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Abstract

This study aims to optimize the epithelial sodium channel (ENaC) electrochemical aptasensor with the Box-
Behnken experimental design. ENaC is a protein that plays a role in sodium ion transport in several epithelial
tissues and is associated with hypertension. The ENaC protein aptamer is held in place in the electrochemical
aptasensor by a modified screen-printed carbon electrode (SPCE) of silica-ceria composite (SiO.-CeQ,). The
unique structure of a silica matrix with high biocompatibility can form composites through a hydrothermal process.
The Box-Behnken design is an efficient optimization method of factors that affect the experiment at three levels.
The FTIR results of the silica-ceria composites were 549.35 cm (Ce-0), 1095.3 cm™ (Si-O-Si), and 491.28 cm*!
(Si-0). Meanwhile, SPCE/silica-ceria characterized by differential pulse voltammetry (DPV) showed an increase
in peak current [Fe(CN)e]*/* from 3.190 pA to 9.073 uA. Three experimental factors, aptamer concentration,
streptavidin incubation time, and aptamer incubation time, were optimized with BBD and obtained at 0.5 ug.mL"
1, 30 minutes, and 1 hour. The optimum conditions observed resulted in a selective current response for ENaC
protein detection. The optimization results can be applied to aptamer-based ENaC protein detection in samples.
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1. INTRODUCTION

The epithelial sodium channel (ENaC) is
a major salt and water reabsorption regulator in
several epithelial tissues. ENaC dysfunction is
directly associated with several hypertension
conditions (Choi et al., 2014). Epithelial sodium
channels (ENaC) control the rate of sodium
reabsorption by epithelial cells, which line the
distal renal tubules, distal colon, ducts of
several exocrine glands, and the lungs. ENaC
resides on the apical membrane of cells in the
distal nephron and is responsible for controlling
Na* reabsorption. ENaC dysregulation is
implicated in several conditions, including
pulmonary edema, acute respiratory distress
syndrome, nephrosis, and salt-dependent
hypertension (Xu et al., 2016).

The level of salt intake can affect the
biomarker ENaC protein, which indicates
hypertension. To date, it has been proven that
ENaC expression promotes Na* retention,
which causes an increase in blood pressure
(Reus-Chavarria et al., 2019). The urine sample
is used because it is the closest source, namely
the kidneys, which control blood pressure and
ENaC (Sofiatin & Roesli, 2018).

The ENaC protein detection method is a
commonly used ELISA method, but it has
drawbacks such as complex, time-consuming,
and expensive procedures (Sakamoto et al.,
2018). Other methods reported to detect ENaC
are optical biosensors (Garcia-Rubio et al.,
2020), electrochemical biosensors such as
immunosensors which have low levels of ENaC
detection (Hartati et al., 2020), aptasensor
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(Zakiyyah et al., 2022; Sari et al., 2022; Hartati
et al., 2021; Fazrin et al., 2022; Khan et al.,
2017; Khan et al., 2016). The advantages of the
aptasensor are that it has high affinity, lower
cost, and is easier to modify (Tan et al., 2019).

The use of SPCE in electrochemical
sensors for ENaC has been reported to modify
AUNP (Hartati et al., 2020; Hartati et al., 2021),
and CeO; (Hartati et al., 2021). The choice of
nanomaterials to modify the electrode aims to
increase conductivity, compatibility,
sensitivity, and performance. In this study, we
developed an SPCE modification with silica-
ceria nanocomposites.

Silicon dioxide (SiO), also known as
silica, is one example of a mineral in a natural
resource that has the potential to be developed.
Silica can be obtained through synthesis or
extraction from natural materials. Natural
resources in Indonesia are abundant and widely
available, but still not utilized by human
resources. Beaches in Indonesia are wide; one
of them is in Bengkulu Province, which has
beach sand with a high content of silica minerals
(55.30-99.87% by weight). Therefore, silica
from Bengkulu sand extraction (Ishmah et al.,
2020) can reduce the use of hazardous materials
and treatments that can reduce waste. Silica can
be obtained from various sources but is mixed
with other oxides and minerals, so separation is
required to obtain pure silica using the alkaline
fusion method (Firdaus et al., 2020). Silica
nanoparticles have been reported for dopamine
detection in  biosensors with excellent
performance and low detection limits (De
Morais et al., 2012). Silica composites are used
in electrochemical sensors because they have a
large surface area and are stable (Ismail et al.,
2020). Silica nanoparticles can be composited
with metal nanoparticles. Silica-modified
electrodes developed silica-Au nanocomposites
for glucose oxidase enzymes detection (Bai et
al., 2007), c-creative protein detection (Wang et
al., 2017), and arsenic detection (Ismail et al.,
2020). Biologically modified silica composites,
in mono- or multilayer configurations, have
been successfully applied in electroanalysis,
especially biosensors (Walcarius, 2018).

Cerium oxide nanoparticles (CeO,), or
ceria, are a transition metal oxide element with
good potential in biosensors developed with
high electron mobility. The advantages of ceria
are its oxygen storage capacity in its structure,
redox transition ability, enhanced electron
transfer, biocompatibility, and high
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conductivity. It  improves  sensitivity,
selectivity, stability, and long-term bioactivity
(Siangproh et al., 2011). The unique structure of
a silica matrix with high biocompatibility can
form a composite. The silica-ceria composite is
an interesting material because silica can
improve thermal stability. The hydrothermal
method is a common method for the synthesis
of silica-ceria composites (Li et al., 2009).
Composites consist of two or more materials
with different properties, with the constituent
properties still present in the resulting material
(Maharani & Hidayah, 2015).

The experimental design aims to
determine the optimum conditions for the
experimental factors with a significant effect.
Optimization can use the Response Surface
Methodology (RSM). RSM is a collection of
statistical and mathematical techniques useful
for development, improvement, and process
optimization, where the response is influenced
by several factors, resulting in a mathematical
model that describes chemical or biochemical
processes. RSM has the advantage of not
requiring large amounts of experimental data
and minimizing the short trial time (Radojkovic¢
et al., 2012). The RSM method consists of two
types of experimental designs: central
composite design (CCD) and Box-Behnken
design (BBD). In this study, the BBD was
chosen because it has the advantage of a simple
and efficient design with a small number of
trials (3—4 factors) (Perincek & Colak, 2013).
BBD uses three levels, namely high level (+),
middle level (0), and low level (-). Then,
response data is processed under optimal
conditions, and factors are obtained (Wyantuti
etal.,, 2021).

Biosensors based on an aptamer as an
identifying element are referred to as
aptasensors. Streptavidin can bind to the
biotinylated aptamer, as reported in several
aptasensor studies (Dundas et al.,, 2013).
Streptavidin is a biotin-binding tetrameric
protein isolated from Streptomyces avidinii
(Sedlak et al., 2020). Streptavidin has four
identical subunits, each of which can bind biotin
with high affinity and specificity. The
interaction that occurs between streptavidin-
biotin is a non-covalent bond by biotin that
binds to the tryptophan amino acid in the
subunit. Biotinylation is the process of attaching
biotin to proteins, nucleic acids, or other
molecules (Chivers et al., 2011). This article
will discuss chemical analysis carried out with
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chemical sensors or biosensors with aspects of
sustainability as green chemistry by paying
attention to wusing samples and reagents,
carrying out analyses in a shorter, simpler, and
faster way. Biosensors with the advantage of
minimizing the use of the equipment and
conducting analysis on-site, outside the
laboratory, or at the point of care (del Valle,
2021).

In realizing green chemistry, there is a
role for biosensors. Currently, electrochemical
sensors are widely recognized as sensitive
detection tools for disease diagnosis and the
detection of various species of pharmaceutical,
clinical, industrial, food, and environmental
origin. Electrochemical sensors can utilize
materia that are biodegradable and sustainable.
Biosensors can minimize the use of toxic or
hazardous reagents and solvent systems,
thereby further reducing the production of
chemical waste in sensor fabrication. Paper-
based SPCE is a naturally harmless material and
the electrochemical performance of the
biosensor has the benefits of biodegradability,
non-toxicity, sustainability, low cost, and a
sensitive surface (Kalambate et al., 2020). This
article discusses the synthesis of ceria and
silica-ceramic composites and their
characterization, the modification of SPCE with
composites and aptamer immobilization, the
detection of ENaC protein, and optimization
with the Box-Behnken method. The purpose of
this article is to develop an electrochemical
aptasensor optimization at the SPCE/Silika-
Ceria electrode with the Box-Behnken method
of experimental design.

2. MATERIALS AND METHODS
Material and Tool

The materials used in this study were
Silica nanoparticles (Ishmah et al., 2020),
potassium chloride (KCI) (Merck), sodium
hydroxide (NaOH) (Merck), bovine serum
albumin (BSA) (Sigma Aldrich), ethanol
(Merck), methanol (Merck ), cerium nitrate
(Ce(NOs)s.6H20) (Merck), biotin-conjugated
aptamer (biotin 5'- CGG TGA GGG TCG GGT
CCA GTA GGC CTA CTG TTG AGT AGT
GGG CTC C -3') (Abcam), ENaC protein (PT.
Elo Karsa Utama), aqua pro injection (PT.
Ikapharmindo Putramas), streptavidin
(Promega), phosphate buffered saline (PBS) pH
7.4 (VWR), and solid potassium ferricyanide
Ks[Fe(CN)e] (Sigma Aldrich).
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The tools used in this study were screen-
printed carbon electrode (SPCE) (GSI
Technologies, USA), potentiostat (Zimmer and
Peacock), fourier transform infra-red (FT-IR)
spectrometer (Thermo Scientific), scanning
electron microscopy (SEM) (Hitachi TM3000),
particle size analyzer (PSA) (Horiba SZ-100),
and UV-Vis spectrophotometer (Thermo
Scientific G10S UV-Vis).

Preparation of Ceria Nanoparticles

Two g of cerium nitrate hexahydrate
(Ce(NO3)3.6H,0) was dissolved in 50 mL of
aqua pro injection. Then, the solution was
stirred and 25 mL of 0.1 M NaOH was dripped
with constant stirring for 30 minutes at room
temperature. After that, the mixture was
allowed to stand for 1 hour until a pale
yellowish-white precipitate was obtained. The
mixture was centrifuged at 8000 rpm for 20
minutes. Then, the precipitate was washed
several times, dried at 70 °C for 2 hours, and
cooled to room temperature. Then, the solid was
calcined overnight at 240 °C to obtain a powder
of ceria nanoparticles.  Solids  were
characterized by UV-Vis spectrophotometer
and PSA (Ali et al., 2018).

Preparation of Composite

Silica resulting from extraction carried
out by (Ishmah et al., 2020) was added to a
mixture of 4.5 mL of distilled water and 14.5
mL of absolute ethyl alcohol, then sonicated for
15 minutes. The mixture was sequentially added
0.018 g silica for 3 minutes, 0.1031 g CeO, for
45 minutes, and 10 mL aqua pro injection for 20
minutes in a sonicator, then the mixture was
cooled at room temperature. The mixture was
centrifuged at 6000 rpm for 10 minutes to form
a composite CeO,-SiO, precipitate. The
precipitate was dried at 110 °C for 2 hours, and
the solid was calcined at 500 °C for 5 hours.
Then, the solid is dispersed in 50 mL of
methanol. Solids were characterized by UV-Vis
spectrophotometer and FTIR (Phanichphant et
al., 2016).

Modified of SPCE/Silica-Ceria Composite
SPCE was washed to remove dirt on the
surface of SPCE with aqua pro injection two
times, and then SPCE was dried at room
temperature (Ismail et al., 2020b). The
composite solution was dripped onto the SPCE
surface and left to dry. Then the SPCE was
rinsed with aqua pro injection, and the SPCE
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was left to dry. SPCE was characterized using
voltammetry with the differential pulse
voltammetry (DPV) method in 10 mM
Ks[Fe(CN)6] containing 0.1 M KCI as a
supporting electrolyte at a potential range of -
1.0 to 1.0 V with a scan rate of 0.008 V/s and
characterized by energy-dispersive X-ray
spectroscopy (EDS) (Bai et al., 2007).
Immobilization  of  Biomolecules  on
SPCE/Silica-Ceria

SPCE was dripped with 50 pg/mL
streptavidin on its clean surface and incubated
in the refrigerator, then rinsed and dried. SPCE
was added with 0.5 pg/mL aptamer-biotin, as
much as 10 puL. SPCE was incubated, rinsed,
and dried. SPCE was added to 15 uL of 1% BSA
for 20 minutes and then rinsed. Next, SPCE was
dripped with 15 uL of ENaC protein and SPCE
was incubated for 20 minutes, rinsed, and dried.
SPCE was characterized using DPV in 10 mM
Ks[Fe(CN)g] containing 0.1 M KCI as a
supporting electrolyte over a potential range of
-1.0 to 1.0 V at a scan rate of 0.008 V/s and
characterized by EDS (Bai et al., 2007).

Parameter Optimization

Optimizing the parameters that affect the
experiment, the parameters used are ENaC
aptamer concentration (X1), streptavidin
protein incubation time (X2), and ENaC
aptamer incubation time (X3). Factors are
designed at 3 different levels in Table 1.

Table 1 Factor and level of analysis of optimization
of experimental conditions
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method are temperature and time of calcination,
addition, type of surfactant, and temperature
during synthesis (Jalilpour & Fathalilou, 2012).
The ceria particle synthesis used cerium (I11)
nitrate hexahydrate and sodium hydroxide as
precipitants (Fadzil et al., 2018). The results of
the UV-Vis spectrophotometric
characterization of the ceria particles show
absorbance peaks at 308 nm (Figure 1a). The
maximum wavelength is generally 250-400 nm
(Pujar et al., 2018). The PSA characterization is
used to determine the size of the ceria particles
in dispersions using the dynamic light scattering
method. The PSA results in Table 2 show that
the size of the ceria particles formed is 251.6
nm. The polydispersity index (Pl) value
describes the width or narrowness of a particle
size distribution. The higher the PI value, the
more unstable the nanoparticles are. If the PI
value is > 0.7, it has a wide distribution of
particle sizes which causes low stability,
making it easy to agglomerate quickly (Danaei
et al., 2018). The PSA results found that the PI
value was 0.3, so this synthesis result was quite
stable.

Table 2. The result data of particle ceria
characterized using PSA.

Histogram Operations Size (nm)
Size (Median) 251.6
Size (Average) 288.2

PI 0.379

. Level
Factor Unit 1 0 ")
ENaC aptamer pub/mL. 05 1 15

concentration (X1)

Streptavidin protein ~ Minutes 30 60 90
incubation time (X2)

ENaC aptamer Hours 1 2 16
incubation time

(X3).

3. RESULTS AND DISCUSSION
Various methods, including the simple
precipitation method, can synthesize ceria
nanoparticles. The precipitation method is one
of the most promising techniques due to its
inexpensive starting materials, simple synthesis
processes with reproducible results, and
commonly available equipment. Factors that
affect the synthesis with the precipitation

Characterization of Silica Nanoparticles

The UV-Vis spectrophotometric
characterization results of silica nanoparticles
have a peak at 300 nm, as shown in Figure 1b.
Based on the data that the peaks of silica
nanoparticles are at wavelengths around 200-
800 nm, and particle size can also affect the
absorption wavelength (Intartaglia et al., 2012).
Then, PSA characterization was also carried out
to determine the size of the silica nanoparticles
formed. The PSA results in Table 3 show that
the silica particles formed are 99.7 nm in size.
A particle can be a nanoparticle if it has a
particle size < 100 nm (Vert et al., 2012), so the
silica used is nanoparticle size. The result of the
Pl value was known to be 0.3, so the silica
nanoparticles obtained were stable because the
Pl value <7.
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Table 3 The result data of particle ceria
characterized using PSA.

Histogram Operations Size (nm)
Size (Median) 99.7
Size (Average) 114.3
PI 0.395
Characterization of Silica-Ceria

Nanocomposites

Preparation of composites for modifying
the electrode. Silica-ceria nanocomposites with
small crystal sizes and large surface areas can
withstand even high-temperature conditions
because the primary crystals offered are
amorphous silica. In the formation of
composites, silicon oxide acts as a source of
silica and ceria as a precursor (Nguyen et al.,
2019).

UV-Vis  spectrophotometry  results
showed nanocomposite silica-ceria to have an
absorption peak at 337 nm with a small peak at
231 nm (Figure 1c). The peaks at the maximum
wavelength range for silica-ceria composites
are in the range of 250—400 nm (Xunwen, 2020)
and research has small shoulders around 200—
300 nm (Dalmis et al., 2020).

The electrode was modified with a silica-
certain composite with a mole ratio of 1:2 due
to optimal conditions in previous studies
(Xunwen et al., 2020). In Figure 2, silica
particles have a smooth surface and are
negatively charged in neutral or alkaline
dispersions. When Ce(NO3)3.6H.0 is added,
positively charged Ce®* ions are attracted to the
surface of SiO- via electrostatic interactions in
a weakly basic environment.

The results of FTIR characterization can
be wused to identify compounds, detect
functional groups, and analyze mixtures of the
samples. In Figure 3, the peaks are obtained at
frequencies of 3440.9 cm™® (O-H stretching),
2015.22 cm? (C-H), 549.35 cm?® (Ce-0),
1621.51 cm (O-H bonding), 1095.3 cm™ (Si-
O-Si), and 491.28 cm (Si-O). Based on Ishmah
et al. (2020) and Calvache-Mufioz et al. (2017).
The FTIR results of this study indicate that the
procedure can form composites.

Zakiyyah, et. al.
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Figure 1. The results of characterization using a UV-
Vis spectrophotometer a) Ceria particles have a
maximum wavelength of 308 nm b) Silica
nanoparticles have a wavelength of 300 nm c) Silica-
Ceria composite has a maximum wavelength of 337
nm with a small peak at 231 nm.
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Figure 2. Schematic of the reaction silica-ceria
composite adapted by Nguyen et al., 2019, created
by biorender.com.

H|gh temperature




Jurnal Kimia Valensi, Vol. 9, No. 1, May 2023 [1-12]

SPCE/Composite Characterization

Electrode modifications are needed to
increase the sensitivity to the required biosensor
sensing. Figure 4a shows the peak current from
the unmodified or bare SPCE and Figure 4b
shows a significant increase in the current
generated by the SPCE after being modified by
the silica-ceria composite. The following is the
ferri-ferrocyanide redox reaction at the
electrode surface that occurs (Scholz, 2010):

[Fe(CN)g]* + ¢ — [Fe(CN)e]*

[Fe(CN)s]* — [Fe(CN)e]* + e

%T

35IOO 30(IJO ZSIOO 201)0 lSIOO 10‘00 560 0
Wavenumbers (cm!)
Figure 3. FTIR spectrum of silica-ceria
nanocomposite.
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8.0 1
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20 -L_\/

0.0

-1.0 -0.5 0.0 0.5
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Figure 4. DPV characterization results from SPCE
before and after composite modification. a) bare
SPCE and b) SPCE/composite.

Characterization of Biomolecule
Immobilized on SPCE/Composites

In modifying the electrodes,
biomolecules used that function so that specific
bonds occurred in biosensor analysis. The use
of biomolecules in biosensors, especially
electrochemistry, is growing because it is
important and needed, namely for detecting low
and fast but simple limits. Immobilising the
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streptavidin  biomolecule on the electrode
surface can bind specifically to the previously
designed ENaC aptamer (Komala et al., 2021)
with a biotin end. The interaction is one of the
strongest non-covalent interactions in nature
because it has a high affinity between
streptavidin and biotin. The interactions are
hydrogen bonds and van der Waals forces,
which are hydrophobic. The streptavidin-biotin
interaction also binds like an antibody to an
antigen, namely lock and key (Chivers et al.,
2011).

On the composite, when streptavidin
protein is added, adsorption occurs due to
electrostatic, hydrophobic, and physical
adsorption interactions. Some factors influence
the condition of the atmosphere's pH and
concentration (Hyre, 2006). Ceria in the silica-
ceria composite strongly interacts with the -NH>
group to bind streptavidin and thionine for
matrix metalloproteinase 2 biosensors, and
ceria can form bridge bonds with the carboxyl
functional groups of antibodies even without
the addition of other agents (Hartati et al.,
2021). The amphipathic structure of proteins
can be nonspecifically bound to the silica
surface due to the curvature of the silica and
molecular weight, the constant affinity of the
protein, and the adsorption process (Ma et al.,
2015).

Figure 5 shows the characterization
results using DPV on SPCE with modified
composites and biomolecules. The peak DPV
currents of (5a) SPCE/composite, (5b) bare
SPCE, (5¢) SPCE/composite/streptavidin, (5d)
SPCE/composite/streptavidin/aptamer, and (5e)
SPCE/composite/streptavidin/aptamer/ENaC,
respectively 9, 3, 9, 3, 2, and 1 A shows a
decrease in current after the addition of
biomolecules.  Biomolecules are  non-
conductive large molecules, so they can inhibit
electron transfer, which results in a decrease in
the peak current from Ks[Fe(CN)e]. (Hartati et
al., 2021).

In Table 4, the EDS characterization
result shows four elements contained in the
modified SPCE composite, namely carbon,
which is the content of the SPCE electrode used;
oxygen; silicon; and cerium, which are present
in the composite. So, the results indicate that
SPCE modified the composite.

The EDS characterised the results for the
SPCE-modified streptavidin  biomolecules.
Table 5, There are five elements, namely
carbon, which is the content of the SPCE
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electrode used; oxygen, silicon, and cerium,
which are present in the composite; and
nitrogen, which is the content present in the
streptavidin protein. So, the results indicate that
SPCE is immobilized streptavidin.

12.0 -

10.0 -

8.0 1

6.0 1

Crrunt/pA

4.0 -

Potential/V

Figure 5 DPV characterization results from a)
SPCE/composite, b) bare SPCE, C)
SPCE/composite/streptavidin, d)
SPCE/composite/streptavidin/aptamer, e)
SPCE/composite/streptavidin/aptamer/ENaC.

Table 4. EDS characterization results on
SPCE/composite surfaces

Element Weight %
Carbon 8.699
Oxygen 29.260
Silicon 7.024
Cerium 55.017

Table 5. EDS characterization results on
SPCE/composite/streptavidin surfaces

Element Weight %
Carbon 37.601
Oxygen 24.130
Silicon 2.275
Cerium 32.621
Nitrogen 3.372

Determination of Optimum Conditions with
The Box-Behnken Experimental Design

Optimization factors carried out in this
study were aptamer concentration (X1),
streptavidin incubation time (X2), and ENaC
aptamer incubation time (X3). For each factor,
the lowest and highest values were determined
from previous experiments conducted by
Hartati et al. (2020) regarding an immunosensor
to detect the ENaC protein, which has been
carried out with a well-designed range of
values.

Zakiyyah, et. al.

Table 1 shows that each factor is
designed through three levels, namely the
lowest (-1), middle (0), and highest (+1) levels.
The Box-Behnken design is arranged into three
replication blocks for three repetitions so that
the number of experiments becomes 45, with
the response results in the form of a current
response shown in Table 6.

The measurement results are processed
using Minitab 19 with the ANOVA method, so
the response is to obtain the optimum current.
This method is a statistical analysis widely used
in experimental research to find the optimal
value of a response. Based on the results of the
ANOVA analysis, the factors that significantly
influenced the experiment had a P-value 0.05.
Table 6 shows the results of the responses of
each factor carried out in the experiment. Based
on the current response obtained, it is analysed
to obtain the coefficient of the response function
in Equation 1.

Y = -1379 +0597X; +0.0688 X,
+0.484 X5 +0.004 X;2 -0.000463
X2 -0.02091 X2 - 0.00927 X; Xz
- 0.0459 X1 Xs- 0.000667 XoXs.... (1)

Where X1is ENaC aptamer concentration, X2 is
Streptavidin protein incubation time, and X3 is
ENaC aptamer incubation time.

Based on Equation 1, it shows that factors
with negative values affect decreasing the
response, while factors with positive values
affect increasing the response in the experiment.
In Figure 6, the results of the Box-Behnken
design obtained optimum conditions for each
factor, namely the ENaC aptamer concentration
of 0.5 ug.mL?, streptavidin protein incubation
time of 30 minutes, and ENaC aptamer
incubation time of 1 hour. Then, this optimum
condition is used for every detection of the
ENaC protein.

In Table 7, the optimization results
obtained two factors that significantly
influenced the study because the concentration
factor of the ENaC aptamer and the incubation
time factor of the ENaC aptamer had a P-value
of less than 0.5. The lack of fit of the research
obtained a P-value of 0.2047 or greater than
0.05, so it can be concluded that the resulting
linear model is appropriate. Lack of fit indicates
a deviation or inaccuracy of the linear model, so
the tests aim to detect whether the linear model
is appropriate (Jekel et al., 2018).
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Figure 6. The graph of the aptasensor optimization results uses the Box-Behnken design
Table 6. Factor, level anlevel,rent response analysis optimization of experimental conditions
ENaC aptamer Streptavidin incubation ENaC aptamer Response

concentration (ug.mL™) time (Minute) incubation time (Hours) (nA)
0.5 30 2 1.124
15 30 2 1.618
0.5 90 2 1.289
15 90 2 1.493
0.5 60 1 1.378
1.5 60 1 1.116
0.5 60 16 2.704
1.5 60 16 1.673
1 30 1 1.150
1 90 1 1.124
1 30 16 2.416
1 90 16 1.211
1 60 2 1.352
1 60 2 1.531
1 60 2 1.742
0.5 30 2 1.262
1.5 30 2 1.359
0.5 90 2 1.078
1.5 90 2 1.191
0.5 60 1 1.42
1.5 60 1 1.325
0.5 60 16 2.396
15 60 16 2.326
1 30 1 1.312
1 90 1 1.103
1 30 16 1.625
1 90 16 1.634
1 60 2 1.776
1 60 2 1.842
1 60 2 1.666
0.5 30 2 1.105
1.5 30 2 1.208
0.5 90 2 2.82
1.5 90 2 1.528
0.5 60 1 1.278
15 60 1 1.670
0.5 60 16 2.795
15 60 16 1.842
1 30 1 1.292
1 90 1 1.373
1 30 16 1.369
1 90 16 1.297
1 60 2 2.119
1 60 2 2.328
1 60 2 2.193
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Table 7. P value of ANOVA results for each factor

P Value
ENaC aptamer concentration 0.0499
Streptavidin incubation time 0.5358
ENaC aptamer incubation time 0.0001
Lack of fit 0.2047

4, CONCLUSIONS

The silica-ceria nanocomposite
characterised by DPV shows an increase in the
current peak [Fe(CN)s]**". The streptavidin and
biotin-aptamer ~ biomolecules  could  be
immobilised via non-covalent interaction on the
electrode surface. The optimum conditions of
the experiment were obtained through the Box-
Behnken experimental design, namely aptamer
concentration, streptavidin incubation time, and
aptamer incubation times of 0.5 pg.mL?, 30
minutes, and 1 hour. This showed the
development of a modified electrochemical
aptasensor method with nanocomposites
developed to detect ENaC as a hypertension
biomarker. In green chemistry, the biosensor
method could reduce reagents and samples as
well as point of care. In addition, the
chemometric method was applied to optimise
the method. Using silica derived from natural
materials is a good resource utilisation strategy
and can continue to be a future development in
biosensors.
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