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Abstract
A nanocomposite of natural silica and ceria was synthesized to modify a screen-printed
carbon electrode (SPCE) to develop an aptasensor to detect epithelial sodium channel
(ENaC) protein in urine as a biomarker of hypertension. The method steps were the
synthesis of natural silica-ceria nanocomposite using the hydrothermal method,
obtaining of natural silica nanoparticles from the extraction of alkaline silica sand and
ceria nanoparticles from cerium nitrate, modification of SPCE/natural silica-ceria,
immobilization of aptamer through streptavidin-biotin, and detection of ENaC protein
concentration. Box-Behnken’s design was employed to determine the optimal con-
ditions of aptamer concentration (0.5 ug mL), streptavidin incubation time (30 min),
and aptamer incubation time (1 hour), respectively. Differential pulse voltammetry
(DPV) characterization of the developed electrochemical aptasensor revealed that the
[Fe(CN)s]*”# redox peak current increased from 3.190 to 9.073 uA, with detection and
quantification limits of 0.113 and 0.343 ng mL™, respectively. The method is proven as
a simple and rapid method to monitor ENaC levels in urine samples.

Keywords
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Introduction

In the development of electrochemical-based biosensor methods, electrode modification is
the most important step to immobilize bioreceptors onto the electrode surface [1]. In addition
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of improving biosensor performance, the basic functions of nanoparticles can be mainly
classified as: 1) immobilization of biomolecules; 2) catalysis of electrochemical reactions; 3)
enhancement of electron transfer; 4) labeling biomolecules and 5) acting as the reactant [2].
Many types of nanomaterials have been reported to modify electrode surfaces, for example, a
screen-printed carbon (SPCE) immunosensor was modified with AuNP [3-8], and SPCE
aptasensor was modified with ceria [3,9,10]. Silica-based nanocomposites have been widely
developed as electrode modifiers, such as silica-Au nanocomposite for the detection of the
enzyme glucose oxidase [11], c-creative protein [12], and arsenic detection [5]. Silica-modified
SPCE for sensors has already been reported [5,13,14] . It is worth noting that SPCE is an
electrode that combines a carbon working electrode, Ag/AgCl reference electrode, and carbon
counter electrode in one compact and easy-to-use design [15].

Silica nanoparticles can be made into composites with metal nanoparticles [16]. Silica
nanoparticles used for dopamine detection in biosensors demonstrate excellent performance
and low detection limits [17]. Silica composites are used in electrochemical sensors because
they have a very high specific surface area [5], while biologically modified silica composites in
mono or multilayer configurations are commonly applied in electroanalysis, especially in the
field of biosensors [18]. Silica-ceria composite is an interesting material because silica can
improve the thermal stability and texture of ceria. Typically, silica-ceria composites are
synthesized by the hydrothermal method [19] with silica obtained from various sources or
precursors. Natural sand is a commonly use source of silica which is mixed with oxides and other
minerals and therefore, a separation is needed to obtain pure silica by the alkaline fusion
method [20]. Up to now, SPCE electrode modified with natural silica-ceria composite has never
been carried out, and only synthetic silica was applied in biosensors to detect some inorganic
compounds [21,22]. One of the uses of natural silica produced from natural sand in this study
[20] is to stabilize ceria nanoparticles.

Ceria nanoparticles are transition metal oxide (CeO;) elements that have good potential in
the development of biosensors with high electron mobility due to high oxygen storage capacity
in its structure, redox transition ability, enhanced electron transfer, biocompatibility, and high
conductivity. All these properties improve sensitivity, selectivity, stability, and long-term
maintenance of biosensor bioactivity [23]. When Ce(NOs);-:6H,0 is added to the silica
dispersion, the positively charged Ce3* ions are attracted to the surrounding silica through
electrostatic interactions, and precipitate on the surface of the silica in a weakly alkaline
environment [24]. Ceria from the silica-ceria composite strongly interacts with —NH; groups to
bind streptavidin and thionine for the matrix metalloproteinase-2 biosensor, and can form a
bridge bond with the carboxyl functional group of the antibody even without the addition of
other agents [3]. The amphipathic protein structure can non-specifically bind to the silica
surface due to the curvature of the silica and the molecular weight, protein affinity constants,
as well as the adsorption process. Adsorption as a non-covalent electrostatic interaction model,
with the layer by layer (LbL-ESA, or LbL) electrostatic assembly method is used in bioconjugation
with silica [25]. By comparing the effect of the size of the material on the electrode, Damiati et
al. [26] showed that it has a direct impact on the electrochemical response and sensitivity of
the biosensor. It is known that smaller sized electrodes exhibit higher sensitivity, attributed to
the better structural material properties due to the presence of the nearest neighbor.

Based on previous research, a biosensor can detect hypertension with the ENaC protein
biomarker [27]. Hypertension occurs when an individual experiences increase in blood pressure
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above normal and is associated with increased morbidity and mortality [28]. The epithelial
sodium channel (ENaC) is a major regulator of salt and water reabsorption in many epithelial
tissues, while abnormalities of ENaC function are directly associated with hypertension [29].
The ENaC controls the rate limiting step of sodium reabsorption in epithelial cells and is located
on the apical membrane of cells in the distal nephron which is responsible for controlling Na*
reabsorption. ENaC protein in urine is a biomarker of hypertension as ENaC expression
promotes Na* retention, leading to an increase in blood pressure [30,31].

Typically, ENaC protein is detected by enzyme-linked immunosorbent assay (ELISA) [4,32],
but this method is time consuming and expensive [27]. Inmunosensors can detect low levels of
ENaC [3,31] since using antibodies as bioreceptors is highly selective and sensitive [33].
However, antibody based methods are relatively expensive for commercial purposes and
therefore alternative methods have been developed, such as the determination of ENaC protein
levels through its interaction with aptamers [34]. Aptamers are single stranded RNA or DNA
synthetic oligonucleotides selected through in vitro method known as Systematic evolution of
ligands by exponential enrichment (SELEX) which can bind to its target with high affinity and
specificity due to its three-dimensional structure. The advantages of aptamers over antibodies
are high stability, easily synthesis and modification, low immunogenicity, and possibility of
recognition a wide variety of molecules [5]. Thus aptasensors have high affinity, lower costs,
and are easier to modify [35]. The use of streptavidin to bind to biotinylated aptamers has
already been reported [8,36] . The biotinylated aptamer in this study was used from a previous
study [37]. This paper reports the development of an aptasensor using a modified silica-ceria
SPCE to detect ENaC protein as a biomarker of hypertension.

Experimental

The materials used were biotinylated aptamer (biotin 5’- CGG TGA GGG TCG GGT CCA GTA
GGCCTACTGTTG AGT AGT GGG CTC C-3’) (Abcam), ENaC protein, bovine serum albumin (BSA),
potassium ferricyanide Ks[Fe(CN)e] (Sigma Aldrich), streptavidin (Promega), phosphate buffer
saline (PBS) pH 7.4 (VWR), potassium chloride (KCl) (Merck), sodium hydroxide (NaOH) (Merck),
absolute ethanol (Merck), methanol (Merck), cerium nitrate (Ce(NOs3);.6H.0) (Merck), sample
urine (non-hypertention) and double distilled water (PT. Ikapharmindo Putramas).

Screen-printed carbon electrode (SPCE) (DWG No. 9601626, GSI Technologies, USA)
consisting of the carbon working electrode (WE), carbon counter electrode (CE), and reference
Ag/AgCl electrode (RE), (Zimmer and Peacock), connected to a computer using software
PSTrace 5.8. 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 silica-ceria nanocomposites

Ceria nanoparticles were synthesized by first dissolving 2 g of cerium nitrate hexahydrate
(Ce(NO3)3-6H,0) in 50 mL double distilled water before the dropwise addition of 25 mL (0.1 M)
sodium hydroxide (NaOH) solution with constant stirring for 30 minutes at room temperature.
The pale yellowish white precipitate formed within 1 hour, and was collected by centrifugation at
8000 rpm for 20 min. The pellets were washed by double distilled water several times, dried at
70 °C for 2 hours, and cooled to room temperature before calcining at 240 °C overnight to obtain
the nanoparticle ceria powder that was characterized by UV-Vis spectroscopy, FT-IR, and PSA [38].
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Silica was obtained from in house synthesis as previously described [39]. The ceria-silica
composite was prepared by mixing 4.5 mL of distilled water and 14.5 mL of absolute ethyl
alcohol and stirring sonochemically for 15 minutes before addition of 0.018 g of ground silica.
The solution was stirred sonochemically for 3 minutes and 0.1031 g of solid ceria was added
and mixed for 45 minutes. Immediately after mixing, 10 mL of double distilled water was added
and stirred continuously for 20 minutes. The solution was centrifuged for 10 minutes at 6000
rpm and the silica-ceria composite was then dried at 110°C for 2 hours and calcined at 500 °C
for 5 hours before redissolving in 50 mL methanol. The composites were made in various
concentrations (0.007, 0.01, and 0.03 mM). The ceria-silica composite was characterized by
UV-Vis spectroscopy, FTIR, and SEM [40].

Characterization of silica-ceria nanocomposite

In this work, particle size analyzer (PSA, Horiba SZ-100) was used to characterize the particle
sizes, scanning electron microscopy (SEM, Hitachi TM3000) to characterize the surface
morphology of electrodes, and UV-Vis spectrometer (Thermo Scientific G10S UV-Vis) to analyze
the UV block properties of the samples. The stability of the surface functional groups was
examined by FTIR (Thermo Scientific), while differential pulse voltammetry (DPV, Zimmer and
Peacock) was used for electrochemical measurements.

Preparation of SPCE

SPCE electrodes were washed twice to remove impurities physically adsorbed on the
electrode surface with double distilled water, then dried at room temperature and
characterized using SEM and DPV in 10 mM Ks[Fe(CN)g] solution in 0.1 M KCl as the supporting
electrolyte [21].

Modification of SPCE with silica-ceria nanocomposite

The composite solution was dropped onto the surface of the SPCE and allowed to dry before
rinsing with double distilled water and characterized using SEM-EDS and DPV performed as for
bare SPCE [11].

Immobilization of streptavidin on SPCE/silica-ceria

Ten microliters of 50 pg mL*? streptavidin solution was dropped onto the surface of the
SPCE/silica-ceria and incubated in the refrigerator. The obtained SPCE/silica-ceria/STV electro-
des were rinsed and characterized using SEM-EDS and DPV as described above [11].

Immobilization of biotinylated aptamer on SPCE/silica-ceria/STV
Ten microliters of 0.5 ug mL! aptamer-biotin solution was added to the dry SPCE/silica-
ceria/STV, and then measured by DPV as in previous stages [11].

Determination of aptasensor response to ENaC protein

Fifteen microliters of 1 % BSA was added to the electrode for 20 minutes, then rinsed by
double distilled water before 15 pL of ENaC solution was dropped onto the electrode and
incubated for 20 minutes. Then, DPV was performed in conditions described in previous
sections. The schematic of this aptasensor preparation and testing is shown in Figure 1.
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Figure 1. Preparation and testing of electrochemical aptasensor using a nanocomposite-streptavidin-
aptamer to detect ENaC protein

Optimization of parameters using the Box-Behnken method

The parameters used were variations in the concentration of the ENaC aptamer (X1), the
incubation time of the SPCE-nanocomposite (X2), and the incubation time of the SPCE-
nanocomposite-aptamer (X3). The factor is designed through 3 different levels, namely the
lowest (-1), medium (0), and highest (+1) level, as shown in Table 1.

Table 1. Factors and levels of optimization analysis of experimental conditions

Factor Level
-1 0 +1
ENaC aptamer concentration (X1), mg mL? 0.5 1 1.5
Streptavidin incubation time (X2), min 30 60 90
ENaC aptamer incubation time (X3), h 1 2 16

Calibration curve, detection limit, and quantification limit

Various concentrations of ENaC solutions (0.047, 0.094, 0.187, 0.375, 0.75, 1.5 and 3.0 ng mL?)
were measured by the electrochemical aptasensor with differential pulse voltammetry (DPV)
method, in 0.1 M KCl containing [Fe(CN)s]*”3> redox system. The potential range of -1.0 to +1.0 V
and a scan rate of 0.008 V/s using the optimal conditions determined from the Box-Behnken
method. A linear curve of the difference between average peak current values (Al) vs. the
concentration for each measurement was evaluated to determine limits of detection (LOD) and
quantification (LOQ), precision, and recovery values.

Determination of ENaC recovery in urine samples

Samples were prepared by the standard addition method [41,42], i.e. 20 pL urine sample was
spiked with 2 pL of various concentrations of ENaC (1, 2, and 3 ng mL?), and 2 ulL of phosphate
buffer saline (PBS) was used as a control. The electrochemical response of aptasensor was
measured by DPV using a redox system of 10 mM Ks3[Fe(CN)s] solution in 0.1 M KCI, in the
potential range of -1.0 to +1.0 V at a rate of scan 0.008 V/s.
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Results and discussion

Characterization of ceria NPs, silica-ceria composite, and SPCE

Characterization of the precipitated synthesized ceria, silica-ceria composite, and modified
SPCE is shown in Figures 2-4.

Figure 2a shows the UV-Vis spectrophotometry results of ceria particles, showing a peak at
308 nm which is within the normal range of 250-400 nm [43]. This peak is produced by the
transition of electrons from the 2p O level to the 4f Ce level and by the 4f-5d electronic
transition in Ce3* [44]. Based on Figure 2b, the silica nanoparticles showed a peak at 300 nm
with an average particle size of 99.7 nm. The ceria-silica nanocomposite in Figure 2c showed
absorption peak at maximum wavelength of 337 nm, with a small peak at 231 nm. The maxi-
mum wavelength peak range for the ceria-silica composite is 250-400 nm [24] as reported by
Dalmis et al. [45], and Vaja et al. [46], where a small shoulder observed is around 200-300 nm.
The UV-Vis absorbance of most of the ceria comes from the charge transfer transition from O 2p
to Ce 4f, and the spectrum shows two overlapping absorption peaks caused by the indirect and
direct transitions. Usually, the absorption edge energy is calculated assuming direct and indirect
transitions [46].
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Figure 2. UV-Vis characterization of (a) ceria with a maximum absorption wavelength at 308 nm,
(b) ceria-silica nanocomposite with a maximum absorption wavelength at 337 nm and a small peak at
231 nm, (c) silica nanoparticles with a maximum absorption wavelength at 300 nm

Figure 3a of the particle size analyzer (PSA) characterization shows that the ceria particles
were 251.6 nm in size, classifying them as microparticles as they were >100 nm. Figure 3b shows
that the silica nanoparticles were 99.7 nm, i.e. nanoparticles. In this study, a composite modified
electrode with composites that are materials consisting of two or more materials that have
different properties with their constituent properties remaining in the resulting material [47].

The electrodes were modified with composites silica-ceria in 1:2 mole ratio as in a previous
study [24]. Silica particles have a smooth surface and are negatively charged in neutral or basic
dispersions. When Ce(NOs);-6H20 is added to the silica dispersion, the positively charged Ce3*
ions are attracted to the vicinity of SiO, through electrostatic interactions and precipitate on
the surface of SiO; in a weakly alkaline environment.

Figure 4a shows the FTIR characterization of the silica-ceria nanocomposite, with peaks at
3440.9 cm™ indicating OH stretching, 549.35 cm™ (Ce-0), 1621.51 cm™ (OH bonding, 1095.3 cm™
(Si-O-Si), and 491.28 cm™ (Si-O). Figure 4b shows the peak at a frequency of 549.35 cm™
confirming Ce-O bond [44,48] . Figure 4c shows a peak at 1097.973 cm™ indicating Si-O-Si bonds
and 421.24 cm™ Si-O bonds [39].
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Figure 3. PSA characterization of (a) ceria particles with a size of 251.6 nm and (b) silica nanoparticles
with a size 0f 99.7 nm
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Figure 4. FTIR spectra of (a) ceria-silica nanocomposite, (b) ceria particles, (c) silica nanoparticles

Characterization and modification of SPCE

Figure 5 shows the surface morphology of the SPCE modified by silica-cerium and
biomolecules, taken with the scanning electron microscope (SEM). Figure 5a shows the
morphology of the bare SPCE surface. In Figure 5b, the surface of SPCE after modification by
the silica-ceria nanocomposite looks different in morphology, suggesting that the composite is
attached to the SPCE surface. After immobilization of streptavidin biomolecules, Figure 5c
shows that SPCE surface looks more homogeneous and denser than before. More
homogeneous and denser surface morphology shown in Figure 5d for SPCE-nanocomposite
after addition of the aptamer also confirms that the electrode surface has been changed. Some
of chemical elements of SCPE-ceria-silica nanocomposite and that modified by biomolecules,
determined by the EDS test shown in Figure 5e and f, are listed in Table 2. According to Table 2,
four elements are contained in the composite-modified SPCE, namely carbon (a component of
the SPCE electrode), oxygen, silicon, and cerium (components of composite), indicating thus the
successful modification of the SPCE electrode by ceria-silica composite. Also, Table 2 shows that
SPCE-nanocomposite modified by streptavidin biomolecules contains carbon, oxygen, silicon,
and cerium as well as nitrogen contained in the streptavidin protein, indicating the successful
modification of the SPCE-nanocomposite electrode by streptavidin biomolecule.
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Figure 5. SEM characterization of (a) bare SPCE; (b) SPCE-nanocomposite; (c) SPCE-nanocomposite-
streptavidin; (d) SPCE-nanocomposite-streptavidin-aptamer, and EDS of (e) SPCE-nanocomposite
surface; (f) SPCE-nanocomposite-streptavidin surface

Table 2. EDS characterization the modified SPCE

SPCE-nanocomposite SPCE-nanocomposite-streptavidin
Element
Content, wt. %

Carbon 8.699 37.601

Oxygen 29.260 24.130

Silicon 7.024 2.275

Cerium 55.017 32.621
Nitrogen - 3.372
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The modification of the SPCE with various concentrations of nanocomposite (0.007, 0.01
and 0.03 mM) was characterized by differential pulse voltammetry (DPV) in 0.1M KCl containing
10 mM Ks[Fe(CN)g], in the potential range of -1.0 to +1.0 V at a scan rate of 0.008 V/s. Figure 6a
shows that the highest [Fe(CN)s]*’* redox peak current was obtained with 0.01 mM
concentration, while at higher concentration of composite (0.03 mM), a decrease in the redox
peak current occurs (Table 3). Silica-ceria composite material is semi-conductor [16,49] that can
increase electron transfer at certain concentrations and conditions. In this experiment, the data
obtained at the concentration of 0.01 mM has an optimum current of ferri-ferrocyanide
reaction, while at higher concentration, the insulator properties increased. Anyhow, Figure 6b
shows that modification of the electrode is needed to increase the sensitivity to the required
biosensor sensing. Figure 6b presents the characterization of bare SPCE electrode and SPCE
electrodes modified with composites and biomolecules, showing firstly an increase in current
due to the presence of composite at SPCE, and then a decrease in the current after the addition
of biomolecules (Table 3). The electrode is modified with biomolecules which function to make
a specific bond in the biosensor analysis. Biomolecule s are large and not conductive, thereby
inhibiting electron transfer which results in a decrease in the redox peak current of K3[Fe(CN)s].
As shown in Figure 6b and Table 3, a modification of the electrode is ultimately needed to
increase the sensitivity to the biomarker.
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Figure 6. DPVs of 10 mM Ks[Fe(CN)s] in 0.1M KCI at: (a) SPCE aptasensor for different composite
concentrations a = ¢ (0.007, 0.01, 0.03) mM and (b) a = g (SPCE-composite; SPCE bare; SPCE-
composite-STV; SPCE-composite-STV-Apt; SPCE-composite-STV-Apt-ENaC)

The use of biomolecules in biosensors, especially electrochemical, is growing as they allow
rapid and sensitive detection. In this study, a streptavidin biomolecules was added to the
electrode surface to bind specifically to the ENaC aptamer [37] with a biotin tag. The interaction
between the aptamer (Apt) and the ENaC protein was analyzed using the Biovia Discovery
Studio Visualizer, showing that the compound has eleven hydrogen bonds, one hydrophobic
interaction, and six electrostatic interactions with four unfavorable interactions or electrostatic
repulsion [37]. The interactions that occur are hydrogen bonds, van der Waals forces, and are
hydrophobic. The streptavidin-biotin interaction also binds like an antibody to an antigen via
non-covalent interaction between the protein and ligand [2].

Streptavidin has four identical subunits, each of which can bind biotin with high affinity and
specificity, and non-covalent bond interactions occur when biotin binds to tryptophan in the
subunit. The non-covalent bond formed between biotin and streptavidin has a higher binding
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affinity than most antigen and antibody bonds and is of similar strength to a covalent bond.
Two amino acids play a role in avidin-biotin interactions, namely tryptophan and lysine [2].

Table 3. DPV characterization the modified SPCE

Electrode modified Peak current, pA
SPCE bare 3.190
SPCE-Composite 0.007 mM 3.063
SPCE-Composite 0.01 mM 9.673
SPCE-Composite 0.03 mM 6.544
SPCE-Composite-STV 3.115
SPCE-Composite-STV-Apt 2.043
SPCE-Composite-STV-Apt-ENaC 1.229

Streptavidin on the surface of the SPCE-nanocomposite will interact with ceria and protein
adsorption can occur due to electrostatic interactions, hydrophobic interactions, and specific
chemical interactions between proteins and nanoparticles, and is influenced by pH and
concentration [50]. If the pH of the acid buffer creates a positive zeta potential due to the
increased concentration of H* ions, the ceria is dispersed with PBS pH 7.4, thus increasing
adsorption of protein on ceria in the composite.

Ceria in the silica-ceria composite strongly interacts with —NH; groups to bind streptavidin and
thionine for the matrix metalloproteinase 2-biosensor, forming a bridge bond with the carboxyl
functional groups of the antibody, even without the addition of other agents [3]. The amphipathic
protein structure can bind to the silica surface non-specifically, due to the curvature of the silica
and the molecular weight, protein affinity constants as well as the adsorption process. Adsorption
as a non-covalent electrostatic interaction model, with the layer by layer (LbL-ESA, or LblL)
electrostatic assembly method, was used in bioconjugation with silica [25].

Characterization and performance of aptasensor

The aptamer used in this study was a modeled ENaC specific ssDNA aptamer designed using
simRNA (69 nt). The charge on the aptamer is negative because it has a phosphate group that
interacts with positive amino acid residues (arginine, histidine, lysine). The interaction of aptamer
with ENaC protein is electrostatic, with good structural complementarity of the aptamer ENaC
and hydrogen bonding. The interaction between the aptamer and ENaC was measured by DPV
based on electron transfer from the [Fe(CN)s]>/* redox system. Figure 6b shows redox peak
currents for streptavidin, interaction of the streptavidin-aptamer and interaction of the aptamer
ENaCon the electrode surface. A significant decrease in the redox peak current value is seen when
the ENaC protein is attached specifically to the aptamer (Table 3).

Experimental optimization according to Box-Behnken method

The aptamer concentration (Xi1), streptavidin incubation time (X2), and ENaC aptamer
incubation time (X3) were evaluated via Box-Behnken experiment design. The experimental
data resulted in the following regression equation:

Y= -1.379 + 0.597X; + 0.0688X; + 0.484X3 + 0.004X;? - 0.000463X22 -

-0.02091X3% - 0.00927X1X; - 0.0459 X1.X3 - 0.000667X2X3 (1)

Based on equation (1), a factor with a negative value affects decreasing the response, while
for a factor with a positive value it affects increasing the response in the experiment. ANOVA
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analysis of the Box-Behnken experiment revealed the P-values of each factor as X; = 0.0499;
X2 =0.5358; X3 =0.0001. The P-value of 0.05 indicates that the factor is significant. In addition,
the P-value of the less of fit (LOF) obtained in this experiment is 0.2047 (>0.05) so it can be
concluded that the resulting linear model is appropriate. LOF indicates a deviation or inaccuracy
to the linear model so that the tests carried out aim to detect whether the linear model is
appropriate. The Behnken Box data revealed optimum conditions for ENaC aptamer concen-
tration of 0.5 ug mL?, 30 min incubation of the streptavidin protein, and 1-hour incubation of
the ENaC aptamer.

Calibration curve, detection limit, and quantification limit

Figure 7a displays the characterization results of the ENaC aptasensor, showing that the
current decreased with increasing ENaC concentration, since more biomolecules are blocked on
the electrode surface, thereby reducing the current. The ENaC protein is a large biomolecule and
is not electroactive, so at higher ENaC concentration, higher is inhibition of the [Fe(CN)s]*/*
electron transfer process.
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Figure 7. DPVs of (a) aptasensor for ENaC concentration variation a = g (0.047, 0.094, 0.187, 0.375,
0.75, 1.5, 3) ng mL* and (b) aptasensor ENaC calibration curve

The calibration curve in Figure 7b shows the optimum experimental conditions to determine
the detection limit of the aptasensor. The linear regression equation obtained was y = 0.1279x +
+0.7369, with R? of 0.9966. Based on the equation, y indicates the change in peak current and x
for the analyte concentration. Determination of LOD and LOQ values in this work includes
determining the smallest concentration of analyte that can be reliably measured by an analytical
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procedure and will be used in real applications. The real application of this research is to detect
analytes in a wide concentration range, so it is important to know the values of LOD and LOQ
concentrations [51]. The detection and quantification limits [52] were determined as 0.113 and
0.343 ng mL?, respectively, with a precision of 98.320 %, accuracy of 99.485 % and recovery of
99.314 % at 0.75 ng mL"ENaC.

Aptasensor performance

The determination of the recovery test was carried out to validate the standard addition
method, with the addition of the standard to the sample for determining the concentration of
non-hypertensive individual samples. Spiking 0, 1, 2, and 3 ng mL™ to the urine sample, and a
standard addition curve was obtained as a voltammetric response by a linear regression
equation. Previous research using the ELISA method showed that a patient of non-hypertensive,
hypertensive with, and without a family history of hypertension, showed ENaC protein levels of
1.12, 2.7 and 4.0 ng mL%, respectively [53]. In this study, the concentration of ENaC contained
in the sample was 0.021 ng mL?, what is less than for the hypertensive range. This suggests that
using an aptasensor based on SPCE/silica-ceria/STV/aptamer is a rapid and easy method to
detect ENaC in urine samples. The determined protein concentration of ENaC of 0.021 ng mL?,
indicates that the developed aptasensor can sensitively determine ENaC in urine samples,
making this method to be an alternative method to the ELISA. Measurement of ENaC
concentration and recoveries obtained are listed in Table 4. The obtained recovery values in the
range of 90-110 % verified the precision of the new method.

Table 4. The recovery of method

Spike sample concentraton, ng ml?! Recovery, %
0.0909 99.00 £ 0.007
0.1818 99.00 £ 0.001
0.2727 99.66 + 0.002

The performance of the aptasensor regarding the repeatability of the signal on the
calibration curve was carried out by a repeat test technique. Signal repetition is precise under
the repeated conditions carried out in this experiment, so that the replication data under the
optimum parameter conditions resulted in RSD value of 0.003 (acceptable) [54]. The calibration
curve in Figure 7b shows the value of R? = 0.9966 (acceptable)[55] and high signal stability with
a narrow error bar.

The selectivity of the aptamer to other proteins has been shown to be very good based on
our previous study which was tested in silico. In that study, the performance of the aptasensor
is performed using disposable electrodes [56].

The LOD and LOQ of the developed aptasensor were determined as 0.113 and 0.343 ng mL*?,
respectively. Compared to previously reported aptasensor results (Table 5), it appears that
previously developed aptasensor by electrodeposition of silica had a lower LOD [3]. However, the
electrodeposition method requires a longer time than dropping of composite solution directly
onto the electrode surface (direct assembly), and thus is faster for detection as a point of care
and mass production. In addition, it is still possible to distinguish the level of ENaC in normal urine
from those with hypertension because of sodium intake.

1236 (@) e |



S. N. Zakiyyah et al. J. Electrochem. Sci. Eng. 12(6) (2022) 1225-1242

Table 5. Comparison of the developed aptasensor performance to previously reported aptasensors

Nanomaterial Technique Target LOD LOQ Ref.
Fluorescence
MSNs-NH, aptamer-based Zearalenone 0.012 ng/mL - [57]
assay
AuNPs/Fes0,@ SiO,/DABCO CV, EIS Epirubicin 0.04 uM - [58]
Accurate .
SNPs fluorescent sensing Aflatoxin B1 8 pg/mL 26 pg/mL [59]
MSF CV, DPV, EIS Streptomycin 0.33 fg/mL - [60]
Silica microspheres-Au NPs SWv C-react.lve 0.0017 ng/mL - [61]
protein
0.01 nM (EIS)
AuNPs/FSN-NH, EIS, DPV Tryptophan 0.026 nM (DPV) [62]

F
SNP luorescence Kanamycin 612 pM ; 63]
emission Spectra

D-vasopressin

GSGHs Cv, DPV (D-VP) 5 ng/mL - [64]

FcSH/SINCs DPV Thrombin 0.06 nmol/L - [65]

GAuUNPs composite DPV Norovirus 100 pM - [66]

Mycotoxin 134 pM (serum)

SWCNTs CV, DRV Ochrotoxin A 58 pM (sample) (671

mSi0:@ MWCNT CV, DPV Thrombin 50 fM - 68]
nanocomposites

Ceria DPV, EIS ENaC protein ~ 0.012ng/mL  0.038 ng/mL [3]
Silica-ceria nanocomposites DPV ENaC Protein 0.113 ng/mL 0.343 ng/mL ;g.rsk
Conclusions

SPCE-modified by natural silica-ceria composite exhibited a better ferro-ferricyanide current
response than SPCE without modification. The [Fe(CN)¢]*/*redox peak current showed an
increase from 3.190 pA for bare SPCE to 9.073 pA for modified SPCE. This proves that the
nanocomposite-modified SPCE electrode exhibits enhanced electron transfer which is generally
beneficial for the detection process. The aptasensor method produces a quick diagnosis (point of
care) when compared to existing methods such as ELISA method. The advantages of silica from
natural materials could contribute to future development of aptasensors and increase their use
value. In this work, the electrodes modified by natural silica-ceria nanocomposite have proven to
detect ENaC protein as a biomarker of hypertension. The obtained LOD of 0.113 ng ml* suggests
that this natural silica-based aptasensor can distinguish ENaC protein levels in urine samples of
normal people and patients with non-hypertensive, hypertensive with, and without a family
history of hypertension, which are higher, i.e. between 1.12 and 4.0 ng mL™.
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