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Abstract- Epithelial sodium channel (ENaC) proteins are proportional to sodium intake and
clinically associated with hypertension. The selectivity of aptamer-based electrochemical
biosensor for ENaC detection has been developed in this study, and the stability of the cerium
oxide modified electrode was reported. The concentration of ENaC was measured using
differential pulse voltammetry of [Fe(CN)s]* - redox system. The aptasensor based on the
bioconjugate of ENaC aptamer with gold nanoparticle (AuNP) using streptavidin-biotin linker,
and immobilized on the screen-printed electrode-CeO2. The ENaC aptamer selectivity was
tested for other proteins that might be present in the urine sample, and the stability of the
modified SPCE was studied throughout storage of SPCE-CeO2-aptamer. The limit of detection
of ENaC protein with this aptasensor was obtained of 0.110 ng mL™, in the linear range of
concentrations 0.05-3.0 ng mL™. The percentage of selectivity of the aptamer to ENaC
compared to creatinine and potassium channel proteins was 79.08%. The cerium oxide
modified SPCE/aptamer bioconjugate is stable up to one year of storage. The developed
aptasensor is simple and can be miniaturized to determine the ENaC concentration in urine for
the realization of a point-of-care device for the early detection of hypertension.

Keywords- Aptamer selectivity; Aptasensor stability; Epithelial Sodium Channel (ENaC);
Electrochemical aptasensor; Hypertension biomarker; CeO2 nanoparticles
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1. INTRODUCTION

Hypertension is one of the most common non-communicable diseases and is a global
public health problem, as serious complications, such as cardiovascular and renal disease, can
arise from uncontrolled hypertension [1]. Blood pressure numbers of less than 120/80 mmHg
are considered within the normal range [2]. According to the World Health Organization,
hypertension complications account for 9.4 million deaths worldwide annually [3].
Hypertension is an abnormal increase in blood pressure, with a sustained increase causing
damage to other organs such as the heart, kidneys, brain, etc. Many genes have been associated
with blooa d pressure control or essential hypertension including epithelial sodium channel
(ENaC), which are candidate genes in the salt-sensitive phenotype [4,5]. However, in most
cases, the studies demonstrating positive associations correspond to an equal or larger number
of studies showing a lack of association with a specific polymorphism [6]. Hypertension
associated with high sodium levels can be detected by determining the amount of ENaC
protein, as the higher the sodium concentration, the higher the ENaC protein activity to absorb
sodium [7,8].

ENaC has been demonstrated to be involved in reabsorthe ption of filtered Na* in the distal
nephron, including the aldosterone-sensitive distal nephron (ADSN) and the collecting duct
[9]. ENaC protein is used as a biomarker of hypertension because it functions as the primary
channel to control the level of renal sodium reabsorption, which is crucial for the
regulation/nomeostasis of the extracellular fluid volume, electrolyte balance, and long-term
blood pressure [10]. There are several methods to detect ENaC protein, such as ELISA [4],
electrochemical immunosensor [7,8], optical biosensor [11], and electrochemical aptasensor
[12].

The use of an aptamer as a sensing element has numerous advantages because of its
specific characteristics, such as high stability against increasing temperature, pH, and organic
solvents, can recognize a variety of targets, high affinity, and specificity, efficiently interacting
with large molecules such as proteins and cells, as well as small molecules such as nucleotides,
organic dyes, amino acids, and metal ions [13-16]. An aptamer has been reported to have
binding energy with ENaC protein of -206,94 kJ.mol™* as a result of in silico rational design
[17].

To improve the sensitivity of an electrochemical aptasensor, there have been widely
reported the use of nanomaterials as electrode modifiers, as well as biolements, such as the
formation of bioconjugates. One of them is gold nanoparticles (AuNPs) which have acquired
an imperative and noteworthy position in the field of clinical diagnostic methodologies and
therapeutics [18]. The use of bioconjugates in electrochemical biosensors has been widely
developed to accelerate the detection process and increase sensitivity. In addition, the use of
bioconjugate with nanoparticles could enable the biosensors to be more selective and sensitive
and increase the ratios of signal versus blank [7,19-21]. Gold nanoparticles can be directly
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conjugated with bioelement through physical absorption and ionic or covalent bonding [22-
26]. The formation of bioconjugates by adsorption of streptavidin on the AuNP surface has
shown good results [27-29].

Modifying the electrodes is also one way to increase the sensitivity of an electrochemical
biosensor. One modification of the carbon-based electrode with cerium oxide has been reported
to result in better electrode performance due to the unique properties of cerium oxide such as
good conductivity, and facilitating redox transfer properties [12,30,31]. CeO:z: is a choice that
leads to astonishing catalytic reactivity owing to the extraordinary mobility of surface oxygen
vacancies. Due to Ce**'Ce®* rearrangement, the oxygen vacancies modify the electronic and
valence arrangement and potentially provide for the oxidation of carbonaceous species
[32,33,34].

The use of a screen-printed carbon electrode (SPCE) electrochemically modified with
CeO:2 has been successfully carried out by obtaining a low detection limit using the aptamer
we designed [12,17]. However, the selectivity of the aptamer for several components that may
be present in the urine sample such as creatinine and potassium channel protein, and the
stability of the aptamer with respect to storage time have only been reported in this paper. The
electrochemical aptasensor has been developed for the detection of ENaC protein using SPCE-
Ce02. The aptamer was formed into a bioconjugate with AuNP through the interaction of
streptavidin-biotin, then the AuNP-aptamer bioconjugate was immobilized onto the surface of
the SPCE-CeO: electrode via direct assembly. The optimum experimental conditions including
aptamer concentration, incubation time of the AuNP-aptamer bioconjugate, and ENaC protein
incubation time were determined.

2. EXPERIMENTAL SECTION
2.1. Chemicals and Apparatus

ENaC protein was obtained from Abcam, UK. Biotinylated- ENaC aptamer (sequence: 50—
/5Biosg/CGG TGA GGT CGG GTC CAG TAG GCC TAC TGT TGAGTAGTG GGC TCC-
30) was obtained from DT Integrated DNA Technologies, US. Streptavidin, potassium
ferricyanide (Ks[Fe(CN)s]), bovine serum albumin (BSA), cerium nitrate hexahydrate
(Ce(NOs3)3.6H20), and sodium citrate (NasCeHsO7) were purchased from Sigma Aldrich.
Potassium chloride (KCI) and phosphate buffer saline (PBS) pH 7.4 were obtained from Merck.
The double-distilled water was produced by PT Ikapharmindo Putramas, Indonesia.

The electrochemistry measurements were conducted using a Zimmer & Peacock
potentiostat connected to a computer using PSTrace 5.8 software (Zeamer & Peacock, UK).
The SPCE (GSI Technologies, USA) was used as a working, auxiliary, and Ag/AgCl as a
reference electrode for the electrochemical transducer. A scanning electron microscope (SEM)
(JSM-6360-LA) was used for electrode surface morphology analysis. An FTIR (Pekin Elmer
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Spectrum100) and UV-Vis spectrophotometer (Thermo Scientific, US) and Particle Size
Analyzer (PSA) (HORIBA SZ-100) were used for the characterization of compounds. Other
equipment used included centrifuges (Thermo Scientific MicroCL 17R, US), autoclave
sterilizer (Prestige Medical SERIES 2100), hot plate (IKA C)-MAG HS7), magnetic stirrer,
mini spin, micropipette (Eppendorf).

2.2. Preparation of gold nanoparticles colloids (AuNP)

The gold nanoparticles (AuNP) colloids were prepared by adding 10 mL of 0.5 mM
chloroauric acid and stirring using a magnetic stirrer for 5 min, followed by the addition of 2
mL of 1% sodium citrate and continued stirring until the red wine-colored AuNP colloids
formed [35]. The AuNP colloids were characterized by a visible spectrophotometer and PSA.

2.3. Preparation and characterization of the AUNP-aptamer bioconjugate

Firstly, 40 pL solution of streptavidin 50 pg mL™ was added to 500 pL of 0.5 mM AuNPs
colloid, then incubated in an ice bath for 1 hour. The solution was centrifuged for 30 minutes
at 12,500 rpm, the supernatant was decanted and redissolved in 90 pL of double-distilled water.
The AuNP-STV solution was regenerated with 20 uL of 0.5 pg.mL? biotinylated-aptamer
solution, incubated for 30 minutes, centrifuged, and the supernatant removed. The AUNP-STV-
biotinylated aptamer bioconjugate formed was characterized by a visible spectrophotometer,
FTIR, and differential pulse voltammetry [26].

2.4. Characterization of the modified SPCE

The SPCE surface before (SPCE) and after modification (SPCE/CeOz) was observed and
the morphological features were characterized by SEM (JSM-6360-LA). FTIR measurements
were performed on a Perkin Elmer Spectrum instrument set in the range limit of 450-4000
cm!. The CeO2-modified SPCE was also electrochemically characterized by differential pulse
voltammetry using a redox system of 10 mM [Fe(CN)e]*”- containing 0.1 M KCI (in the
potential range from —1.0 V to +1.0 V with a scanning rate of 0.008 V/s).

2.5. Optimization of parameters using the Box-Behnken method

The aptamer concentration (x1), bioconjugate incubation time (x2), and ENaC protein
incubation time (x3) volume were optimized as shown in Table 1 (the lowest level —1,
intermediate 0, and highest +1) using the Box-Behnken experimental design with Minitab 18.
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Table 1. Factors influencing the experimental conditions using Box-Behnken of ENaC
aptasensor

Factors Unit Level

-1 0 +1
aptamer concentration pg mL? 0.5 1.0 1.5
bioconjugate incubation time Minutes 10 20 30
ENaC protein incubation time Minutes 5 10 15

2.6. Fabrication of the aptasensor

Briefly, 40 pL of 100 pg mL™? of cerium nitrate was dropped onto the SPCE surface,
followed by electrodeposition using differential pulse voltammetry from —1.0 V to +1.0 V and
a scan rate of 0.05 V/s. The SPCE surface was rinsed with demineralized water and dried at
room temperature. Then, 20 pL of bioconjugate was dropped onto the surface of the modified
SPCE/CeO: electrode and incubated at room temperature for 30 min before being rinsed with
PBS (pH 7.4) and dried at room temperature. The SPCE/CeO2/bioconjugate was incubated in
a 1% BSA solution at room temperature for 15 min, followed by rinsing with PBS (pH 7.4).
Subsequently, 20 uLL of ENaC solution was dropped onto the SPCE and incubated for 30 min
at room temperature. The resulting aptasensor was electrochemically characterized by
differential pulse voltammetry using a redox system of 10 mM ferricyanide containing 0.1 M
KCl in the potential range from —1.0 to +1.0 V with a scanning rate of 0.008 V/s. The overall
of bioelement modification and electron transfer process of ENaC aptasensor was shown in
Scheme 1.
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Scheme 1. Schematic illustration of the bioelement modification and electron transfer process
of ENaC aptasensor
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2.7. Calibration curves, detection limits, and quantification limits

Various concentrations of ENaC solutions (0.047; 0.094; 0.187; 0.375; 0.75; 1.5; and 3.0
ng mLt) were detected by the electrochemical aptasensor (differential pulse voltammetry using
a redox system of 10 mM [Fe(CN)s]**~ in 0.1 M KCl in the potential range of —=1.0 V to +1.0
V with a scan rate of 0.008 V/s) using the optimal conditions determined from the Box-
Behnken method. A linear curve of the concentration vs. the difference in average peak current
(Al) for each measurement was used to determine the limit of detection and limit of
quantification.

2.8. The study of ENaC aptamer selectivity

20 pL of creatinine, potassium channel, and ENaC proteins with a concentration of 1.5
g/mL were dripped on the CeO2 modified SPCE/aptamer bioconjugate. Furthermore, the DPV
measurement using the [Fe(CN)s]*”*- redox system. Signal change = (lo-11)/lo, where lo refers
to the current before reduction and I1 to the reduction current after incubation of the electrode
with the target or interfering protein [36].

2.9. The study of stability of modified electrode

The SPCE-CeO2/aptamer bioconjugates were stored for 1, 15, 30, 60, and 90 days at room
temperature, and 1 month at 50°C. After being stored, 20 uL of 1% BSA was added, then it
was rinsed using buffer, then the ENaC protein variation of concentration was added, and
measured by DPV using the [Fe(CN)s]*”*- redox system. Then we analyzed the linearity and
RSD value from each different storage time.

3. RESULTS AND DISCUSSION
3.1. Characterization of AUNPs and AuNP-Aptamer

Figure la showed the normalized spectra UV-Visible absorption of AuNPs. The color
intensity of the AuNPs came from a photophysical response, which measured AuNP colloid
had an absorption peak at a maximum wavelength of 521 nm. The colloidal AuNPs were
synthesized by the chemical reduction of HAuCls using sodium citrate with the reddish-purple
color of the final reaction mixture indicates the formation of AuNPs. Sodium citrate acts as a
reducing agent and stabilizer. lon citrate has carboxylate (COO") and hydroxyl (OH) functional
groups. The hydroxyl group will interact with the reduced gold so that the gold particles will
be covered with negatively charged citrate ions. There will be a repulsive force between the
gold particles, which can prevent the aggregation of AuNP. Adding citrate to the gold surface
gives them some charge and helps stabilize them in water. It is also beneficial as it has a
relatively low affinity for the gold surface and can be easily exchanged for something else. The
surface charge of the surface adsorbed citric acid AuNPs would be negative, though the precise
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number would depend on the conditions. The PSA data of the average nanoparticle size
distribution was obtained of 33.8 nm as can be seen in Figures 1b and 1c.
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Figure 1. a) Characterization of AuNPs using a UV-VIS spectrophotometer with a maximum
absorption wavelength of 521 nm, b) the DLS Spectra of AuNPs, ¢) the particle size distribution
of AuNPs

The characterization of AUNP—Aptamer bioconjugates was shown in Figure 2. The UV-
Visible absorption peaks were found at a wavelength of 529 nm for AuNPs and an additional
peak at 260 nm for AUNP—Aptamer bioconjugates (Figure 2a). The changing shift in the AuNP
peak from 521 nm to 529 nm in a peak intensity reflects the difference in colloid dispersion
after AuNP functionalization as shown in Figure 2b. No significant peak expansion after
functionalization, indicating that the addition of biomolecules to AuNP does not cause
aggregation of the gold nanoparticles and make the AuNPs more stable. Figure 2¢ depicts the
normalized Infra-red spectra of AUNPs and AuUNP—Aptamer bioconjugates. Spectrum A related
to streptavidin, there is an OH strain band at 3428.7 cm™ and C=0 strain at 1644.9 cm™, while
spectrum B is related to the bioconjugate of AuNP-streptavidin, there is an OH strain band at
3418.8 cm™ and C=0 strain at 1644.6 cm™. These spectra indicate that the interaction of AUNP
with the protein does not change the protein structure but causes a shift to a lower wavenumber
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and a decrease in intensity. The formation of bioconjugate via physical adsorption between
AUNP and streptavidin occurred due to AuNP, which has been stabilized by citrate ion, tends
to be negatively charged, will do electrostatic interactions with the positively charged amino
acid residues of streptavidin. The conjugation of a biotinylated-aptamer to AUNP-STV can
increase the aptamer affinity and specificity in interacting with the target ENaC protein.
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Figure 2. a) The UV-VIS spectra for AUNP and the bioconjugate, b) the spectra of (1) AuNP
with Amax = 521 nm and (2) bioconjugate AUNP-aptamer with A max = 529 nm, ¢) The FTIR
characterization, (d) Voltammogram of differential pulse characterization of SPCE bare 1)
SPCE-CeO:2 2) SPCE CeO2-Bioconjugate 3) SPCE-CeO2-Bioconjugat-ENaC 4) using a redox
system Ks[Fe(CN)s] 10 mM in KCI 0.1 M. Scan rate 0.008 V s at potential range -1.0 V to
+1.0V

3.2. Modification of SPCE and its characteristics

Carbon-based electrodes such as SPCE are less selective, so modifications are needed to
increase electrode selectivity for the target analyte. Therefore, the SPCE was modified with
CeOz2 to obtain an excellent current response because it is a rare earth element with useful
catalytic features and electrochemical properties. The good electrical conductivity of CeO2 can
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also increase electrode sensitivity and selectivity. CeO2 attached to the electrode will undergo
electrochemical reduction (electrodeposition) from Ce3* to CeO2 [12,34,37,38].

Bare SPCE, SPCE/Ce02, and SPCE/CeO2/AuNP-aptamers were characterized by DPV
by monitoring changes in the current response of 10 mM [Fe(CN)s]** in 0.1 M KClI solution
in the potential range —1.0 to +1.0 V and a scan rate of 0.008 V/s, as can be seen in Figure 2d.
The AuNP-aptamer bioconjugate was immobilized onto the SPCE-CeOz2 electrode surface by
passive adsorption, which is a simple immobilization method involving physically adsorbed
species. CeOz is slightly negatively charged at neutral pH (-potential = —6.2 mV). The aptamer
can be adsorbed efficiently, an aptamer has a strong affinity with nanoceria [12,37,38]. The
aptamer is negatively charged due to the presence of a phosphate group that can interact with
positive amino acid residues (arginine, histidine, lysine). The interaction of aptamer with the
ENaC protein is not only through electrostatic interactions but also by structural
complementarity and hydrogen bonding. The aptamer-ENaC complex shows good
complementarity [17]. The interaction between aptamer and ENaC was measured by DPV
based on the transfer of electrons from [Fe(CN)s]* 7~ as an electroactive species that undergo
redox reactions. The bioconjugate is a large molecule and is not conductive. The addition of
the bioconjugate to the SPCE/CeO2 surface will inhibit the electron transfer resulting in a
decrease in the peak [Fe(CN)s]* 7"

3.3. Experimental optimization according to the Box-Behnken method

Response surface methodology is an efficient statistical technique for the optimization of
multiple variables to predict the best conditions employing a minimum number of experiments.
The Box—Behnken experimental design was employed to obtain the optimum value of every
factor. Three factors such as the concentration of aptamer (x1), incubation time of bioconjugate
(%2), and protein incubation time of ENaC (%3) gave 15 times independent experiments with
three different levels. The Box—Behnken design was set to two replication blocks for two
repetitions; therefore, the number of total experiments is 30 times (data not shown). The results
show that the factor with the most effect was the aptamer concentration (P-value < 0.05), with
the coefficient of the response function calculated based on the following equation:

Y =1.593 - 0.760 x1 + 0.0333 x2 - 0.089 x3 + 0.08 x12 - 0.000932 x22 + 0.00047 x32 - 0.0006
x1x2 + 0.0884 x1x3 + 0.00004 x2Xs.......... Q)

where Y is the response in the current; x1, x2, and X3 represent the variable. The equation shows
that the current response will be directly proportional to the bioconjugate incubation time,
which is indicated by a constant value that is positive and shows that the bioconjugate
incubation time has a synergistic effect on the ENaC aptasensor response.

Gothwal et al. stated that the incubation time is one of the kinetic factors that significantly
impact the electrochemical biosensor signal process [39]. The Box-Behnken design results that
the optimum conditions for each factor were an aptamer concentration of 0.5 ug mL?, a
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bioconjugate incubation time of 30 minutes, and ENaC protein incubation time of 15 minutes.
The P-value for the lack of fit was 0.297 or greater than 0.05, indicating that the resulting linear
model is appropriate.

3.4. Aptasensor response to ENaC protein

The aptasensor response to ENaC was determined by DPV as shown in Figure 3a. Based
on the characterization results, the higher the ENaC concentration, the lower the peak current
produced because ENaC is a large and non-electroactive biomolecule, so the higher the
concentration of ENaC, the more blocking of the electron transfer process of [Fe(CN)s]* .
The calibration curve in Figure 3b shows that the linear regression equation Y=0.168X + 0.614
with R? is equal to 0.996. The limit of detection (LOD) was evaluated using the blank signal,
ys, plus three times standard deviations of the blank, ss. The ys is the intercept of the calibration
curve, and the ss was obtained from the random errors in they-direction. The limit of
quantification (LOQ) was evaluated using ten times the standard deviation of the blank [40].
The LOD and LOQ have appeared at the ENaC level of 0.110 and 0.365 ng mL™.

The comparison of LOD of the developed biosensors are in line with those previously
reported in Table 2. The ENaC protein level in the normal urine sample for women is 2.1 ng
mL™*and men 1.35 ng mL*[4]. In this experiment, a LOD of 0.110 ng mL™* was obtained, so
that these results can still be used to differentiate ENaC levels in normal and hypertensive urine
samples for both men and women, although LOD values are higher than previously reported
studies [12,41].

Table 2. Several studies of electrochemical biosensors to detect ENaC protein

Biosensor Exposed area of

Working Electrode LOD Reference

(mm?)

Immunosensor based on AuNP- 19.547 0.084 ng mL™ [7]
antiENaC bioconjugate on SPCE-Au
Immunosensor by using SPCE-rGO 19.547 0.198 ng mL™ [8]
Label free Immunosensor using SPCE- 19.547 0.037 ng mL™ [41]
Au
Aptasensor by using SPCE-CeO; via 8.865 0.012 ng mL™ [12]
electrodeposition
Aptasensor based on AuNP-aptamer 8.865 0.110ngmL*  This work

bioconjugate on SPCE-CeO,
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Figure 3. a) Differential pulse voltammogram for various ENaC concentrations a—g (0.047;
0.094; 0.187; 0.375; 0.75; 1.5; 3) ng.mL* measured with a redox system with Ks[Fe (CN)e]
10 mM solution in solution KCI 0.1. Scan rate 0.008 V/s over a potential range of -1.0 V up to
+1.0 V, b) aptasensor ENaC calibration curve with various concentrations (0.047; 0.094; 0.187;
0.375; 0.75;1.5; 3) ng.mL*as measured by the redox system with Ks[Fe(CN)s] 10 mM solution
in 0.1 KCI solution. Scan rate 0.008 V/s over a potential range of -1.0 V to +1.0 V

3.5. The Aptamer Selectivity

The graph of the decrease in the current response of Fe(CN)s for 3 repetitions of
measurements is shown in Figure 4a. After the addition of ENaC protein to the aptamer, it
showed a decrease in current of around 64.06%, this was due to the very good activity of the
aptamer in recognizing ENaC protein as a target. Creatinine and potassium cchannels decreased
current response by 24.84% and 8.17%, respectively. The decrease in current response is due
to an interaction between Aptamer ENaC and each interference. However, in this case, the
interaction that occurs is not significant because the resulting decrease in current is not greater
than that of the ENaC protein and even has a high difference when compared to the decrease
in the current response of the ENaC protein.
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Figure 4. a) Graph of decreasing current of ENaC aptamer against ENaC protein, creatinine
and K*-channel, b) the changes in response when added protein creatinine and K*-channel

Other treatments were reviewed to see the effect of interference in determining the
percentage of selectivity. At the time of adding an interference (K™ channel and creatinine) to
the ENaC protein, Figure 4b shows the addition of the K™ channel protein gave a change of less
than 5% indicating no interference effect was produced [42]. Meanwhile, the addition of
creatinine gave a change of 8.23% and when the three proteins were mixed it resulted in a
change of 20.2%, in this case, the results of the ENaC Aptasensor selectivity study in vitro with
the electrochemical method resulted in a selectivity percentage of 79.8% which indicates that
there is interference or interference did not affect Aptamer measurement of ENaC protein.

3.6. The stability of Functionalized Ceria/AuNP-Streptavidin-Biotinylated Aptamer
Screen-Printed Carbon Electrode

The stability of the biosensor was evaluated by comparing the slope of the calibration
curve (related to sensitivity), looking at the change in the correlation coefficient (R?) and
determining the % RSD associated with the analyst's accuracy measured on different days.
Stability studies were carried out by storing the ENaC aptasensor for 1 day, 15 days, 30 days
and 60 days at room temperature, and 1 month at 50 °C which is equivalent to one year at room
temperature [43].

Table 3 shows the stability of the ENaC aptasensor on the SPCE-CeO: surface,
maintaining its initial sensitivity of 82.68% after one year from the first day of measurement
with an R? value > 0.98, and a % RSD of 0.7. The % RSD obtained by 0.7 % represents a good
sensor reproducibility because it is in accordance with the reproducibility suggested by the
Association of Analytical Communities (AOAC) which is < 4%. The relationship between the
protein concentration of ENaC ng/mL (X) and the current response A (Y) obtained an R? value
of 0.988 within one year, this indicates that the magnitude of the ENaC concentration still
affects the measured current response.
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Table 3. ENaC Aptasensor stability results based on storage time at room temperature

Time Slope Linearity RSD(%0)
1 day 0.074 0,999 0.402
15 days 0.073 0,997 0.570
30 days 0.064 0,990 0.916
60 days 0,063 0,988 1.014
1 year 0.074 0,988 1.560

4. CONCLUSION

An aptasensor based on the AuNP-aptamer bioconjugate on SPCE-CeO2 was developed
for the rapid and direct quantification of ENaC in urine. The selectivity of the aptamer has been
shown to be about 80% selective towards the ENaC protein with 20% interfering. Aptasensor
storage shows stable results within a year, and possibly more than one year. This aptasensor
has a low-level detection of ENaC that can still differentiate ENaC levels in normal and
hypertensive urine samples for both men and women.
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