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Abstract Currently, no methods exist for the definitive
diagnosis of AD premortem. β-amyloid, the primary
component of the senile plaques found in patients with this
disease, is believed to play a role in its neurotoxicity. We
are developing a nanoshell substrate, functionalized with
sialic acid residues to mimic neuron cell surfaces, for the
surface-enhanced Raman detection of β-amyloid. It is our
hope that this sensing mechanism will be able to detect the
toxic form of β-amyloid, with structural and concentration
information, to aid in the diagnosis of AD and provide
insight into the relationship between β-amyloid and disease
progression. We have been successfully able to function-
alize the nanoshells with the sialic acid residues to allow for
the specific binding of β-amyloid to the substrate. We have
also shown that a surface-enhanced Raman spectroscopy
response using nanoshells is stable and concentration-
dependent with detection into the picomolar range.
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Introduction

Since Alois Alzheimer first discovered the pathology of the
disease bearing his appellation in 1906, the number of
people diagnosed with Alzheimer’s disease (AD) has been
on the rise [1]. Alzheimer’s disease, a neurodegenerative
disease and the most common cause of dementia, affects
4.5 million people according to the 2000 US census [2].
Due to various factors, such as longer life expectancy, the
aging of the Baby boomers, and the subsequent increase of
the number of people in the oldest age group (>65), the
incidence of AD is expected to triple to 13.2 million by the
year 2050 [2–5]. The economic impact of AD is staggering.
With an annual cost of over $100 billion per year, AD is the
third most costly disease in the USA after heart disease and
cancer [6]. In recent years, there has been great interest and
progress made in the development of molecular level
strategies to target steps in the pathogenesis of AD [7–
18], with the expectation that even a modest delay of onset
of AD of as little as 5 years would result in a 50% reduction
in the number of AD patients [19]. However, if these new
molecular therapeutics are to be successfully applied, a
definitive premortem diagnosis of AD is necessary.

Premortem diagnosis of AD is only probable and is based
on in vivo imaging of the brain with magnetic resonance
imaging or functional positron emission tomography, along
with tests of cognitive and psychological function [20–22].
Alzheimer’s disease can only be diagnosed definitively by
identifying extracellular amyloid plaques composed of
amyloid-β (Aβ) and neurofibrillary tangles, which consist
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of tau proteins, in postmortem central nervous system tissue
[5, 23–30]. The main constituent of the neuritic plaques is
the 39–43 amino acid peptide, β-amyloid (Aβ). The
presence of neurofibrillary tangles in the absence of neuritic
plaques indicates the pathogenesis of other, less common
neurodegenerative diseases. On the same note, neuritic
plaques, in the absence of neurofibrillary tangles, can be
found in brains with no detectable neuritic dystrophy; these
are known as diffuse, or preamyloid, plaques. These diffuse
plaques can develop 20 years before the person shows
symptoms of dystrophic neurons [3, 5, 24, 27]. For many
patients, it is difficult to determine cognitively whether the
patient has AD or only mild cognitive impairment, a disease
which may progress to AD or remain as a benign form of
normal aging [23, 26, 30].

With the goal of developing a means of diagnosing AD
premortem, many groups are looking into the detection of
the two proteins, tau and Aβ, that are associated with the
disease postmortem. While it is not certain that levels of
these proteins will correlate with AD, it is speculated that a
means of detecting structure-specific forms of Aβ in
cerebral spinal fluid (CSF) may be used as a biomarker
for AD. Soluble oligomers of Aβ act as ligands on the cell
membrane, consequently earning the name Aβ-derived
diffusible ligand (ADDL), triggering a cascade of events
that many hypothesize brings about neuritic dystrophy and
neuronal death. ADDLs specifically have high-affinity
binding with gangliosides containing multiple sialic acid
residues. Studies show that intermediate oligomer forms of
the Aβ protein such as ADDLs, rather than monomeric or
fibril forms, disrupt learning and behavior and are more
likely to be the cause of the disease toxicity [5, 7, 24, 27–
29, 31–36]. Some research groups are looking into the
detection of ADDLs through the use of antibodies specific
to this protein. Haes et al. have instituted the use of
localized surface plasmon resonance nanosensors to detect
anti-ADDL antibodies and ADDLs [37, 38]. This approach
was able to determine the concentration of ADDLs in the
diseased brain to be around 1 pM, with a larger concentra-
tion of ADDLs in the CSF of AD patients as compared to
non-AD patients. Georganopoulou et al. used bio-barcode
technology for the specific detection of ADDLs in CSF
[39]. This approach was able to detect ADDLs into the
femtomolar range and was important in demonstrating the
correlation of elevated ADDL levels with AD. However,
these two approaches were specific only to ADDLs, one
form of the many oligomeric forms of Aβ that could be
indicative of AD. Development of a sensor platform that
enables the rapid and selective detection of ADDLs along
with other Aβ oligomers and fibril species that may
contribute to AD pathology would be a valuable tool in
the study of AD and the development of premortem
diagnostics for this disease.

The Raman spectrum is considered a useful tool for
detection of bioanalytes because it provides an optical
fingerprint of the molecules in question. Traditional Raman
spectroscopy, however, is an ineffective tool for bioanalyte
detection, especially at trace concentrations, because a
relatively low number of photons are Raman, or inelasti-
cally, scattered as compared to the number of photons that
are Rayleigh, or elastically, scattered. To overcome this
problem, the use of surface-enhanced Raman spectroscopy
(SERS) has been instituted. SERS provides significant
enhancement of the Raman intensity, on the order of 106 to
1014 times, through electromagnetic field enhancement and
chemical enhancement that increases the Raman cross
section of the individual molecule when the molecule of
interest is close to a roughened metal [40–46]. These
enhancement factors are considered to represent the SERS
signal at a Raman-scattered frequency υS in Eq. 1 [45, 46].

PSERS υSð Þ ¼ N 0σR
adsI υLð Þ A υLð Þj j2 A υSð Þj j2 ð1Þ

In this equation, N′ is the number of molecules involved
in the SERS process, σR

ads represents the increased Raman
cross section of the adsorbed Raman-active molecules, and
I υLð Þ is the intensity of the excitation source. A υLð Þj j2 and
A υSð Þj j2 are the electromagnetic enhancement factors at the
excitation and Raman-scattered frequencies, respectively.
Using the approximation of a small sphere of radius r with
a complex dielectric constant ɛ(ν) in a surrounding medium
with a dielectric constant of ɛ0, the enhancement can be
estimated as shown in Eq. 2 to produce the total elec-
tromagnetic enhancement given in Eq. 3.
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In these equations, d is the distance of the analyte
molecule from the metal sphere, indicating the very strong
spatial dependence of the SERS signal. The enhancement is
strongest when the surface plasmons are in resonance with
both the excitation and Raman-scattered fields, and this
enhancement is dependent, to the fourth power, on the local
nanostructure field of the metal. These strong spatial and
local nanostructure field dependencies may be producing
the small, localized “hot spots” of extremely strong
enhancement known to occur with SERS, which give the
potential for trace analyte detection but also make the
production of reproducible SERS surfaces difficult [45, 46].
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Nanoshells are spherical nanoparticles with a dielectric
core surrounded by a metal shell with plasmon resonances
that can be adjusted by altering the ratio of the core
diameter to the shell diameter [47]. Nanoshells have been
previously shown to provide significant SERS enhance-
ments of 106–1010 in the near IR by tuning the plasmon
resonance to the excitation laser wavelength [48–50].
Additionally, by controlling the geometry of the nanoshells,
the SERS enhancement for a layer of nonresonant mole-
cules bound to the surface of the nanoshells can be
controlled with quantitative agreement between theoretical
and experimental results [48]. Solutions of nanoshells are
limited by significant reabsorption of the backscattered
SERS signal by other nanoshells, which limits the observed
SERS enhancement [49]. Thus, it is desired that the
nanoshells be deposited onto a substrate to allow for larger
SERS enhancements due to the simplified collection
geometry. The intensity of the Raman signal from these
nanoshell substrates has been shown to have a linear
dependence on the density of nanoshells, indicating that
the observed SERS signal is dependent on the resonance of
single nanoshells with little contribution from aggregates. It
is theorized that the interparticle forces between the nano-
shells are very strong, resulting in the nanoparticles being
either more than a particle radius apart or in direct contact.
This direct contact between the nanoshells likely does not
allow for the deposition of the adsorbate molecules between
the nanoshells. This response is in opposition to the
response from solid nanoparticles where the observed
SERS signal was minimal until the nanoparticles began to
form aggregates on the film [51]. Thus, unlike aggregates
of solid nanoparticles where the enhancement is derived
from uncontrolled aggregates of particles that produce “hot
spots” for SERS enhancement [52], the SERS enhancement
from the nanoshells is not dependent on these “hot spots.”
This feature allows for a uniform substrate where the SERS
enhancement can be determined to be a function of the
number of the molecules bound to the substrate, not as a
function of the degree of enhancement in that one location.

The use of a gold nanoshell film is also advantageous
because the surface of gold can be easily modified with the
direct linkage of a thiol functional group. To create a
surface selective for Aβ, we have instituted the use of a
self-assembled monolayer (SAM) of cysteamine bound to
sialic acid on the gold nanoshells (Fig. 1). Sialic acid is one

of many sugars that make up the glycolipids and glyco-
proteins on a cell surface. Aβ has been shown to have a
high affinity for sialic acid containing gangliosides [7, 29,
53–58] and multivalent sialic acid polymers [18]. Thus, by
functionalizing the nanoshell film with sialic acid, we are
attempting to mimic the cell surface to create a platform to
induce specific binding of Aβ. With Aβ bound specifically
to the nanoshell substrates, other confounders found in
biological media can be removed, and Congo red can then
be bound to the Aβ. Congo red is frequently used to stain
amyloid fibrils in tissue and has been shown to bind to the
toxic formations of Aβ [59–61]. Congo red also produces
more distinct Raman peaks than Aβ; this advantage can be
used to more easily determine Aβ concentration and
conformation. In this paper, we explore the feasibility of
using functionalized nanoshells as a platform for the SERS
detection of Aβ to aid in the understanding of AD, with the
ultimate goal of creating a sensor for use in a clinical
setting for the premortem diagnosis of AD.

Experimental

Materials

Aβ(1–40), with the sequence DAEFRHDSGYEVHHQ
KLVFFADVGSNKGAIIGLMVGGVV, was synthesized
and purified by BioSource International (Camarillo, CA,
USA). Purity as confirmed by mass spectrometry and
HPLC was >95%. N-hydroxysulfosuccinimide (sulfo-
NHS) and 1-ethyl-3-[3-dimethylaminopropyl]carbodiimide
hydrochloride (EDC), Iodo-Beads, G-5 desalting columns,
and Bolton–Hunter reagent (sulfo-SHPP) were purchased
from Pierce Biotechnology (Rockford, IL, USA). 125I was
purchased from Amersham Biosciences (Piscataway, NJ,
USA). 2-(N-morpholino)ethanesulfonic acid (MES) was
purchased from Fisher Biotech (Fair Lawn, NJ, USA). All
other chemicals were purchased from Sigma-Aldrich (St.
Louis, MO, USA).

Substrate preparation

Glass slides were cleaned with potassium hydroxide before
being coated with an even layer of poly(vinyl pyridine)
(PVP). The nanoshell solution was deposited onto the PVP-

Fig. 1 Scheme showing the
self-assembled monolayer
bound to the nanoshells. By
functionalizing the nanoshells
with sialic acid, we create a
platform for the specific binding
of Aβ, with limited binding of
other nonspecific proteins
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modified slides and allowed to bind for 3 h. The nanoshells
were engineered to maximize the Raman response for a
785-nm laser excitation in an air environment. The nano-
shells have a core radius of ~94 nm, with ~18-nm-thick
gold shells. These dimensions were determined by com-
paring the measured absorbance to Mie scattering calcu-
lations, and verified by dynamic light scattering. To increase
the reflectance of the slides to increase the grazing angle
Fourier transform infrared (FTIR) and SERS signals, vapor
deposition was used to coat the glass slides with a thin layer
of gold prior to PVP deposition.

Nanoshell slides were then prepared for modification by
cleaning the slides in a hydrogen peroxide solution for 1.5 h
before drying under a gentle N2 stream. A solution of 1 mM
sialic acid, 1 mM cysteamine, 10 mM sulfo-NHS, and
4 mM EDC was prepared in a 0.1-M MES buffer. The pH
was adjusted to 5.0 and the solution was allowed to react
for 6 h, while being mixed, to ensure proper attachment of
the sialic acid to the amine terminal of the cysteamine.
Then, 500 μL of the reacted solution was pipetted over
the gold nanoshell surface. The thiol functional groups of
the cysteamine bound spontaneously to the gold surface
of the nanoshells to create a uniform, self-assembled
monolayer (Fig. 1).

Determination of binding affinity (KAβ) and surface
saturation (Nsat)

Binding affinity of Aβ to the surfaces was estimated from
equilibrium binding isotherms performed using radioiodin-
ated Aβ [18]. Aβ(1–40) was radioiodinated via a modified
Bolton Hunter method to preferentially label at the N
terminus of the peptide. One hundred nanomoles of sulfo-
SHPP was iodinated with 200 μCi of 125I using the
IodoBead catalyst for 15 min at pH 8.0 borate buffer in a
volume of 140 μL. After removal of the catalyst, 2 nmol
(100 μL) of freshly prepared Aβ(1–40) (in water) was
added and allowed to react to the iodinated sulfo-SHPP for
3 h at 4°C. The resulting condensation product was sepa-
rated from free 125I using a G-5 desalting column, employ-
ing phosphate buffer as the eluent. The trichloroacetic acid
precipitatable activity was determined to be >90%. No
attempt was made to remove unlabeled peptide from
labeled peptide.

Aprotinin and lysozyme were iodinated directly without
using sulfo-SHPP. Two Iodobeads were added to 100 μL
PBS, to which 100 μCi 125I (10 μL) was added. Three
hundred ninety microliters of either 1 mg/mL of lysozyme
or 0.5 mg/mL of aprotinin was incubated in the presence of
125I and Iodobeads for 10 min. Iodinated protein was
separated from free 125I using G-5 desalting columns.

Binding assays were carried out by incubating 125I-
labeled protein of different concentrations directly with

sialic acid-modified surfaces at room temperature for 2 h.
Tween-20 was also added at a final concentration of 0.1%
to block nonspecific binding. Thereafter, free protein was
removed from that bound to the surface by directly
pipetting the solution from the surface. Bound protein was
recovered from the surface by gently rubbing a 1-cm2 area
of the surface with a cotton swab. Activities of the free
protein and bound protein (now attached to the cotton swab)
were measured using a Wallac MicroBeta TriLux microplate
liquid scintillation counter (Perkin Elmer, Wellesley, MA,
USA). Binding constants were determined from these resul-
tant equilibrium binding isotherms by fitting a Langmuir
isotherm (Eq. 4) to the data using a nonlinear least squares
regression algorithm (KaleidaGraph 3.6, Synergy Software,
Reading, PA, USA).

Nbound ¼ Aβ½ �freeNsat

KAβ þ Aβ½ �free
ð4Þ

where Nbound is the picomoles of Aβ bound to the surface;
KAβ is the equilibrium dissociation coefficient of Aβwith the
surface; [Aβ]free is the concentration of Aβ in solution at
equilibrium; and Nsat is the picomoles of Aβ on surface at
saturation conditions. The amount of Aβ bound to the
surface was normalized by the amount of surface area to
which the Aβ bound. Surface area was estimated as the area
covered by nanoshells but did not include an estimate of
any additional surface area from the nanoshell surfaces.

SERS experiments

Aβwas dissolved in DMSO to a concentration of 10 mg/mL,
aliquoted into microcentrifuge tubes containing 5 μL of
solution and stored in a −80°C freezer until use. Ninety five
microliters of 0.1 M PBS (pH 7.4) was added to the Aβ to
create a 0.5-mg/mL (115 μM) solution. The Aβ was then
stirred on a rotary stirrer for 24 h at room temperature to
form a mixture of oligomers and fibrils before being
stepwise diluted to the concentrations of interest. Thirty
microliters of Aβ was added to nanoshell surfaces and
given 30–45 min to bind before being rinsed 3× with PBS
and 1× with deionized water. The slides were then dried
with a gentle stream of N2. Congo red at a concentration of
120 μM in PBS was added to the slides and allowed to bind
for 20 min before the slides were rinsed and dried as before.

The SERS analysis was performed on a Renishaw
System 1000 Raman Spectrometer (Wotton-under-Edge,
UK) coupled to a Leica DMLM microscope (Wetzlar,
Germany). A 785-nm GaAlAs diode laser (SDL model
XC30) was used as the excitation laser. A 10× objective
lens was used to deliver 14.5 mW to the sample with an
approximate 10-μm spot size. A 20× objective lens was
also used, which delivered 6.22 mW to the sample with an
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approximate 5-μm spot size. Raman scans were taken at
random locations on the modified nanoshells surfaces and
were integrated for 15 or 30 s over the range of 1,623–
1,110 cm−1.

Results and discussion

FTIR characterization—cysteamine and EDC chemistry

To confirm that the nanoshells films were functionalized
with the specific binding chemistry as intended, FTIR
spectra were taken throughout the reaction steps of the
sialic acid surface modification. These spectra are shown in
Fig. 2. The gold baseline spectrum is representative of the
grazing angle spectra taken of only the gold surface before
any modification takes place. As we would expect, there is
no signal. A spectrum of free sialic, not bound to the
surface, is included to illustrate the IR signature associated
with the sugar. The gold + linker is representative of the
grazing angle spectra taken of the gold surface modified

with cysteamine. Chemical signatures can be seen at ~3,000
and 2,800 cm−1, as well as at 3,650 and 1,400 cm−1, which
indicates that carbon chain and amine functional groups are
present, thus showing that cysteamine attached properly.
The gold + linker + EDC/SA is representative of the
grazing angle spectra taken of the gold surface that was
reacted with cysteamine, which was then reacted with sialic
acid through EDC chemistry. Chemical signatures can be
seen at ~1,300 and 1,200 cm−1 that are indicative of the
EDC reaction while preserving the amine and carbon
structure associated with the cysteamine attachment. These
results indicate that we have functionalized the nanoshells
substrates with sialic acid so that they may be used for the
specific binding of Aβ to the surfaces. The spectra were
taken from slides prepared when we performed the
chemistry steps associated with attachment of sialic acid
to the surface sequentially; however, similar final spectra
were obtained whether attachment was done sequentially or
if the cysteamine was reacted with the sialic acid in solution
prior to attachment to the surface. For most measurements,
we actually prepared surfaces by reacting the cysteamine

FTIR Specta of Gold Nanoshells w/ Sialic Acid
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and sialic acid in solution prior to attachment to the
nanoshell surface, as these surfaces had fewer defects and
less nonspecific Congo red binding.

Determination of binding affinity (KAβ) and surface
saturation (Nsat)

Figure 3 shows a representative binding isotherm for Aβ
binding to the nanoshell substrates. The maximum binding
of beta amyloid to the gold was estimated to be 0.7±
0.3 pmol/cm2 of area of the slide coated with nanoshells,
and the equilibrium dissociation constant of the Aβ with
the surfaces was 14±8 nM. Two other proteins, lysozyme,
which is known to form fibrils, and aprotinin, a small β-
sheet protein, did not exhibit significant binding to the
substrates. The Aβ binding affinity to sialic acid-modified
surfaces is comparable to that of Aβ to sialic acid-modified
dendrimers [18] and at least an order of magnitude greater
than that measured for Aβ with the sialic acid containing
glycolipids of cell membranes [7]. These results are
significant in that they show that the Aβ is binding
specifically to the sialic acid-modified nanoshell surfaces
and that other proteins that form structures similar to Aβ do
not bind appreciably under the same conditions.

Determination of SERS enhancement

Aβ by itself is not sufficiently SERS-active to enable direct
measurement of Aβ on a surface. However, Aβ, in an
extended β-sheet conformation, is known to bind Congo
red, whose aromatic structure is SERS-active [60]. We
therefore decided to examine the feasibility of utilizing a
sandwich assay format, in which Aβ bound specifically to

the sialic acid-modified surface, after which Congo red
would bind specifically to Aβ, for the structure-specific
detection of Aβ. Figure 4 demonstrates the Congo red
signal obtained from functionalized nanoshells with 10 nM
Aβ applied to the surface compared to the Congo red signal
obtained from functionalized Platypus™ Gold-coated sili-
con wafers with the same concentration of Aβ. The
Platypus wafers have a very smooth gold surface that does
not have the necessary roughness for SERS enhancement.
Using the smooth Platypus surfaces, no difference in signal
from Aβ plus Congo red vs. the signal obtained from the
gold surfaces with no Aβ or Congo red was observed.
Thus, the necessity of using a SERS substrate such as the
nanoshells is apparent. From the nanoshell spectra, it can be
easily seen that Congo red has five identifiable peaks.
Tentative band assignments for these peaks are based on
current literature [59, 60]. The peaks at 1,155 and
1,595 cm−1 are related to the N–C stretch and phenyl-ring
mode, respectively. The peaks from about 1,350 to
1,450 cm−1 are due to the contribution of the N=N
stretching modes. Thus, the sandwich assay format in
which Aβ is first added to the sialic acid-modified
substrate, after which Congo red is bound to the Aβ,
provides a meaningful signal for the detection of Aβ.

Stability of SERS signal

One of the key features of using nanoshells for the SERS
substrate is that the SERS enhancement is dependent on the
surface plasmons of single nanoshells and not on clusters of
particles. This feature is advantageous because it allows the
signal to be consistent across the surface and to not depend
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on local “hot spots,” which make quantification difficult.
Figure 5 (inset) shows the raw Congo red spectra taken for
three consecutive scans from three random locations on a
nanoshell slide with 10 nM Aβ bound to the surface. There
are minor differences in these spectra; however, when
corrected for differences in baseline intensity by dividing
by the first intensity (which does not contain any Raman
peaks), the spectra are very similar (Fig. 5 main). The
intensities of the five major Congo red peaks were
determined for each of the scans as shown in the table,
with the largest percent deviation between the largest and
smallest values for each peak found to be a maximum of
3.3%. This result indicates that the enhancement is
consistent across the nanoshell surface, which allows for
the potential for quantitative measures to relate SERS
intensity with analyte concentration. It should be noted that
the signal is more stable for nanoshell substrates with a thin
layer of gold prior to nanoshell deposition. The gold layer
greatly increases the Raman signal, most likely due to its
reflective nature and possible coupling of the plasmon
resonance of the nanoshells into the plasmon resonance of
the gold surface, which allows for the use of the lower-
magnification objective (10× instead of 20×) to obtain clear
Raman spectra. The increased stability for a larger spot size
indicates that part of the stability comes from the ability to
take an average signal from a large number of nanoshells.
As the manufacturing of the nanoshell substrates and the
deposition of the chemistry and analytes on them continue
to improve, the signals should remain or become more
stable across the platform surface.

Aβ concentration using SERS

To analyze the ability of the SERS signal obtained from
functionalized nanoshell slides to be used as a measure of
Aβ, we looked at the signals obtained from several de-
creasing concentrations. We first applied Aβ to the slides,
allowed it to bind, and rinsed off any excess. We then
allowed a constant amount of Congo red to bind to the Aβ
before any excess of that too was rinsed off. Figure 6,

Fig. 5 Congo red spectra showing the reproducibility of the SERS
enhancement between random locations on the nanoshell slides. The
inset spectra are the raw spectra that show slight differences in
background intensity. When the difference in background intensity is
corrected for, the spectra show at most a 3.3% deviation in peak height
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which shows the Congo red signal corresponding to several
concentrations of Aβ, demonstrates that we were able to
detect peaks from Congo red bound to Aβ on the
functionalized nanoshell surfaces at concentrations as low
as 1 pM. For this figure, three spectra were averaged and
normalized to the first point in the spectra, which does not
include any Raman peaks, to account for slight differences
in initial background intensity, as was done for the stability
study. The spectra were then slightly offset so that their
differences could be more clearly seen. In addition to
reading levels to 1 pM, as the concentration of Aβ in-
creased, the Congo red peaks became larger and more
defined, showing a dependence of the Congo red signal on
the Aβ concentration. This result was further examined by
fitting the raw spectra to a partial least squares model with
two latent variables (Fig. 7). The error bars indicate the
entire spread of the data at each concentration; these spectra
were taken with a small spot size on slides not precoated
with a layer of gold so these results may be improved by
using the gold-coated slides. At around 10 nM, the signal
begins to saturate, indicating that the maximum amount of
Aβ was bound to this point. This result complements the
results obtained from the binding isotherm (Fig. 3), which
indicates that the signal was coming from the Aβ and not
from the nonspecific binding of Congo red to the surface.
Although we are not at the point of definitive determination
of Aβ concentration, we are able to detect the presence of
Aβ oligomers in the picomolar to nanomolar range with in-
dication of the possibility for more concentration-dependent
detection with our current platforms.

Conclusions

In this paper, we have successfully functionalized slides
consisting of a monolayer of nanoshells, optimized for our
excitation laser wavelength, with chemistry specific for
binding of Aβ. The sialic acid residues conjugated to
nanoshells were shown to have a high affinity for Aβ with
specificity for Aβ over other fibril-forming proteins. We
also demonstrated the feasibility of using SERS to detect
Aβ by monitoring the signal from Congo red bound to the
Aβ on the slides and that this signal was consistent across
various locations on the slides. In addition, we produced
SERS spectra that indicate the feasibility of detecting Aβ
oligomers into the picomolar range.
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