurofibrillar tangle at the hippocampus
and cortex, and is a degenerative disease that weakens social
function of a patient by exacerbating cognitive disorder
affecting the patient’s memory. Alzheimer’s disease is a type
of disease that has slow a disease progression rate, but the
disease progresses above a certain level is not able to be
remissible, and thus early diagnosis is very important. To
date, diagnostic methods include brain imaging, cognitive
testing, and examination through cerebrospinal fluid, etc.
However, these methods are applicable only after symptoms
of Alzheimer’s disease are manifested, which is insufficient
for early diagnosis. In addition, a lot of economic cost for
diagnosis is required, and it is accompanied by an operative
method, and thus the risk is very high. Therefore, it is
important to develop a simple method for early diagnosis of
Alzheimer’s disease, and thus, there is an urgent need to
develop a highly sensitive diagnostic method for detecting a
trace amount of onset biomarker present in blood.

[0004] Currently, a material that is considered as the most
important indicator as a causative agent in pathogenesis of
Alzheimer’s disease includes Ap 1-40, AP 1-42 peptide, and
T protein, etc.

[0005] The beta-amyloid peptide is produced by cleaving
an amyloid precursor protein by beta-secretase and gamma-
secretase. Thus, as activity of these enzymes increases, the
production of beta-amyloid peptide increases, which is
closely related to Alzheimer’s disease. However, if the
alpha-secretase which cleaves an intermediate region of the
beta-amyloid peptide increases its activity, the production of
beta-amyloid peptide rather decreases. Alpha-secretase pre-
dominates in normal subjects and prevents amyloid beta
cleavage by beta-secretase. When these beta-amyloid pep-
tides accumulate in the brain, large amounts of reactive
oxygen are produced, causing oxidative damage and causing
death of nerve cells. In addition, beta-amyloid peptide
causes excessive accumulation of intracellular calcium,
causing cell death due to excitotoxicity. The death of nerve
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cells due to the beta-amyloid peptides, particularly, cell
death in hippocampus, a region associated with memory,
induces memory loss, which is a typical symptom of demen-
tia. A major plaque component of beta-amylase produced by
sequential cleavage by the secretase is known as isoform of
AP 1-42 peptide involved in formation of neurotoxic oli-
gomer and plaque formation in an onset mechanism of
Alzheimer’s disease.

[0006] Recently, it has been reported that in addition to
beta-amyloid, T protein has an abnormal structure and forms
an inclusion body, which causes degenerative brain disease.
It is known that the T protein is necessary to stabilize
microtubules like a connecting steel of a railroad. As the t
protein accumulates excessively, the microtubules collapse
and a network of normal nerve cells breaks down. A cause
of accumulation of the © protein is that phosphorus is
excessively attached to the T protein to form a polymer due
to phosphorylation, and a disease caused by accumulation of
the t protein and aggregation of nerve cells is called Topathy
and has been indicated as a cause of various degenerative
brain diseases.

[0007] Meanwhile, recently, biosensor technology has
focused on development of non-labeling measurement tech-
nology that does not use a labeling material, and typically
includes a method of using a surface plasmon resonance
phenomenon occurring on a metal surface (R. Q. DUAN et
al., Neoplasma, 59(3):348, 2012; Wei Zhou et al., Interna-
tional Journal of Nanomedicine, 6:381, 2011), a method of
measuring a change in refractive index of light due to
bending phenomenon of a cantilever which is a three-
dimensional microstructure (Balle, M K. et al., Ultramicros-
copy, 82; 1, 2000), a method of measuring a change in
resonance frequency of crystals according to a change in
mass of biomolecules (Marx, K A., Biomacromolecules, 4;
1099, 2003), a method of measuring an electric field effects
based on semiconductor process (Yuqing, M. et al., Bio-
technol. Adv., 21; 527, 2003), and an electrochemical mea-
surement method (Hanahan, G. et al., J. Environ. Monit., 6;
657, 2004; Sang Hee Han et al., Analytica Chimica Acta,
665:79, 2010), etc.

[0008] Among them, the localized surface plasmon reso-
nance (LSPR) method is able to quantitatively detect a
reaction without complicated pre-purification and labeling
processes, and thus it has been used in a number of studies
on interaction between biomolecules immobilized on a
surface. In the LSPR method, when light having various
wavelengths is irradiated to a material having a localized
surface such as a metal nanoparticle, unlike a bulk metal,
polarization is generated on a surface of the metal nanopar-
ticle, and a peculiar characteristic that intensity of the
electric field is increased is shown. LSPR optical property is
sensitive to a change in dielectric constant (refractive index)
generated near the nanoparticle. This change in dielectric
constant (refractive index) may be used to detect adsorption
between biomolecules. For the past several decades, various
biomolecule interaction analyses have been performed
based on the optical properties of the LSPR to measure
biomaterial concentration, thickness, and binding reaction
rate data for a particular biochemical analyte, including
antigen/antibody, ligand/receptor, protein/protein reaction,
and DNA hybridization.

[0009] Therefore, the present inventors have made inten-
sive efforts to develop a novel multiple detection platform
capable of early diagnosis of Alzheimer’s disease, and as a
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result, confirmed that A 1-40, Ap 1-42, and T protein,
which are three markers of Alzheimer’s disease onset that
are present in blood, could be detected using a nanoplas-
monic sensor, and completed the present invention.

RELATED ART DOCUMENT
(Patent Document 1) Korean Patent No. 10-1003124
DISCLOSURE

Technical Problem

[0010] An object of the present invention is to provide a
method for diagnosing Alzheimer’s disease using Rayleigh
scattering and colorimetric assay of a plasmonic sensor
based on a gold nanoparticle to which an antibody is
immobilized, and a biosensor for diagnosing Alzheimer’s
disease.

Technical Solution

[0011] In order to achieve the foregoing objects, the pres-
ent invention provides a method for diagnosing Alzheimer’s
disease comprising (A) contacting a sample separated from
a specimen with a plasmonic sensor based on a gold nano-
particle to which an antibody or an aptamer specific to a
target protein of which expression is specifically increased
or decreased in Alzheimer’s patient is immobilized, thereby
inducing a binding between the target protein and the
antibody or the aptamer; (B) measuring light scattering
spectrum according to the binding; and (C) determining
whether or not Alzheimer’s disease occurs through analysis
of maximum wavelength mobility (Amax) obtained from the
spectrum.

[0012] The present invention also provides a biosensor for
detecting Alzheimer’s disease in which an antibody or an
aptamer of at least one target protein selected from the group
consisting of Af 1-40 peptide, AP 1-42 peptide, and T
protein is immobilized to a gold nanoparticle.

DESCRIPTION OF DRAWINGS

[0013] FIG. 1 shows an HR-TEM image of a 50 nm-sized
circular gold nanoparticle produced in Example 1-1.
[0014] FIG. 2 shows an HR-TEM image of a rod-shaped
gold nanoparticle having an aspect ratio of 1.73 and pro-
duced in Example 1-2.

[0015] FIG. 3 shows an HR-TEM image of a rod-shaped
gold nanoparticle having an aspect ratio of 3.59 and pro-
duced in Example 1-3.

[0016] FIG. 4 shows UV-Vis spectrum of the 50 nm-sized
circular gold nanoparticle produced in Example 1-1.
[0017] FIG. 5 shows UV-Vis spectrum of the rod-shaped
gold nanoparticle having an aspect ratio of 1.73 and pro-
duced in Example 1-2.

[0018] FIG. 6 shows UV-Vis spectrum of the rod-shaped
gold nanoparticle having an aspect ratio of 3.59 and pro-
duced in Example 1-3.

[0019] FIG. 7 shows a dark field image of the 50 nm-sized
circular gold nanoparticle produced in Example 1-1 exposed
at 1000 times magnification.

[0020] FIG. 8 shows a dark field image of the rod-shaped
gold nanoparticle having an aspect ratio of 1.73 produced in
Example 1-2 exposed at 1000 times magnification.
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[0021] FIG. 9 shows a dark field image of the rod-shaped
gold nanoparticle having an aspect ratio of 3.59 produced in
Example 1-3 exposed at 1000 times magnification.

[0022] FIG. 10 shows an HR-TEM image of a mixture in
which the 50 nm-sized circular gold nanoparticle, the rod-
shaped gold nanoparticle having an aspect ratio of 1.73, and
the rod-shaped gold nanoparticle having an aspect ratio of
3.59 are mixed.

[0023] FIG. 11 shows UV-Vis spectrum of the mixture in
which the 50 nm-sized circular gold nanoparticle, the rod-
shaped gold nanoparticle having an aspect ratio of 1.73, and
the rod-shaped gold nanoparticle having an aspect ratio of
3.59 are mixed.

[0024] FIG. 12 shows a dark field image of a mixture in
which the 50 nm-sized circular gold nanoparticle, the rod-
shaped gold nanoparticle having an aspect ratio of 1.73, and
the rod-shaped gold nanoparticle having an aspect ratio of
3.59 are mixed.

[0025] FIG. 13 shows localized surface plasmonic reso-
nance spectrum of the mixture in which the 50 nm-sized
circular gold nanoparticle, the rod-shaped gold nanoparticle
having an aspect ratio of 1.73, and the rod-shaped gold
nanoparticle having an aspect ratio of 3.59 are mixed.
[0026] FIG. 14 shows UV-Vis change spectrum shown for
each step in binding PEG and an antibody to the circular
gold nanoparticle.

[0027] FIG. 15 shows LSPR light scattering shift spectrum
shown for each step in binding PEG and an antibody to the
circular gold nanoparticle.

[0028] FIG. 16 shows the LSPR A, . shift of shape-code
plasmon biosensors for the independent detection of AP
1-40, Af 1-42 and 7 protein.

[0029] FIG. 17A shows linear regression of the calibration
curve describing the relationship between the LSPR A, .
shifts and Ap 1-40, AP 1-42 and T protein concentrations;
and FIG. 17B shows detection of Ap 1-40, Ap 1-42 and T
protein at concentrations ranging from 10 fM to 10° fM
using mimic plasma.

[0030] FIG. 18 shows a detection amount of Ap 1-42
according to a concentration of a chaotropic solvent.
[0031] FIG. 19 shows a detection amount of T protein
according to the concentration of the chaotropic solvent.
[0032] FIG. 20 shows a detection amount of Af 1-40
according to the concentration of the chaotropic solvent.
[0033] FIG. 21A shows detection of control (Af 1-40, A
1-42 and pure plasma) and T protein at concentrations
ranging from 101 fM to 108 fM in plasma; and FIG. 21B
shows linear regression of the calibration curve describing
the relationship between the LSPR A, . shifts and © protein
concentrations.

[0034] FIG. 22 shows LSPR A, shifts of nanoplasmonic
biosensor for detecting T protein in cognitive normal control
and AD patients’ blood samples (Patient No. 1-5) combined
with 6M Gua-HCL.

BEST MODE

[0035] Unless defined otherwise, all the technical and
scientific terms used herein have the same meanings as those
generally understood by persons skilled in the art to which
the present invention pertains. In general, nomenclature used
in the present specification is well known and generally used
in the present technical field.
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[0036] The present invention relates to a nanoplasmonic
biosensor for diagnosing Alzheimet’s disease capable of
simultaneously detecting Alzheimer’s disease onset mark-
ers.

[0037] In the present invention, taking into account the
fact that 500 ml of cerebrospinal fluid flows into blood every
day, and an onset mechanism of Alzheimer’s disease occur-
ring in the brain is fully reflected in the blood, it has been
attempted to develop a nanoplasmonic biosensor capable of
simultaneously detecting the Alzheimer’s disease onset
markers in a blood sample.

[0038] In the present invention, each antibody or aptamer
that binds to Alzheimer’s disease onset marker, Ap 1-40
(beta-amyloid 40) peptide, Ap 1-42(beta-amyloid 42) pep-
tide, or t(tau) protein was immobilized to a circular gold
nanoparticle, or rod-shaped gold nanoparticles each having
an aspect ratio of 1.73 and an aspect ratio of 3.59, and the
distinguished optical and visual characteristics of the gold
nanoparticles were used to confirm the Alzheimer’s disease
onset markers. The gold nanoparticles having different
shapes and sizes are able to perform colorimetric analysis
through surface resonance plasmonic spectrum showing
different maximum wavelengths and dark field image. At
this time, the antibody or the aptamer of the onset marker
was connected by treating heterofunctional polyethylene
glycol (SH-PEG-COOH) with the gold nanoparticles. By
using the fact that resonance occurs in a larger wavelength
region when the gold nanoparticles bind to the onset marker,
whether the corresponding onset marker is present was
confirmed through a change in spectrum of the nanoparticle
that binds to the antibody or the aptamer of the specific onset
marker. Meanwhile, it was confirmed that it was possible to
quantify the onset marker by standardizing maximum wave-
length mobility that occurred when an artificially synthe-
sized marker was applied to a sensor, and thus it was found
that the nanoplasmonic biosensor of the present invention
was able to detect the Alzheimer’s disease onset marker with
very high sensitivity and accuracy.

[0039] Accordingly, in an aspect, the present invention
provides a method for diagnosing Alzheimer’s disease com-
prising (A) contacting a sample separated from a specimen
with a plasmonic sensor based on a gold nanoparticle to
which an antibody or an aptamer specific to a target protein
of which expression is specifically increased or decreased in
Alzheimer’s patient is immobilized, thereby inducing a
binding between the target protein and the antibody or the
aptamer; (B) measuring light scattering spectrum according
to the binding; and (C) determining whether or not Alzheim-
er’s disease occurs through analysis of maximum wave-
length mobility (AAmax) obtained from the spectrum.
[0040] Inthe present invention, the sample may be utilized
as long as it is a body fluid discharged from a human body,
and it is particularly preferable that the sample is blood in
view of the fact that the cerebrospinal fluid flows into the
blood.

[0041] In the present invention, the target protein may be
one or more selected from the group consisting of AP
1-40(beta-amyloid 40) peptide, AP 1-42(beta-amyloid 42)
peptide, and t(tau) protein, but is not limited thereto.
[0042] In the present invention, non-limiting examples of
the antibody or the aptamer specific to Af 1-40(beta-amy-
loid 40) peptide include anti-beta amyloid 1-40 antibody
(abcam, ab20068), anti-beta amyloid 1-40 antibody (abcam,
ab12265), beta amyloid (1-40) polyclonal antibody (Invit-
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rogen, 44-136), beta amyloid (1-40) polyclonal antibody
(Invitrogen, 44-348A), A beta 40 antibody (Novus bio,
NB30-225SS), anti-amyloid beta 1-40 antibody (QED Bio-
science Inc., 57002), anti amyloid beta (1-40) (OriGene
Technologies, DM410-05), amyloid beta peptide 1-40 (Ab1-
40) antibody (Abbexa Ltd., abx132222), anti-amyloid beta
peptide 1-40 antibody (MyBioSoirce.com, MBS2099585),
and amyloid beta (1-40/42) antibody (Biorbyt, orb26764).
[0043] In the present invention, non-limiting examples of
the antibody or the aptamer specific to ©(tau) protein include
tau monoclonal antibody (HT7) (Invitrogen, MN1000), tau
antibody (TAU-5) (santa cruz, sc-58860), tau, total (TAU-5)
(alzforum, MAB361), tau antibody (TAU-5) (novus, nb200-
514), and tau monoclonal antibody (TAU-5) (absolute anti-
body).

[0044] In the present invention, non-limiting examples of
the antibody or the aptamer specific to AP 1-42(beta-amy-
loid 42) peptide include anti-beta amyloid 1-42 antibody
(Sigma-Aldrich, AB5078P), anti-beta amyloid 1-42 anti-
body (Abcam, ab12267), anti-beta amyloid 1-42 antibody
(Abcam, ab10148) anti-beta amyloid 1-42 antibody (Biole-
gend, Previously Covance catalog # SIG-39142), anti-beta
amyloid 1-42 antibody (Merck (Millipore), AB5078P), and
anti-beta amyloid 1-42 antibody (Arigo, ARG11044).
[0045] 1In the present invention, the gold nanoparticle may
differ in shape and/or size depending on a type of antibody
or aptamer that is immobilized. In other words, by producing
and using gold nanoparticles having different shapes and/or
sizes as the number of antibodies or aptamers that bind to
each of a plurality of target proteins, various target proteins
may be simultaneously detected and thus accuracy of diag-
nosis of Alzheimer’s disease is improved.

[0046] In the present invention, the binding between the
target protein and the antibody or the aptamer may be
induced in a reaction sample containing a chaotropic sol-
vent, thereby complementing a decrease in detection due to
binding between an onset marker present in blood and other
proteins. In this case, since the chaotropic solvent has a
property of weakening a non-covalent bond between mol-
ecules by interfering with arrangement of water molecules
present in a solvent, when added to blood, it serves to
increase sensitivity of Alzheimer’s disease onset marker.

[0047] In the present invention, the binding between the
target protein and the antibody or the aptamer may be
induced in a reaction sample containing a chaotropic sol-
vent.

[0048] In addition, in the present invention, before induc-
ing a binding between the target protein and the antibody or
the aptamer, the blood may be pretreated with a solution
containing a chaotropic solvent.

[0049] In the present invention, the chaotropic solvent
may be any one selected from the group consisting of
guanidine hydrochloride, guanidine thiocyanate, potassium
thiocyanate, and sodium trichloroacetate, but is not limited
thereto.

[0050] In the present invention, the chaotropic solvent for
detection of AP 1-42 is preferably 5M to 7M guanidine
hydrochloride or 2M to 5M guanidine thiocyanate, but is not
limited thereto.

[0051] In the present invention, the chaotropic solvent for
detection of T protein is preferably SM to 8M guanidine
hydrochloride, more preferably about 6M, or 3.5M to 5.5M
guanidine thiocyanate, but is not limited thereto.
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[0052] In the present invention, the chaotropic solvent for
detection of Ap 1-40 is preferably 0.5-3M potassium thio-
cyanate, 0.5-3M guanidine thiocyanate or 2-8M guanidine
hydrochloride, but is not limited thereto.

[0053] In the present invention, the chaotropic solvent for
detection of T protein and AP 1-40 is preferably SM to 8M
guanidine hydrochloride

[0054] In the present invention, the maximum wavelength
mobility (i.e. LSPR % shift) may be represented by a
concentration of an onset factor that binds to a surface of the
plasmonic sensor.

[0055] Meanwhile, the present invention also provides a
biosensor for detecting Alzheimer’s disease in which an
antibody or an aptamer of at least any one target protein
selected from the group consisting of Af 1-40 peptide, AP
1-42 peptide, and T protein is immobilized to a gold nano-
particle.

[0056] In the present invention, the gold nanoparticle may
differ in shape and/or size depending on a type of the
antibody or the aptamer immobilized thereto.

[0057] Inthe present invention, an average particle size of
the gold nanoparticle is preferably 10 to 150 nm, and more
preferably 40 to 130 nm. Meanwhile, when the gold nano-
particle has a circular shape, a diameter is preferably 40 to
60 nm, and more preferably about 50 nm, and when the gold
nanoparticle has a rod shape, an aspect ratio is preferably 1
to 5, and more preferably 1.6 to 3.7.

[0058] Hereinafter, the present invention will be described
in detail with reference to the following Examples. How-
ever, the following examples are only for exemplifying the
present invention, and it will be obvious to those skilled in
the art that the scope of the present invention is not con-
strued to be limited to these examples.

Example 1 Production of Gold Nanoparticle

[0059] In order to produce a nanoplasmonic biosensor
based on the surface plasmon resonance phenomenon of the
present invention, a 50 nm-sized circular gold nanoparticle,
a rod-shaped gold nanoparticle having an aspect ratio of
1.73, and a rod-shaped gold nanoparticle having an aspect
ratio of 3.59 were synthesized by a method known in the art
(i.e. wet synthesis), and materials used in the synthesis were
purchased from Sigma Aldrich (USA).

[0060] 1-1. Production of 50 nm-Sized Circular Gold
Nanoparticle
[0061] 10 ml of 0.1M HAuCl, and 9.9 ml of sterilized

water were mixed in a 20 ml vial and heated at 200° C. while
stirring at 1000 to 1500 rpm until boiling. 1 ml of 0.04M
sodium citrate was added to the boiled gold aqueous solu-
tion, and when the yellow aqueous solution was changed to
wine color, the solution was maintained for 5 minutes and
then stirred at 1150 rpm at room temperature. After the
reaction was completed, the solution was filtered by a 0.2 pl
filter to remove an aggregated product, and a size and a
shape were measured by using a high resolution transmis-
sion electron microscopy (HR-TEM, jJEOL JEM-3011) and
a UV/VIS spectrophotometer (UV/VIS 3600, Shimadzu).
[0062] 1-2. Production of Rod-Shaped Gold Nanoparticle
Having Aspect Ratio of 1.73

[0063] For a gold nanoparticle seed solution, 5 ml of 0.5
mM HAuCl, and 5 ml of 0.2 M CTAB were mixed, and 1
ml of 0.006 M NaBH, was added. The Au(Ill)-CTAB
aqueous solution was stirred at 1200 rpm. The seed solution
was used after a color of the solution was changed from
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yellow to yellowish brown, and the seed solution was aged
at room temperature for 30 minutes before use.

[0064] For a growth solution, 1.4 g of CTAB and 0.2468
g of NaOL were dissolved in sterilized water at 50° C., then
a temperature of the solution was lowered to 30° C., and 2.4
ml of 4 mM AgNO; was added, and the solution was left for
15 minutes without stirring. Then, when 50 ml of 1 mM
HAuCl, was added and the solution was stirred at 700 rpm
for 90 minutes, the color of the aqueous solution disappeared
(colorless). 0.3 ml of 37 wt. % (12.1 M) HCI was added and
stirred at 400 rpm for 15 minutes to adjust pH. 0.25 ml of
0.064 M ascorbic acid was added and vigorously stirred for
30 seconds, and 0.04 ml of the seed solution was added and
vigorously stirred for 30 seconds. Then, the mixture was
allowed to grow at 30° C. for 12 hours without stirring. At
this time, the color changed to purple. Then, the product was
separated by centrifugation at 7000 rpm for 30 minutes, and
the supernatant was removed. A size and a shape were
measured by using a high resolution transmission electron
microscopy (HR-TEM, jJEOL JEM-3011) and a UV/VIS
spectrophotometer (UV/VIS 3600, Shimadzu).

[0065] 1-3. Production of Rod-Shaped Gold Nanoparticle
Having Aspect Ratio of 3.59

[0066] For a gold nanoparticle seed solution, 5 ml of 0.5
mM HAuCl, and 5 ml of 0.2 M CTAB were mixed, and 1
ml of 0.006 M NaBH, was added. The Au(Ill)-CTAB
aqueous solution was stirred at 1200 rpm. The seed solution
was used after a color of the solution was changed from
yellow to yellowish brown, and the seed solution was aged
at room temperature for 30 minutes before use.

[0067] For a growth solution, 1.8 g of CTAB and 0.2468
g of NaOL were dissolved in sterilized water at 50° C., then
a temperature of the solution was lowered to 30° C., and 4.8
ml of 4 mM AgNO; was added, and the solution was left for
15 minutes without stirring. Then, when 50 ml of 1 mM
HAuCl, was added and the solution was stirred at 700 rpm
for 90 minutes, the color of the aqueous solution disappeared
(colorless). 0.42 ml of 37 wt. % (12.1 M) HCl was added and
stirred at 400 rpm for 15 minutes to adjust pH. 0.25 ml of
0.064 M ascorbic acid was added and vigorously stirred for
30 seconds, and 0.04 ml of the seed solution was added and
vigorously stirred for 30 seconds. Then, the mixture was
allowed to grow at 30° C. for 12 hours without stirring. At
this time, the color changed to purple. Then, the product was
separated by centrifugation at 7000 rpm for 30 minutes, and
the supernatant was removed. A size and a shape were
measured by using a high resolution transmission electron
microscopy (HR-TEM, jEOL JEM-3011) and a UV/VIS
spectrophotometer (UV/VIS 3600, Shimadzu).

[0068] As a result, it was confirmed that the about 50
nm-sized circular gold nanoparticle (FIG. 1), the rod-shaped
gold nanoparticle having an aspect ratio of 1.73 (FIG. 2),
and the rod-shaped gold nanoparticle having an aspect ratio
0f 3.59 (FIG. 3) were produced, respectively, and it could be
confirmed that different optical and visual characteristics
were induced in the circular gold nanoparticle and the
rod-shaped gold nanoparticles (FIGS. 4 to 9). Meanwhile,
by mixing and observing the circular and rod-shaped gold
nanoparticles (FIG. 10), it could be confirmed that surface
resonance plasmonic spectrum showing different maximum
wavelengths (FIG. 11) and colorimetry through a dark field
image (FIG. 12) were observed even in a state in which each
of these gold nanoparticles were mixed.
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Example 2: Manufacture of Substrate

[0069] A glass substrate which is a support of a nanoplas-
monic sensor was surface treated with a silane compound
including an amine or alkyl end group. The silane compound
was (3-aminopropyl)triethoxysilane, and an amine group
was attached to the substrate by immersing the glass sub-
strate in 5% (3-aminopropyl)triethoxysilane solution for 15
minutes.

Example 3: Manufacture of Nanoplasmonic
Biosensor Substrate in which Antibody Binds to
Circular Gold Nanoparticle

[0070] A circular gold nanoparticle was treated with het-
erofunctional polyethylene glycol (SH-PEG-COOH), and an
antibody with respect to Alzheimer’s disease onset marker
of AP 1-40 was bound thereto. Here, the used heterofunc-
tional polyethylene glycol (SH-PEG-COOH) had a molecu-
lar weight of 2000 and was purchased from Laysan Bio. Ltd.
The heterofunctional polyethylene glycol (SH-PEG-COOH)
acted as a stabilizer, and provided a functional group that
allowed the gold nanoparticle to adhere well to a glass
substrate, and further, that was bindable to the antibody. 2
mg of SH-PEG-COOH having a molecular weight of 2000
was dissolved in 1 ml of sterilized water to prepare a
solution of 1 mM. Thereafter, 20 pl of the above prepared
solution was added to 1 ml of the 50 nm-sized circular gold
nanoparticle aqueous solution synthesized in Example 1-1,
stirred for 24 hours, and centrifuged at 7000 rpm for 15
minutes to separate the surface-treated gold nanoparticle.
The separated pellet was resuspended in sterilized water to
an optical density of 2, and 1 pl of 0.7 M 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide/N-hydrosuccimide
(EDC/NHS) was added based on 100 pl of the gold aqueous
solution and mixed well, followed by incubation for 15
minutes. In the meantime, 50 pl of AP 1-40 antibody
(anti-beta amyloid 1-40 antibody (abcam, ab20068); or beta
amyloid (1-40) polyclonal antibody (Invitrogen, 44-136)) to
be attached to a surface of the gold nanoparticle was diluted
with PBS to a concentration of 50 ug/ml. After 15 minutes,
the antibody diluent was added to the PEG-treated gold
aqueous solution, and pippeted, and reacted without stirring
for 4 hours. After 4 hours, the reaction mixture was centri-
fuged at 5000 rpm for 10 minutes and redispersed in 100 pl
of sterilized water.

[0071] The antibody-bound circular gold nanoparticle
aqueous solution was diluted to an optical density of 0.0,
and then 10 pl of the gold nanoparticle aqueous solution was
dropped on the glass substrate. Thereafter, the gold nano-
particle aqueous solution was removed again after about 50
seconds.

[0072] Upon reviewing a change in UV-Vis spectrum
wavelength shown for each step in binding the antibody to
the circular gold nanoparticle, plasmonic spectrum of the 50
nm-sized circular gold nanoparticle produced in Example
1-1 had a peak at 530.5 nm (FIG. 14, 50 nm bare AuNPs).
However, Rayleigh light scattering spectrum of the same
single nanoparticle after surface treatment with 1 mM of
heterofunctional PEG having a molecular weight of 2000
had a peak at 533 nm (FIG. 14, PEGylated 50 nm AuNPs),
and when 50 pul of antibody at a concentration of 50 pug/ml
was attached to the surface of the gold nanoparticle, and
reacted for 4 hours, a peak appeared at 537.2 nm (FIG. 14,
50 ug/ml antibody binding). In other words, it could be
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confirmed that as compared to the circular gold nanoparticle,
the UV-Vis maximum wavelength shift of 2.5 nm after the
PEG was attached, and the UV-Vis maximum wavelength
shift of 4.2 nm after the antibody was attached were
observed.

[0073] Meanwhile, in the case of the LSPR light scattering
shift spectrum shown for each step in binding the antibody
to the circular gold nanoparticle, it could be confirmed that
as compared to the plasmonic spectrum of the 50 nm-sized
circular gold nanoparticles prepared in Example 1-1 (FIG.
15, 50 nm bare AuNDPs), the Rayleigh light scattering
spectrum of the same single nanoparticle after surface
treatment with 1 mM of heterofunctional PEG having a
molecular weight of 2000 (FIG. 15, after SAM) showed the
LSPR maximum wavelength shift of 17.3 nm, and the
spectrum after 50 ul of antibody at a concentration of 50
pg/ml was attached to the surface of the gold nanoparticle
(FIG. 15, after ab binding) showed the LSPR A, ., shift of 31
nm, respectively.

Example 4: Manufacture of Nanoplasmonic
Biosensor in which Antibody Binds to Rod-Shaped
Gold Nanoparticle

[0074] A rod-shaped gold nanoparticle was treated with
heterofunctional polyethylene glycol (SH-PEG-COOH),
and antibodies with respect to two Alzheimer’s disease onset
markers of A 1-42 (anti-beta amyloid 1-42 antibody (Ab-
cam, ab10148); or anti-beta amyloid 1-42 antibody (Merck
(Millipore), AB5078P)) and T protein (tau monoclonal anti-
body (HT7) (Invitrogen, MN1000) were bound thereto.
Here, the used heterofunctional polyethylene glycol (SH-
PEG-COOH) had molecular weight of 2000 and 3400,
respectively, and purchased from Laysan Bio. Ltd. The
heterofunctional polyethylene glycol (SH-PEG-COOH)
acted as a stabilizer, and provided a functional group that
allowed the gold nanoparticle instead of the CTAB of the
surface of the rod-shaped gold nanoparticles having the
aspect ratio of 1.73 and 3.59 to adhere well to the glass
substrate, and further, that was bindable to the antibody. 53.5
il of 300 pg Au/ml of the rod-shaped gold nanoparticle
having the aspect ratio of 3.59 and 50 mg of SH-PEG-
COOH having a molecular weight of 3400 were added to
1946.5 ul of sterilized water. In the case of the rod-shaped
gold nanoparticle having the aspect ratio of 1.73, 37.05 pul of
300 pug Au/ml of the rod-shaped gold nanoparticle having the
aspect ratio of 1.73 and 40 mg of SH-PEG-COOH having a
molecular weight of 3400 were added to 1962.95 pl of
sterilized water. The solution was rotation-stirred for 4 days
at room temperature to 200 rpm and then centrifuged at 5000
rpm for 4 minutes. The SH-PEG-COOH that did not bind to
the gold was removed by the centrifugation, and the solution
was resuspended in 1 mL of sterilized water. Then, EDC and
NHS were used to connect the gold nanoparticle and the
antibody. The rod-shaped gold nanoparticle aqueous solu-
tion was diluted to an optical density of 0.1, and then 10 pl
of the gold nanoparticle aqueous solution was dropped on
the glass substrate. Thereafter, the gold nanoparticle aqueous
solution was removed again after about 5 minutes.

Example 5: Verification of Nanoplasmonic
Biosensor Effect

[0075] By using phenomenon that when the gold nano-
particle binds to a biomolecule, resonance occurs in a larger
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wavelength region, spectrum changes of the nanoparticle in
which the Af} 1-40, AP 1-42, and T protein were bound to the
antibody were observed, and whether or not the correspond-
ing Alzheimer’s disease onset factor was present was con-
firmed.

[0076] That is, it was confirmed that the antigen-specific
binding was surely generated without cross-talk in the
biosensors manufactured in Examples 3 and 4, wherein all
the antigens were added at 100 nM, and the PBS was used
as a diluting solution.

[0077] In a 50 nm-sized circular gold nanoparticle bio-
sensor manufactured by Example 3, the maximum Rayleigh
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gold nanosphere, 26 fM for Af 1-42 with immune-aspect
ratio 1.73 of gold nanorod and 23.6 fM for T protein with
immune-aspect ratio 3.59 of gold nanorod (FIG. 17B).

Example 6: Enzyme Immunoassay of Af 1-42
According to Chaotropic Solvent

[0079] Ammonium bicarbonate (ABC) was dissolved in
water to prepare a 25 mM aqueous solution. Then, guanidine
hydrochloride, guanidine thiocyanate, or potassium thiocya-
nate was dissolved in the 25 mM ammonium bicarbonate
(ABC) aqueous solution prepared above to prepare a 20 M
stock solution.

TABLE 1

Congentration of a chaotropic solvent for
enzyme immunoassay of Ap 1-42

Blood

Diluting Solution

guanidine

S0 50p 50pu SOp 50pul SOpl 50w 50wl 50l
S0l 475 45pul 40l 35pul 30pul 25w 20ul 10l
— 25p Spul o 10p 15p 20l 254 30ul 40l

hydrochloride (20M),

guanidine

thiocyanate (20M) or

potassium

thiocyanate (20M)

Final

0.5 1

o
W
~
v
=N
oo

concentration (M)

light scattering wavelength shift of about 10 nm was shown
for AP 1-40 antibody since it reacted only with 100 nM of
AP 1-40 due to the AP 1-40 antibody immobilized to the
surface, and the shifts of just 1.4 nm and 1.1 nm were shown
for 100 nM of AP 1-42 and 7 protein, respectively. Mean-
while, in a rod-shaped gold nanoparticle biosensor having
the aspect ratio of 1.73 manufactured by Example 4, since
the AP 1-42 was immobilized to the surface of the particle,
the maximum scattering wavelength shift of 17 nm was
shown for 100 nM Af 1-42, but the maximum scattering
wavelength shifts of just about 1.95 nm and 1.93 nm were
shown for the Af 1-40 and T protein at the same concen-
tration, respectively. In addition, in a rod-shaped gold nano-
particle biosensor having the aspect ratio of 3.59 manufac-
tured by Example 4, since the T protein antibody was
immobilized, the maximum scattering wavelength shift of
19 nm was shown for 100 nM T protein, but the maximum
scattering wavelength shifts of just about 2.45 nm and 2.5
nm were shown for the two kinds of beta-amyloid and Tt
protein at the same concentration, respectively (FIG. 16).

[0078] Under biological conditions of patient-mimicked
plasma, multiple biomarkers detection was conducted on a
platform consisting of three types immunogold with three
Alzheimer’s disease biomarkers, Ap 1-40, Ap 1-42 and <
protein. LSPR Ahmax shifts indicated a strong linearity with
the concentration logarithm in the range from 1*10* M to
1%#10® fM that concentrations are optimized between least
twenty times lower and quite higher than levels of biomark-
ers in AD patient plasma (FIG. 17A). Many coefficients of
determination (R?) were over 0.95 meaning the values of
LSPR A, shift are significantly depended on concentra-
tions of samples in mimicked blood. The limit of detection
(LOD) values of the biosensor were calculated by this
formula: LOD=3*d/slope, where 5 is the standard deviation
of blank and slope is the slope of calibration curve. Calcu-
lated values were 34.9 fM for Ap 1-40 with immune 50 nm

[0080] A concentration of the chaotropic solvent was
shown above, and analysis was performed according to the
instruction of enzyme immunoassay kit (SensoLyte™, Cata-
log # AS-55552) of AP 1-42. Human blood was used as a
sample, and plasma in which an aggregate was removed
from the blood was used to perform the experiments.

[0081] To briefly describe the experimental method, a
human Af 1-42 standard (Component B) was reconstituted
to be 1 ml of peptide standard reconstitution buffer (Com-
ponent G). In other words, the peptide was hydrated for 10
minutes, reversed upside down and mixed gently. 100 pl of
the reconstituted standard per vial was dispensed and stored
at -80° C. before use.

[0082] The strips (Component A) were aligned and labeled
according to the number of wells used in the standard and
the sample, and then the dilution standard and the sample
were each subjected to duplicate dispensing. Sequential
dilution of the human AP 1-42 standard was prepared
immediately before the experiment, and proceeded as
described in Table 2 below.

TABLE 2

Concentration, ~ Ap42 Standard Sample Dilution Buffer

Step pg/mL (Component B) (Component C)

1 1,000,000 Prepare as described in 1.1

2 10,000 10 pL from step 1 990 L
3 250 25 plL from step 2 975 pL
4 125 500 pL from step 3 500 puL
5 62.5 500 pL from step 4 500 puL
6 31.25 500 pL from step S 500 puL
7 15.625 500 pL from step 6 500 puL
8 7.8125 500 pL from step 7 500 pL
9 3.91 500 pL from step 8 500 puL

[0083] A detection antibody (Component H) was diluted
200-fold with a detection antibody dilution buffer (Compo-
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nent T). 50 pl of the antibody solution was dispensed into
each well, and 100 pl of the diluted AP 1-42 standard
including the blank was subjected to duplicate dispensing
into each well. Meanwhile, 100 pl of the diluted sample as
shown in Table 1 above was added to each well, and 50 ul
of the antibody solution was added to each well. The plate
was covered with an adhesive plate cover (Component J)
and allowed to react by blocking light at 4° C. overnight. A
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Example 7: Enzyme Immunoassay of T Protein
According to Chaotropic Solvent

[0085] Ammonium bicarbonate (ABC) was dissolved in
water to prepare a 25 mM aqueous solution. Then, guanidine
hydrochloride, guanidine thiocyanate, and potassium thio-
cyanate were dissolved in the 25 mM ammonium bicarbon-
ate (ABC) aqueous solution prepared above to prepare a 20
M stock solution.

TABLE 3

Congentration of a chaotropic solvent(guanidine
hydrochloride) for enzyme immunoassay of T protein

Blood

Diluting Solution
Guanidine

S0 S0p S0pul S0p 50pul SOpl 50w 50wl 50l
S0l 475 45pul 40l 35pul 30pul 25w 20ul 10l
— 25p Spul o 10p 15pl 20l 25w 30ul 40l

hydrochloride (20M)

Final

0 0.5 1 2 3 4 5 6 8

concentration (M)

TABLE 4

Concentration of a chaotropic solvent(guanidine
thiocyanate) for enzyme immunoassay of t protein

Blood

Diluting Solution
guanidine

50 50l 50 Wl S0 50wl S0pl S0 S0pl 50 pl
50l 475 454l 40pl 35wl 30pl 25 20l 10 pl
— 25ul Sul 10p 15w 20p 25 30l 40 pl

thiocyanate (20M)

Final

0 0.5 1 2 3 4 5 6 8

concentration (M)

TABLE 5

Concentration of a chaotropic solvent(potassium
thiocyanate) for enzyme immunoassay of © protein

Blood

Diluting Solution
potassium

50 50p 50pu S0p 50pul SOpl S0u SOul 50l
SOpl 475 45pl 40 35pl 30pul 25w 20ul 10l
— 25p Spul o 10p 15p 20l 25w 30ul 40l

thiocyanate (20M)

Final

0 0.5 1 2 3 4 5 6 8

concentration (M)

10x wash buffer (Component D) was diluted with distilled
water to prepare a 1x wash buffer, the solution of the plate
reacted overnight was removed, and the plate was washed 6
to 7 times in each well using 350 pl of 1x wash buffer.
Between each wash process before the wash solution was
removed, time was taken to allow the wash buffer to fully act
for 20 seconds. The plate was cleaned using a paper towel
for accurate optical reading. 100 pl of TMB color substrate
solution (Component E) was added to each well, and the
plate was lightly tapped and reacted at room temperature for
about 5 to 15 minutes until a blue color gradient appeared
along the well. 50 pl of termination solution (Component F)
was added to each well and the plate was tapped lightly to
turn blue color to yellow. Absorbance (OD) was measured at
450 nm using a microplate absorbance reader within 20
minutes after the termination solution was added.

[0084] As a result, it could be confirmed that a detection
amount of AP 1-42 was higher in 6M guanidine hydrochlo-
ride or 3M to 4M guanidine thiocyanate (FIG. 18).

[0086] A concentration of the chaotropic solvent was
shown above, and analysis was performed according to the
instruction of enzyme immunoassay kit (Invitrogen, Catalog
nos. KHB0041, KHB0042) of T protein. Human blood was
used as a sample, and plasma in which the aggregate was
removed from the blood was used to perform the experi-
ments.

[0087] To briefly describe the experimental method,
except for a chromogenic blank, 100 ul of a standard dilution
buffer was added to a zero well. 100 pl of standard was
added to an appropriate well for a standard curve, and 50 pl
of sample and 50 pl of standard dilution buffer were added
to a well for sample analysis. The plate was covered with a
cover and allowed to react at room temperature for 2 hours,
the solution was thoroughly removed by aspiration, and the
plate was washed 4 times with 1x wash buffer. Then, 100 pl
of human FGF-b Biotin conjugate solution was added to
each well except the chromogenic blank, and mixed by
tapping the side of the plate lightly. The plate was covered
with a cover and allowed to react at room temperature for 1
hour, the solution was thoroughly removed by aspiration,



US 2020/0124596 Al

and the plate was washed 4 times with 1x wash buffer. 100
ul of streptavidin-HRP was added to each well except for the
chromogenic blank, and the plate was covered with a cover
and allowed to react at room temperature for 30 minutes.
The solution in each well was thoroughly removed by
aspiration, and the plate was washed times with 1x wash
buffer. 100 pl of stabilized chromogen was added to each
well to allow each substrate solution to turn blue. The
reaction was performed at room temperature under a dark
condition for 30 minutes. 100 pl of the termination solution
was added to each well, and for mixing, the side of the plate
was tapped lightly to allow the solution in each well to be
changed from blue to yellow.

[0088] As a result, it was confirmed that when the 6M
guanidine hydrochloride or 4M guanidine thiocyanate was
used, the T protein was highly detected (FIG. 19).

[0089] We confirmed that the nanoplasmonic biosensor
detected femtomolar amounts of T protein from a fluid
resembling blood and determined the detection limit of this
sensor with/without chaotropic agent (FIGS. 21A and 21B).
The T protein is present in minute amounts in peripheral
blood, accompanied by large amounts of other proteins and
biomolecules. To verify our platform, we monitored the
LSPR M, shift for T protein concentrations from 1*10" to
1*#10® M in plasma both with and without 6 M Gua-HCI.
The values increased when reactions occurred with T protein
in non-treated blood at concentrations from 10* to 10® fM
(Black bars in FIG. 21A). However, no change was detected
in a signal for concentrations below 10° fM, indicating that
the strong linearity of the signal response to the logarithm of
the concentration only occurred within the range from 10* to
10® fM (White triangles in FIG. 18B). In addition, the limit
of detection (LOD, 3*5/slope, where 5 is the standard
deviation of 1, the blank and slope is the slope of calibration
curve 46) was 1.56~1.66 pM, or approximately 1 pM T
protein in the absence of treatment. The known levels of ©
protein in the blood of a patient with AD were approximately
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239.13 fM~1.49 pM, and the minimal detectable values
were 815.2 fM~2.72 pM based on existing blood-based
practical and clinical assays such as double-sandwich ELI-
SAs and IMR assays. In accordance with above-mentioned
results and studies, this LSPR plasmonic biosensor without
chaotropes was lacking in its detection of T protein for the
diagnosis of AD and lagged behind existing methods. Chao-
tropes hinder T proteins from forming aggregates with
themselves or plasma proteins. A greater amount of T protein
is consequently present and can bind immunogold, leading
to larger changes in the refractive index around the gold
nanoparticles. To enhance the sensitivity of these assays, we
combined the LSPR plasmonic biosensor with the use of 6
M Gua-HCl as a chaotrope. This combination extended the
linear dynamic range to reach from 10* to 10* fM with
determination coefficients (R*) of approximately 0.984
(Grey bars with hashes in FIG. 21A, black circles in FIG.
21B), and its minimum detectable concentration was 153.
17-179.85 M or approximately 100 fM T protein (Black
circles in FIG. 21B). These results therefore indicate that
Gua-HCl enhanced the sensitivity of the T protein specific
plasmonic biosensor from the picomolar to the femtomolar
scale, a ten-fold improvement; in addition, the assay’s
medical utility is improved using the chaotrope. Our pro-
posed assay using the assistance of a chaotrope enables AD
core protein levels to be used as clinical evidence, detecting
the proteins with high sensitivity and quantifying them in a
dynamic range from complex human biological fluids.

Example 8: Enzyme Immunoassay of Ap 1-40
According to Chaotropic Solvent

[0090] Ammonium bicarbonate (ABC) was dissolved in
water to prepare a 25 mM aqueous solution. Then, guanidine
hydrochloride, guanidine thiocyanate, and potassium thio-
cyanate were dissolved in the 25 mM ammonium bicarbon-
ate (ABC) aqueous solution prepared above to prepare a 20
M stock solution.

TABLE 6

Concentration of a chaotropic solvent (guanidine

hydrochloride) for enzyme immunoassay of Ap 1-40

Blood

Diluting Solution

guanidine

S0l 50p S0pu SOp S0pul SOpl SOu SOul 50l
50l 475 45l 40 35l 30pul 25w 20wl 10l
— 25p Spul o 10p 15 20pl 25w 30ul 40l

hydrochloride (20M)

Final

0 0.5 1

o
W
~
w
=N
o0

Concentration (M)

TABLE 7

Concentration of a chaotropic solvent(guanidine
thiocyanate) for enzyme immunoassay of Ap 1-40

Bloed

Diluting Solution
guanidine

S0pl 50p S0ul SOul S0 S0pl S0 SOl 50wl
Sopl 475 45ul 40l 35p 30pl 2540 20 10l
—  25ul S 10ul 15pu 20p 25 30pul 40

thiocyanate (20M)

Final

0 0.5 1 2 3 4 5 6 8

concentration (M)
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TABLE 8
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Concentration of a chaotropic solvent(potassium
thiocyanate) for enzyme immunoassay of Ap 1-40

Blood 50l 50l S0pl S0pl S0pl 50pl 50 pl
Diluting Solution S0ul 475 45ul 40pl 35l 30wl 25
potassium — 25 Splo10p 15pl 20pl 25l
thiocyanate (20M)

Final 0 0.5 1 2 3 4 5

concentration (M)

50l 50 pl
20 10 pl
30l 40 pl

6 8

[0091] A concentration of the chaotropic solvent was
shown above, and analysis was performed according to the
instruction of enzyme immunoassay kit (Cusabio, Catalog
no. CSB-E08299h) of AP 1-40. Human blood was used as a
sample, and plasma in which the aggregate was removed
from the blood was used to perform the experiments.

[0092] A detection amount of Af 1-40 according to the
concentration of chaotropic solvent was confirmed, and as a
result, it could be confirmed that the detection amount of Ap
1-40 increased in all cases where the chaotropic solvent was
used, and among them, the detection amount of Af 1-40
increased in the case where 2 M to 3 M of potassium

tein was stained by immersion with 50 ml of 10 times diluted
brilliant blue G solution. Here, the protein was stained for 13
hours while shaking at 50 rpm on an orbital shaker, and
rinsed with sterilized water until bands were visible after
staining.

[0094] Meanwhile, ammonium bicarbonate (ABC) was
dissolved in water to prepare a 25 mM aqueous solution.
Then, guanidine hydrochloride, guanidine thiocyanate, and
potassium thiocyanate were dissolved in the 25 mM ammo-
nium bicarbonate (ABC) aqueous solution prepared above to
prepare a 20 M stock solution. The stock solution was used
to prepare a sample, followed by electrophoresis.

TABLE 9
Bloed 10 Sul Spl Spl Spl o Sul Splospl Sl
Dibluting Solution — 475l 45l 4pl 35 3pl 25p 2p 1w

(Tris-glycine buffer)

chaotropic

025 05ul lpl 15p 2ul 254 3p 4pl

solvent (20M)

final

0 0.5 1 2 3 4 5 6 8

concentration

thiocyanate was used and in the case where 6 M of guanidine
hydrochloride was used (FIG. 20).

Example 9: Analysis of Alzheimer’s Disease Onset
Marker According to Chaotropic Solvent by
Polyacrylamide Gel Electrophoresis

[0093] For CAST GEL, an acrylamide content was deter-
mined according to the molecular weight of Alzheimer’s
disease onset markers. 15% Tris-glycine polyacrylamide gel
was prepared with reference to the molecular weight of
about 4 kDa in AP 1-40 and Ap 1-42, and the molecular
weight of about 36.8 to 45.9 kDa according to the isoform
in T protein. 15% Tris-glycine polyacrylamide gel was
prepared by mixing 2.3 ml of sterilized water, 5.0 ml of 30%
acrylamide mix, 2.5 ml of 1.5 M Tris buffer (pH 8.8), 0.1 ml
of 10% ammonium persulfate, and 0.004 ml of TEMED. A
stacking gel was prepared by mixing 2.7 ml of sterilized
water, 0.67 ml of 30% acrylamide mix, 0.5 ml of 1.0 M Tris
buffer (pH 6.8), 0.04 ml of 10% ammonium persulfate, and
0.004 ml of TEMED. The prepared gel solutions were put
sequentially in a gel caster and casted. While the gel was
solidified, a 10x Tris-glycine buffer was diluted, and the
sample and a protein weight standard marker were prepared.
Here, if dilution of the sample was necessary, 1x Tris-
glycine buffer was used. When the gel preparation was
completed, the standard marker was put on the first line, the
samples were set on the other lines and loaded at 20V for
about 10 hours. Then, a stacking gel portion was cut off and
removed from the polyacrylamide gel, and the loaded pro-

Example 10. Confirmation of Nanoplasmonic
Biosensor in AD Patient Sample

[0095] We confirmed the medical usefulness of this nano-
plasmonic biosensor that was assisted by a chaotrope for the
diagnosis of AD from the blood samples of patients (FIG.
22). We also proved that this highly sensitive platform
distinguishes between normal control and AD patients. The
plasma samples were obtained from pooled normal human
plasma and AD human plasma (Innovative Research Inc.,
Novi, Mich.). The patients had been clinically diagnosed as
AD, and this status continues (mean age: 72.6x6.3; 3
women, 2 men). We measured the Rayleigh scattering shifts
of 1 protein-specific immunogold before/after the injection
of cognitive normal control plasma and the patients’ samples
(Patient No. 1-5), with or without 6 M Gua-HCl. The
concentration of T protein in blood is high in patients with
Alzheimer’s disease.10,18,19 In cases 1, 4 and 5, the LSPR
A, shift values were lower than that of the control when
the chaotrope was not used (Black bars in FIG. 22). The
assay without the chaotrope did not discriminate between
AD and control patients. In contrast, the combination of the
plasmon biosensor and the chaotrope resulted in the assays
of patients having a higher LSPR A __ shift than those of
controls with the chaotrope (Grey bars in FIG. 22). The
chaotrope partly disassembled aggregated T proteins in
blood 41 and uncovered the T protein epitope from blood
proteins. The biosensor could therefore react with all of the
T protein in blood, and its accuracy and sensitivity for the
diagnosis of AD was enhanced with 6 M Gua-HCI. Plasma
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T protein levels were significantly higher in subjects with
AD than controls. The average Rayleigh scattering peak
shifts were 8.96+0.93 nm after the injection of AD plasma
with 6 M Gua-HCl and 5.9+1.07 nm for controls with the
chaotrope (FIG. 22). This finding was supported by studies
that showed that T protein concentrations in plasma samples
increased in the order from subjects with normal control and
mild cognitive impairment (MCI) to AD and early-stage AD
patients.15,18,23 Additionally, AD plasma T protein levels
were negatively associated with the most valuable imaging
diagnosis factors, including total hippocampus volume and
the grey matter density of the superior frontal gyrus.47,48
Other regression analyses as well as the identified negative
association of cognitive functions and plasma T protein
levels have been proven to correlate to delayed recall of
logical memory and verbal fluency.18 On the other hand, the
two Af isoforms did not differentiate between AD and
control patients even though we demonstrated the high
sensitivity of a nanoplasmonic biosensor with chaotropes.
Recent studies have also shown that plasma A and 42 levels
are similar in AD and control groups. These findings sustain
the idea that only plasma T protein can provide insights
regarding this pathological process in brain. Our proposed
system is an optimized clinical assay to accurately diagnose
AD patients by the precise detection of T protein in plasma
and reducing the overlapping range between concentrations
of the protein in an age-matched control and AD patients’
blood that presented a problem in prior studies. This com-
bined use of a nanoplasmonic biosensor and a chaotropic
agent provides a precise medical investigational method to
determine the core pathophysiology of AD in blood and to
distinguish AD patients with high accuracy.

[0096] The method for diagnosing Alzheimer’s disease
according to the present invention is able to diagnose
Alzheimer’s disease by using blood that is easily obtainable
from the human body, and thus it is possible to perform
objective analysis without requiring a complicated surgical
procedure for diagnosing Alzheimer’s disease. Further, by
applying the gold nanoparticles having various sizes and
shapes, it is possible to confirm multiple onset markers on a
single platform to thereby achieve multiple detection, and by
pretreatment of the chaotropic solvent in order to compen-
sate for the decrease in detectability caused when the onset
marker present in blood binds to other proteins, it is possible
to improve sensitivity of the diagnosis.

[0097] The present invention has been described in detail
based on particular features thereof, and it is obvious to
those skilled in the art that these specific technologies are
merely preferable embodiments and thus the scope of the
present invention is not limited to the embodiments. There-
fore, the substantial scope of the present invention is defined
by the accompanying claims and equivalent thereof.

1. A method for diagnosing Alzheimer’s disease in a
subject suffering the same comprising the steps of:
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(A) pretreating a blood sample from the subject with a
solution comprising a chaotropic solvent comprising
6M guanidine hydrochloride;

(B) contacting the pretreated blood sample with a plas-
monic sensor based on a plurality of gold nanoparticles
to which 1 protein antibody is immobilized;

(C) measuring a light scattering spectrum of the blood
sample upon contacting with the plasmonic sensor; and

(D) determining whether the Alzheimer’s disease occurs
in response to analysis of maximum wavelength mobil-
ity(AM,,,,.) obtained from the light scattering spectrum.

2. A biosensor for detecting Alzheimer’s disease compris-
ing:

T protein antibody immobilized to a plurality of gold

nanoparticles; and

a solution comprising a chaotropic solvent comprising
6M guanidine hydrochloride.

3. A method for detecting Alzheimer’s disease onset
markers in a subject suffering Alzheimer’s disease compris-
ing the steps of:

(A) pretreating a blood sample from the subject with a

solution comprising a chaotropic solvent;

(B) contacting the pretreated blood sample with a plas-
monic sensor based on a plurality of gold nanoparticles
to which one or more antibodies selected from a group
consisting of AB 1-40 antibody and T protein antibody,
are immobilized;

(C) measuring a light scattering spectrum of the blood
sample upon contacting with the plasmonic sensor; and

(D) detecting the Alzheimer’s disease onset markers in
response to analysis of maximum wavelength mobility
(Ah,,,.) obtained from the light scattering spectrum,

wherein the Alzheimer’s disease onset markers are
selected from a group consisting of A 1-40 peptide
and T protein,

wherein when the one or more antibodies is the AP
1-antibody, then 0.5-3M potassium thiocyanate, 0.5-
3M guanidine thiocyanate or 2-8M guanidine hydro-
chloride is used as the chaotropic solvent,

wherein when the one or more antibodies is the T protein
antibody, then 5-8M guanidine hydrochloride or 3.5-5.
5M guanidine thiocyanate is used as the chaotropic
solvent, and

wherein when the one or more antibodies are the AP
l-antibody and the T protein antibody, then 5-8M
guanidine hydrochloride is used as the chaotropic sol-
vent.

4. The method of claim 3, wherein an aspect ratio of the
gold nanoparticle to which the A 1-40 antibody is immo-
bilized, an aspect ratio of the gold nanoparticle to which ©
protein antibody is immobilized, an aspect ratio of the gold
nanoparticle to which the Af 1-40 antibody and 7 protein
antibody are immobilized, are different from each other.

* #* * #* #®
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