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Abstract: This paper reports the development of Alzheimer’s disease (AD) sensor through early
detection of amyloid-beta (Af) (1-42) using simple nanorestructuring of Au sheet plate by oxida-
tion-reduction cycle (ORC) via the electrochemical system. The topology of Au substrates was
enhanced through the roughening and Au grains grown by a simple ORC technique in aqueous
solutions containing 0.1 mol/L KClI electrolytes. The roughened substrate was then functionalized
with the highly specific antibody B-amyloid Ap (1-28) through HS-PEG-NHS modification, which
enabled effective and direct detection of AP (1-42) peptide. The efficacy of the ORC method had
been exhibited in the polished Au surface by approximately 15% larger electro-active sites com-
pared to the polished Au without ORC. The ORC polished structure demonstrated a rapid, accu-
rate, precise, reproducible, and highly sensitive detection of A3 (1-42) peptide with a low detection
limit of 10.4 fg/mL and a wide linear range of 102 to 10° pg/mL. The proposed structure had been
proven to have potential as an early-stage Alzheimer’s disease (AD) detection platform with
low-cost fabrication and ease of operation.

Keywords: oxidation-reduction cycles (ORC); nanorestructuring; Au electrode roughening;
B-amyloid; Alzheimer’s Disease; electrochemical sensor

1. Introduction

Nowadays, the fast-increasing elderly population is an essential medical issue in
developed countries, and due to the aging factor, Alzheimer’s disease (AD) is rapidly
expanding worldwide [1-3]. AD is a simple neurodegenerative syndrome described by
memory loss and cognitive failure. As per previous reports, nearly 47 million people
worldwide suffer from AD, and the prediction is that four times that number of people
will have the condition by the year 2050 [4,5]. From survey studies, the percentage of
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aged persons (=65 years old) in the total population in Taiwan has risen continuously
over the past three decades, from 4.1% in 1980 to 10.7% in 2010 [1,6]. AD is the most
frequent cause of dementia and has been estimated to cause approximately 60% to 70% of
dementia cases in Taiwan [7,8]. In addition, the cost of medical care, which is the highest
in brain-related medical conditions in Europe with € 106 billion and $ 236 billion in the
US, reflects the economic and communal impact [9].

Several clinical trials have shown that B-amyloid (AB) and tau protein are feasible
biomarkers that can be used for diagnosing AD in cerebrospinal fluid (CSF) [10,11].
However, neuron loss and the progressive accumulation in neurotic (senile) plaques and
blood vessel walls of paired helical filament (PHF), such as Neurofibrillary tangling
(NFT), are essential factors. Furthermore, a peptide made up of amino acid residue,
called an pB-amyloid -peptide (A), consists of a sequence cleavage of B and B-secretase
amyloid precursor protein (APP) (39-42) and is the most prevalent element of neurotic
plaques [12]. Besides, insoluble aggregates of the -amyloid peptides AP (1-42) and A
(1-40), which have been shown to be associated with Alzheimer’s illness, are notably
generated [13]. The higher level of the peptides marks significant illness progress in AD
patients, and hence, the detection based on biomarkers employing such peptides would
be decisive in early diagnostics [14]. Due to the progressive loss of cognitive function and
expensive care environment for neurodegenerative patients, the early onset of AD should
be seriously considered [15].

Current diagnostic methods mainly rely on neuroimaging techniques, such as
magnetic resonance imaging (MRI) and amyloid positron emission tomography (PET).
However, these methods have many constraints and are not cost-effective [16,17]. More
importantly, these instruments typically only detect the later visible stage of AD, such as
when the amyloid-beta protein lumps grow and block some parts of the brain. Thus, even
though AD is not a curable disease, early detection at the molecular level of protein se-
cretion is urgently required to decide the best treatment for neurodegenerative loss delay
in the diagnosed patients [18,19]. In liquid-based molecular detection, biosensors have
significantly been considered as a remarkable breakthrough in various medical scenes
pertaining to their miniaturized, selective and specific screening. Nevertheless, the
available surface area for the effective binding interaction between the probe molecules
and their targets is still a significant issue [20]. Among various strategies, the engineering
of the sensing surface structure has been tremendously targeted to achieve an effective
surface area for the effective confinement of biomolecules generating signal amplifica-
tion.

A myriad of techniques in nanopatterning for higher surface area generation have
been reported. Lithography techniques performed in a standard cleaning room have al-
ways been enticing for submicron grafting and high aspect ratio. Nevertheless, the pricey
high-end instrumentations, along with the requirement of highly skilled technicians,
have made it difficult to realize within the tight budget of sensor development. It should
be underlined that a future where biosensors are cheap and accessible would favor soci-
ety. As a reliable and straightforward alternative, the electrochemical roughening path-
way has been widely applied in surface topology engineering, such as through template
synthesis [21], chemical dealloying [22], electrochemical deposition [23], electrochemical
erosion [24], and repetitive square-wave oxidation-reduction cycle (SWORC) [25], elec-
troplating or electrodeposition. However, in some of those protocols, for instance, in
electrochemical deposition or electroplating, despite its simple and quick process, as re-
ported by Asnavandi et al., due to limited electron transfer from the catalyst to substrate,
some additional chemical binders such as Nafion or hydrophobic polytetrafluoroeth-
ylene (PTFE) are somehow needed. Thus, more steps are required in the whole procedure
as well as the elimination of the risk of peel-off [26]. It is also noted that the chemical
binder also affects the reduction in active surface sites during measurement [27].

From the various electrochemical-based methods mentioned above, the electro-
chemical oxidation-reduction cycle is noticeably economical, simple, and environmen-
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tally friendly since 3D roughened film can be tuned easily, without any additional
treatments, solely by controlling the continuous repetition of gold oxidation-reduction
and hydrogen evolution into the system [28,29]. Liu et al. reported a successful ORC
technique using 0.1 M KCl solution with many differentiations in anodic and cathodic
scan rates, delays, and cycle times to obtain a roughed Au structure for polypyrrole Ra-
man study [30]. Interestingly, Bailey et al. reported the incredible impact of replacing the
traditional use of chloride with NaOH in Ag roughening for SERS substrate preparation,
resulting in a high degree of roughness, effective for SERS screening [31]. Apart from
Raman spectroscopy studies’ application, which mainly uses unique plasmonic effects
from the roughened substrate [32,33], the ORC-engineered conductive substrate with its
vast active area is potentially applied for other sensing platforms, such as in electro-
chemical sensors.

Here in this work, we are the first to demonstrate a facile single-step nanorestruc-
turing strategy for preparing a large area of high surface roughened Au electrode,
without any additional capping agents, using the ORC technique to build up an electro-
chemical sensor. As proof of concept, the ORC engineered Au substrate was functional-
ized by the HS-PEG-NHS linker and utilized to detect AD biomarker, A{3 (1-42) peptide,
in a wide dynamic range favoring an early detection diagnosis of AD. Outcomes denoted
that ORC-restructured Au electrode paves a path toward tunable nano-patterning with
excellent topology for high throughput and at a low-cost process, which also opens a
niche targeting various applications including field-effect transistors (FETs) and opti-
cal-based biosensors, LEDs-based platforms, solar-cells, advanced sensors, and microe-
lectronics.

2. Materials and Experimental Methods
2.1. Materials

Gold electrode sheet was purchased from CL Technology Co. Ltd. (Taiwan). Ace-
tone, Isopropyl alcohol (IPA), and toluene were purchased from Avantor (PA, USA). The
polishing pad was purchased from LECO Corporation (USA). HS-PEG-NHS (2K) was
purchased from Nanocs (USA). A (1-28) antibody and AP (1-42) peptide were pur-
chased from Abiotic (USA). Phosphate buffered saline (PBS) was purchased from Sig-
ma-Aldrich (USA). The experimental solutions were prepared using deionized 18.2 MQ)
water produced by a MilliQ system. Potassium chloride was purchased from Merck
(Darmstadt, Germany).

2.2. Apparatus

The morphological images of Au electrode with and without polishing treatment
altogether with the impact of ORC were characterized using a field emission scanning
electron microscopy combined with energy-dispersive spectroscopy (FE-SEM, EDS)
JEOL-JSM-7500 F (Pleasanton, CA, USA). Atomic force microscopy (AFM) Innova
B067-Bruker Corp (Camarillo, CA, USA) and the total area of AFM tapping mode 100
um? with scan rate were applied to analyze the surface topology of the engineered sub-
strate at 0.1 Hz and with 512 resolution. Cyclic voltammetry (CV) was conducted using a
three-electrode system 611E Electrochemical Analyzer from CH Instruments, Inc. (Aus-
tin, TX, USA).

2.3. ORC Nanorestructuring of Au Substrate

Firstly, the initial gold sheet was automatically polished by polishing pads em-
ploying different sizes of alumina powder (0.1 pm and 0.01 um). Next, the ultrasonic
cleaner was set for 10 min to ensure a smooth, clean, chemically treated surface. The ORC
process was carried out in a conventional three-electrode potentiostat system, consisting
of 0.1 mol/L KCl as the background solution, with infused nitrogen for 10 min to drive
away oxygen from the solution. Ag/AgCl was applied as a reference electrode (RE), a
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platinum wire was used as the counter electrode (CE), and Au substrate was the working
electrode (WE). Cyclic voltammetry (CV) was run from —0.3 to 1.2 V for 30 cycles at a scan
rate of 50 mV/s. Finally, the gold substrates were washed with deionized (DI) water,
dried at room temperature, and later dried in a vacuum dryer for 24 h at room tempera-
ture.

2.4. Peptide Conjugation on the Gold Substrate

The peptide conjugation with gold substrate involved three steps. First, a 40 uL of 10
mM PEG linker (HS-PEG-NHS) diluted in DI water was dropped on the gold electrode
surface. The electrode was then incubated for 6 h at 4 °C and washed three times. Second,
a 40 puL of 10 mM antibody A (1-28) in phosphate buffer saline (PBS) and Tween-20
(PBST) was dropped onto the PEG functionalized-surface and incubated for 12 h at 4 °C.
The electrode was washed three times with PBST before being used in the subsequent
step. Finally, a 20 uL A{ (1-42) peptide with a concentration of 102-10¢ pg/mL in phos-
phate buffer saline (PBS) was dropped onto the gold surface and incubated at 4 °C for 4 h.
The electrodes were then washed with PBS to remove residual peptide and dried in ni-
trogen (N2) gas before use. The step-by-step workflow of the ORC nanorestructuring and
surface modification is presented in Figure 1.

Working electrode

=2 RE

W AB (1-42) %agvap (1-28) () HS-PEG-NHS  Grown Au grains

Figure 1. Schematic illustration of ORC nanorestructuring and surface modification of Au substrate
for AP (1-42) peptide detection.

2.5. Cyclic Voltammetry (CV) Analysis for AB (1-42) Peptide Detection

The CV was measured using a three-electrode system consisting of Ag/AgCl as a
reference, platinum wire used as the counter electrode (CE), and gold substrate as the
working electrode (WE). The applied sweep voltage ranged from -0.05 to 0.4 V, at a scan
rate of 50 mV/s for 24 cycles, run in a 50 mM PBS solution containing 5 mM Ks[Fe(CN)s]
and 0.5 M KCL. To study Au electrode’s stability produced by ORC with polishing, the
CV measurement was performed under A{3 (1-42) peptide detection with 0.01 pg/mL
concentration using three sensors at different cycle points.

3. Results and Discussion
3.1. ORC Treatment and Mechanism
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The Au surface nanorestructuring through the ORC method has shown tremendous
impacts on the surface’s topological features and uniformity. In this process, a 0.1 M KCl
solution was used as the background solution for all gold electrodes nanorestructuring
processes as the chloride-based electrolyte solution can easily trigger the dissolution and
deposition of the metal by the typical triangular voltammetry treatment [32]. All the ex-
periments followed 30 cycles of standard ORC treatment during the fabrication. Thus, the
number of cycles and scan rate would lead to different changes in the particle size and
density of the Au electrode surface by ORC as verified by an optical microscope and
FE-SEM in Figure 2. Under optical microscope observation in Figure 2A,B, we noticed the
polishing of the Au surface with Al slurry triggered particle density and uniformity on
the surface. In Figure 2C, we saw that the maximum cathode current peak appears at the
scanning voltage of 0.3 V, which indicated that the gold ions were gradually being de-
posited back onto the surface and exhibiting activity towards oxygen reduction. A similar
phenomenon was also found in the study of the roughened surface for optical application
as surface-enhanced Raman spectroscopy (SERS) substrate [30,33]. It also indicated that
when the degree of oxidation-reduction in the gold surface became greater, the surface
changes became more rapid, thus resulting in a swifter enhancement of oxygen reduction
catalytic activity [34]. Precipitation and ionization in the solution may occur. However, to
some extent, they can facilitate the reduction in metallic particles size that controls the
surface contour of the electrode.

Non-polished Au

o

'+ (C) Reduction oxidation cycle

_ Non-polished Au + ORC
Au 2 Au’ +3e

, RS e A Pt T
20x10 .,,i““di %I“f,if

)

Current(A)
Z

Il 1 Il Il
-04 02 00 02 04 06 08 1.0 12 14

1 1

Voltage(V)

Figure 2. Optical microscopy images of Al-polished Au plate (A) without and (B) with ORC, (C)
cyclic voltammogram of ORC process run with 30 cycles, FE-SEM figures of (D) non-polished and
(E) polished Au plates without ORC, and non-polished (F) and polished (G) Au plate with ORC.

3.2. Morphological and Topological Studies of the ORC Engineered Au Substrates

The surface morphological study of the proposed techniques is presented in FE-SEM
figures in Figure 2D-G. Pure gold electrodes were observed in our initial stage with and
without Al polishing treatment. It is demonstrated in Figure 2D,E that the non-polished
Au substrate showed harsher morphology than the polished one. The non-polished Au
also showed more scratches and impurities on its surface than the polished surface car-
ried out in ORC treatment, despite the non-polished Au initially having exhibited more
contoured structure; however, after ORC, less uniform with highly clustered Au grains
and lower uniformity of Au grains size were observed Figure 2F.
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In contrast, in post-ORC treatment, the polished gold showed higher density and
more uniform gold nanograins with a diameter of ~50 nm (Figure 2G). It is important to
note that even though one of the purposes is to obtain higher surface roughness, the
cleaning procedure through the polishing step is crucial to generate more uniform na-
noparticle growth with higher density onto the sensing surface [35,36]. Moreover, in the
energy-dispersive X-ray spectroscopy (EDX) analysis, a prominent percentage of gold
over the surface is validated, as shown in the inset in Figure 2E,G.

To profoundly study the impact of the proposed ORC technique, the topological
properties of the Au plates were analyzed using atomic force microscopy (AFM). The
AFM was set up in the tapping mode to map the topology of the surface and check their
phase characteristics. Figure 3A presents that the Ra values corresponding to the rough-
ness factor of the surface and the RSD were calculated from three different positions of
tapping mode with a dimension of 10um x 10pum for each measurement. The effects of Al
polishing in AFM analysis affirms the findings in the optical microscope and FE-SEM
figures as represented by higher surface roughness of the non-polished Au substrate with
an initial Ra value of 46.1% than the polished Au, which only shows about 4% of Ra
value. Being followed by the ORC process, both non-polished and polished substrates
exhibited a higher surface roughness than the surface properties prior to ORC, as ex-
pressed in the RSD of the Ra values of 55.4% and 5.9%, respectively. However, surface
roughness is not the sole parameter for signal augmentation and well-propagation in the
nanorestructuring of active surface sites. The other essential factor is the particles” den-
sity and uniformity, giving rise to the surface roughness. The highly uniform Au grain
size provides a major landing point for the probe biomolecules immobilization, leading
to the effective binding of the counterpart molecules. In the height profile analysis de-
picted in Figure 3B,C, the non-polished Au showed the propensity to generate irregular
particles height with a high disparity, around 50-500 nm, and an average length of ap-
proximately 50-500 nm.

] (A)A

Non-polished Non-polished
Au

56 l\\\.‘n
o

I

FM Surface Roughness

Au + ORC
P
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Polished Polished
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Figure 3. (A) Surface roughness profiles from AFM analysis of the Au substrate having undergone
different treatments, and the height profile of (B) non-polished and (C) polished Au surface after
ORC treatment.

Polishing treatment had significantly generated more uniform Au particles size and
density after ORC treatment by the average height of about 50-100 nm and the length of
approximately 50-150 nm over the Au substrate (Figure 3C). The outcomes signify the
crucial role of polishing and cleaning the substrate to create a homogenous foundation
and particle size control for Au growth [34]. Moreover, the largely homogenous surface
resulting from polishing facilitates the well-scattered penetration of Au ions during the
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electrochemical ORC, where such actions will likely be hindered in the randomly
roughened and dirty non-polished surface.

3.3. Electroactive Surface Area of the ORC Nanorestructured Au Substrate

To deeply comprehend the impact of polishing and ORC treatment on the Au sub-
strate, the study was conducted towards calculating the surface area based on the cyclic
voltammetry analysis. Figure 4A,B represent the cyclic voltammograms of a 50 mM PBS
solution containing 5 mM Ks[Fe(CN)s]/Ks[Fe(CN)s] and 0.5 M KCl mixture for the pol-
ished gold surface with and without ORC treatment. The scan rate and the peak current
gradually increased proportionally to v2on gold surfaces both treated with and without
ORC, as displayed in Figure 4C,D, implying that the reaction was under a qua-
si-reversible process typically found in Au nanoparticles studies for nanopatterning
[37,38]. However, the impact of morphological and topological characters after ORC
treatment in generating more current response through the oxidation and reduction re-
action of ferri/ferrocyanide ions onto the surface was conspicuously displayed in more
significant current-based peak-to-peak separation in Figure 4B, as well as being indica-
tive of the more substantial diffusion coefficient. The electroactive surface area and dif-
fusion coefficient were calculated using the mechanism based on electron transfer via the
Randles-Sevcik equation [39-41]:

iy = (2.69 x 105) n32AD12Cp12 1)

where i, is the peak current, n is the number of electrons transferred, A is the active area
of the working electrode, D is the standard diffusion coefficient for the used redox probe
KsFe(CN)s, which is equal to 7.6 x 106 cm?/s, and C is the concentration of the redox spe-
cies, v is the scan rate in solution. The quantification confirms the higher electroactive
area of the polished Au surface followed by ORC treatment than the substrate treated by
only polishing a step with the value of 0.76 cm? and 0.66 cm?, respectively, concerning the
geometrical area of 38.465 mm? (electrode diameter = 7 mm) for the Au electrode before
applying the polishing method. In principle, a ~15% increment of the electroactive sur-
face area through the ORC process is projected to favor higher electron conversion and
mass transfer on the working electrode to amplify the sensing sensitivity.
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Figure 4. Cyclic voltammograms (CV) run between 0 and 0.4 V in 5 mM Ks[Fe(CN)s]/Ka[Fe(CN)¢]
and 0.5 M KCl at various scan rates of polished Au surface (A) without and (B) with ORC treat-
ment. The relation of the anodic peak current on the scan rate square root with the calculated cor-
relation coefficient for polished Au surface (C) without and (D) with ORC treatment.

3.4. Electrochemical Detection of A (1-42) Peptide Using ORC Nanorestructured Au Substrate

Alzheimer’s disease (AD) is typically diagnosed from the occurrence of protein le-
sions in the brain, and the 3-amyloid A3 (1-42) protein has been shown to be much higher
in the incidence of AD patients. Among other AD biomarkers, Af3 (1-42) protein has been
highly noted as an important precursor since 1987 [42]. In this work, as a proof of concept
in early detection of AD, the ORC engineered Au substrate was applied as an electro-
chemical sensor. The uniformly grown Au grains would promote the effective adhesion
of protein AP (1-28) probes in a high surface area and control the density of the probe
molecules, which later provide high binding efficiency with target peptide. The use of
SH-PEG-NHS on anchoring the antibody A (1-42) facilitates a straightforward and sta-
ble crosslinking process with no other activation steps required. The SH-PEG-NHS is a
common linker used in modifying proteins and drugs since the NHS ester reacts with the
primary amine group of antibody/proteins at pH 7-8.5 to form a stable amide bond
[43,44]. It can also suppress the non-specific binding of charged molecules to the modi-
fied surfaces. PEGylation can increase solubility and stability and reduce immunogenic-
ity of peptides and proteins. A similar procedure has been reported before for the im-
mobilization of a-synuclein (aS) protein on a gold surface in near-field effect detection
[45,46]. The detection of AP (1-42) protein and corresponding CV analysis for the detec-
tion of 102 to 10¢ pg/mL is displayed in Figure 5. It is also observed that in the polished
Au substrate without ORC in Figure 5A, the CV curves did not show complete redox
peaks at the given voltage range.
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Figure 5. Cyclic voltammogram (CV) of polished gold (A) without and (B) with ORC for of A3
(1-42) peptide detection. Inset shows the enlarged anodic peak current (Alp) trend of the CV in A
(1-42) peptide detection, which gradually decreases with increasing peptide concentration, and
sensitivity plot of the (C) peak current (Alp) and (D) peak voltage (AEp) and IpA and IpC ratio of
the polished Au with ORC treatment for A{3 (1-42) peptide detection.

On the contrary, as displayed in Figure 5B, in the polished Au substrate followed by
the ORC treatment, the peak currents in cyclic voltammetry gradually decreased as the
target AP (1-42) peptide concentration was added onto the interface. The electron repul-
sion can decipher this phenomenon with the negative ions of ferri/ferrocyanide redox
dye in the applied electrochemical cell caused by higher loads of negatively charged
peptides as the target increased with the negative ions of ferri/ferrocyanide redox dye in
the used electrochemical cell, which also involved in the DNA detection studies [37]. The
trend of the current signals in the A (1-42) peptide detection is presented in the value of
Alp as the difference between the anodic peak (Ipa) and cathodic peak (Ipc) using three
different substrates out of 24 cycles with standard deviation (Figure 5C). Subsequently,
concerning the cyclic voltammogram behavior, the higher the analytical signal change,
the more free binding sites decreased [47]. However, the values of Al, will be the conse-
quence of the surface coverage between the gold surface and [Fe (CN) ¢]3>/4- contact area
during A{ (1-42) bonding resulting in reduced electron transfer kinetics. An extensive
dynamic range of 102 to 106 pg/mL was performed in the A{ (1-42) peptide detection in
this study and tremendously favors the clinical cutoff for this biomarker, which is more
than 40 pg/mL in the AD patients’ blood plasma [48]. Furthermore, the limit of detection
(LoD) is an essential benchmark for noting the potency of the ORC modified Au substrate
in enabling rapid and accurate screening for early diagnosis of AD. The LoD calculation
was carried out by comparing the three instances of standard deviation of the zero con-
centration of target, divided by the sensitivity of the sensing response, which finally re-
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sults in the value of 10.4 fg/mL. The obtained LoD in this work also denotes that the ORC
nanorestructured Au does not intrinsically restrict the sensitivity of the biosensor. The
dependence of anode and cathode peak potential (Epa — Epe = AEp) of protein is shown in
Figure 5D. The potential peak becomes larger as the concentration of the protein in-
creases when the anode shift to a positive voltage and the cathode shift to a negative
voltage [33]. This means that the reversibility of [Fe(CN)s]/Ks[Fe(CN)s] requires a higher
potential to drive the complete transfer of electrons near the gold surface [49] since the
HS-PEG-NHS linker, AB (1-28) probe and A (1-42) peptide target were attached signif-
icantly, and hence, added a potential energy barrier onto the interface.

Additionally, the presence of highly negatively charged proteins would in return
shift the anodic potential peak towards more positive voltage values to fulfill the neu-
trality point. Besides, Figure 5D represents the redox cycle stability. The IpA and IpC ra-
tio for each measurement was recorded with the value of nearly one, referring to re-
versible couples of the oxidation-reduction reaction. This indicated that the modified
electrode has a good reversibility in our electrochemical sweep cycle [50].

The stability of the ORC nanorestructured Au substrate in the measurement of Af3
(1-42) peptide was studied in the Alp and AEp variation against numbers of cycles. In
Figure 6A,B, in the detection of target peptide with a range of concentration under a se-
ries of cycle numbers, the current and voltage signals did not vary as much, as shown by
a significant coefficient of variation (CV) value of less than 0.5% resulting from three
different substrates at various numbers of cycles, respectively, in all cycles tested. This
reflects that the sensor possesses excellent stability even for such high cycling set up and
with lower Af (1-42) concentrations and that the solid biomolecular adhesion and inter-
action were still preserved despite highly repeated measurements. Moreover, it is note-
worthy that the stability confirms the reproducibility of the Au grains over the substrate
created through the ORC after a repetitive measurement, which concomitantly counters
the issue of deposited metal exfoliation as the effect of high cycle numbers. When com-
pared with the previously published works of literature that have highlighted the surface
engineering of sensor and platform structures for A3 proteins detection, shown in Table
1, the ORC nanorestructured Au electrode performs outstandingly, surpassing previous
work on points such as the ease and cost-effectiveness of sensor fabrication, wider dy-
namic range, and low LoD.

1.6

mapa-42 102pgmL | (B) B AB (1 42) 102 pgimL
Coefficient of variation: 0.33% 14}
i Coefficient of variation : 0.47%
RSD:
0.1% 0.5% 0.8% 0.8% 0.9% 0.9% RSD:
BN =l e e e B e = —~ 1.2}
= 1.4% 1% 0.9% 0.6% 1.7% 1.7%
8
o 1.0
w
<
08}
0.6
4 8 12 16 20 24 28 0 4 8 12 16 20 24
CV sweep cycle CV sweep cycle

Figure 6. Stability of (A) Al, and (B) AEp of AP (1-42) peptide detection with 0.01 pg/mL concen-
tration using three sensors at different cycle points run in CV between 0 and 0.4 V at a scan rate of
50 mV/s in 5 mM Kis[Fe(CN)e]/Ks[Fe(CN)s] and 0.5 M KClI using polished, and ORC treated gold
sheet plate.
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Table 1. Performance and features comparison: previously published A{ (1-42) sensor versus the
proposed ORC modified Au substrate.

Detection Route Final Structure Nanopatterning Detection Range LoD Ref
Approach
Fluorescent signals Microfluidic + Magnetic =~ PDMS and magnetic 0.5-1 nM N/A [51]
beads beads
Electrochemical  Fern leaves-like gold Electrochemical ~ 0.002-1.28 ng/mL 0.4 pg/mL [52]
sensor nanostructure
Optical Sensor Microfluidic E-beam evaporationand 3.9 pg-500 N/A 53]
lithography pg/mL
AuNPs/MPA/Au

Square Wave Chemical synthesis and

. -1 -1
Voltammetry (SWV) /Synthesis a.n.d Electro electro deposition 10-1000 pg mL~ 52 pg mL [54]
deposition
Electrochemical
Impedance Gold/AuNPs Chemical synthesis 0.1 nM-5uM 45 pM [55]
Spectroscopy (EIS)
Linear Sweep . .
Voltammetry (LSV) Gold/AuNPs Chemical synthesis 0.01-200 nM 6 pM [56]
EIS, SWV PANI/Au Screen printing 0.25-02ng/mL 44x10"M [47]
Dual Pulsed
Voltammetry (DPV), Carbon/AuNPs Chemical synthesis 100 tM-25 pM. N/A [57]
CV
EIS, CV Poly(curcumin-Ni) Electrochemical 0.001-5 nM 0.001 nM [58]
Glassy . .
h 1 synth d
DPV, CV carbon/AuNPs +  C e T e 0001-5nM 045nmol L [59]
Cu-MOF electro depositio
Electro-chemilumines Glassy carbon/AuNPs Chemical syrllt.hesas and 0.1 pg/mL-10 19.95 fg/ml. [60]
cence deposition ng/mL
Field Effect .
Transistor (FET) SiO2 FET substrate n/a 100 pM-10 uM. N/A [61]
Au roughened . . This
CV system substrate Electrochemical ORC  0.01-10¢ pg/mL  10.4 fg/mL Work

4. Conclusions

A simple ORC-based technique for topological improvement through nanorestruc-
turing of Au plate was performed for early detection of AD through A (1-42) peptide
biomarker screening on an electrochemical sensor setup. The polishing strategy played
an important role in determining the final structure of the ORC modified substrate since
it provided the foundation of the nanoarchitecture. The ORC nanorestructuring on a
polished substrate was proven effective in generating a high density of Au nanograins
with more uniform particle height and size than the treatment without polishing. Inter-
estingly as a proof of concept, with a simple and cost-effective ORC method, the electro-
active surface area of the sensor could be significantly enlarged, favoring a wide dynamic
range of AP (1-42) peptide detection with considerably low LoD. Furthermore, the sta-
bility and reproducibility of the ORC-modified Au substrate were outstandingly retained
in highly repetitive measurements. Overall, we envisage that the ORC-based nanopat-
terning provides a facile, cheap, and easy top-down strategy for large-scale biosensor
development in interdisciplinary areas.
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