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Abstract: Miniaturized and integrated devices for fast determination of clinical biomarkers is in
high demand in the current healthcare environment. In this work, we present a functionalized self-
assembled monolayer (SAM) on the gold surface of a screen-printed electrode (Au-SPE). The device
was applied for uric acid (UA) detection, a biomarker associated with arthritis, diabetes mellitus,
and kidney function. Prior to SAM formation AuSPE was subjected to pretreatment with KOH and
Au electrodeposition to provide additional roughness to the substrate. The SAM was formed in the
AuSPE/KOH/AuNPs surface by cysteamine method, carried out when working surface dipping in
cysteamine (CYS) solution at 20 mM for 24 h rinsed with ethanol and milli-Q water. Then uricase
enzyme was immobilized through physical absorption at room temperature for 1 h to obtain the
AuSPE/KOH/AuNPs/SAM/Uox biosensor. The physical and electrochemical characterization of
AuSPE modification was carried out by Scanning Electron Microscopy (SEM) and Cyclic Voltam-
metry (CV). The calibrated data of the Au/KOH/AuNPs/SAM/Uox biosensor showed a linear rela-
tion in the range of 50-1000 uM, a sensibility of 0.1449 uA/[(uM)cm?], and a limit of detection (LOD)
of 4.4669 uM. The Au/KOH/AuNPs/SAM/Uox also exhibited good selectivity for UA in the presence
of ascorbic acid. Moreover, the methodology showed good reproducibility, stability, and sensitive
detection of UA. This performance of the proposed biosensor is in good accordance with clinical
needs and can be compared with previous biosensors based on nanostructured surfaces of high
fabrication complexity.
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1. Introduction

Currently, electrochemical biosensors have become indispensable tools for Point of
care applications (PoC) in medical monitoring and diagnostic due to their main ad-
vantages as easily miniaturizing, large response ranges, low limits of detection (LOD),
high reproducibility, low costs, portability, etc. [1,2]. For biosensor development, screen-
printed electrodes (SPE) are widely used [3] due to their simple design in electrochemical
applications, allowing the implementation of tiny devices with high market availability at
a low charge [4]. Some SPE advantages are high stability and sensibility in analytical ap-
plication with redox substance, disposable characteristics, good resistance to a variety of
harsh electrolytes, mass production and the availability of working electrodes modified
with carbon or metallic inks such as silver and gold [5].

Although screen-printed gold electrodes (Au-SPE) have been less capitalized than
their carbon counterpart, the Au modified surface offers attractive advantages for protein
binding trough surface functionalization. One of the most effective techniques for surface
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modification is the use of self-assembled monolayers thiols based (SAM), which are spon-
taneously formed molecular assemblies over a solid substrate (such as Au-SPE) [6]. The
SAM formation consists of the head groups or thiol groups (-SH) joining the Au working
surface by chemisorption. On the other hand, the SAM structure is composed of aliphatic
chains formed and ordered spontaneously during an incubation period [7]. For instance,
Au-SPE with SAM formation has been demonstrated for immunosensors for [8-10]. Alt-
hough biomolecules like enzymes are equally prone to immobilization in such modified
surfaces.

This work presents a simple enzymatic biosensor based on SAM produced over
AuSPE surface. The target analyte uric acid (UA) has relevance in multiple diseases, such
as diabetes mellitus, kidneys stones and arthritis [11]. The UA electrochemical detection
was performed trough enzymatic action of uricase enzyme (Uox), immobilized by physi-
cal absorption over the functionalized electrode. The developed biosensor showed a low
limit of detection (LOD), good selectivity to ascorbic acid (AA) as interfering analyte and
an extensive detection range that allows future clinical applications.

2. Materials and Methods
2.1. Reagents and Chemicals

All reagents were chemical grade of the highest purity in accordance with The Amer-
ican Chemical Society. They were obtained from Sigma Aldrich, including potassium hy-
droxide (KOH), sulfuric acid (H2SOs), ethanol (C2HsO), potassium ferricyanide
(Ks[FeCNe]), chloroauric acid (HAuCl), Cysteamine (C2HsNS), uric acid (CsHaN4Os),
ascorbic acid (CsHsOg), uricase from Candida sp. (Uox-2 U/mg), bovine serum albumin
(BSA), hydrogen peroxide (H202) at 30%. Phosphate saline buffer (PBS) was prepared at
0.1 M and pH 7.4 with disodium phosphate (NaHPO4), monobasic phosphate (KH2POs),
sodium chloride (NaCl), and potassium chloride (KCl). Milli-Q water was used as the
main dissolvent and for rinse processes.

2.2. Materials and Apparatus

The electrochemical characterization, the gold nanoparticles (AuNPs) electrodeposi-
tion, and UA detection were carried out using the Potentiostat 910 PSTAT mini (Metrohm,
The Netherlands). AuSPEs (Metrohm, 6.1208.210) were used as working surfaces. All elec-
trochemical assays were accomplished in a glass electrochemical cell. The physical char-
acterization was performed by Scanning electron microscopy (SEM) using the Hitachi
SU3500 microscope (Tokyo, Japan).

2.3. Electrodes Surface Modifications

The working surfaces were immersed for 10 min in a KOH solution at 50 mM, pre-
pared in H2O:. This process eliminated superficial pollutants, mainly residual materials of
the AuSPEs manufacturing [12]. The AuNPs electrodeposition on Au/KOH electrodes was
carried out by cyclic voltammetry (CV) at 20 mV/s for two cycles from a potential of -0.5
V to +1 V, using HAuCls at 1 mM dissolved in H2504 at 0.5 M [13]. For the SAM formation,
the Au/KOH/AuNPs electrodes were immersed during 24 h in a CYS solution at 20 mM
prepared in an ethanol: water mixture of 1:9 proportion [14]. Finally, 7 mg of Uox and 2
mg of BSA were dissolved in 200 pL of PBS for enzyme immobilization by physical ab-
sorption. Subsequently, 20 uL of this solution was placed on the Au/KOH/AuNPs/SAM
working electrodes for 1 h at room temperature. The electrodes were rinsed to the end of
each modification stage. The Au/KOH electrodes were rinsed with milli-Q water, the
Au/KOH/AuNPs and Au/KOH/AuNPs/SAM electrodes were rinsed with ethanol and
milli-Q water, and for the last stage, the electrodes were rinsed with milli-Q water and
PBS, obtaining the Au/KOH/AuNPs/SAM/Uox biosensor.

The general methodology of the working surface modification is shown in Figure 1.
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Figure 1. General methodology of the AuSPE surface modifications: (a) Bare AuSPE (WE = Working
electrode, CE = Counter electrode, RE = Reference electrode), (b) G working surface activation with
KOH/H20, (c) AuNPs electrodeposition by CV with HAuCls, (d) SAM formation by CYS solution
for 24 h of incubation, (e) SAM structure on working surface, and (f) Complete assembly:
Au/KOH/AuNPs/SAM/Uox biosensor.

2.4. Electrochemical Assays

The electrochemical characterization was carried out for each surface modification
stage by CV at 100 mV/s from a potential of —0.4 V to +0.6 V using a Ks[FeCNGs] solution at
5 mM prepared in a KCl solution at 100 mM. UA solutions at 50 pM, 100 pM, 200 pM, 500
uM, and 1000 uM were prepared for analyte detection by CV at 100 mV/s from a potential
of 0.3 V to +0.8 V using 100 mM PBS as solvent.

The selectivity assay was carried out under the same conditions as the UA detection,
using an ascorbic acid (AA) at 1 mM as an interfering analyte.

3. Results and Discussion
3.1. Surface characterization

The SEM analysis verified the bare Au working electrode morphology before and
after the AuNPs electrodeposition. In Figure 2a, the view at x300 showed the working
surface as a continuous film with roughness and irregularities derived from the ceramic
base on which the electrode is printed. In Figure 2b, the view at x10000 showed the AuNPs
distribution on the gold surface, which presented an average diameter of 22.53 nm. The
AuNPs increased the molecular level interactions on the working surface, due to your
nanometric size, facilitating the -SH groups interaction with the Au ions for the SAM for-
mation [15].

The electrochemical characterization of Figure 2c was carried out by CV, using the
redox probe Ks[FeCNs]/ KCI at 5 mM. The voltammograms showed that the redox reaction
reversibility and the oxidation electrical current improved as the modification stages ad-
vance, which indicated an enhanced electrochemical performance of the modified surface.
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Figure 2. Working surface characterization: (a) View at x300 of gold working electrode morphology,
(b) View at x10000 of the gold working electrode with AuNPs electrodeposited, (c) Electrochemical
characterization by CV in redox probe Ks[FeCNs]/KCl at 5 mM for each working surface modifica-
tion stage.

3.2. UA Detection by CV

The UA detection by CV was carried out with the Au/KOH/AuNPs/SAM/Uox bio-
sensor using PBS. In Figure 3a, the voltammograms present an increased oxidation cur-
rent when rising the UA concentration, while the oxidation potential was maintained
around +0.5V. Figure 3b presents the calibration curve through the linear regression of the
current density depending on the UA concentration with an R?=0.9975. Based on the
above, the Au/KOH/AuNPs/SAM/Uox biosensor presented a detection linear range of 50
1M to 1000 pM, with a sensitivity of 0.1449 uA/uM and a LOD (calculated as 3 times the
standard deviation (o) divided for sensitivity) of 4.4969 uM. Finally, Figure 3c presented
the oxidation electrical current response of UA and AA (interfering analyte) at 1 mM
(maximum measured concentration value). The voltammograms showed that due to the
Uox selective action, the UA molecules oxidation response was more significant than the
AA molecules’ oxidation response, getting a selectivity of 85.1663%, with the enzymatic
immobilization by absorption method.
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Figure 3. UA electrochemical detection: (a) UA detection by CV at different concentrations, (b) Lin-

eal regression of the current density depending to the UA concentration, and (c) Selectivity assay
by CV in UA and AA solutions at 1 mM.

-0.4

Table 1 presents a comparison of some similar devices aimed at UA detection in PBS
solution. The use of platinum-cobalt nanoparticles (bimetallic) offers a linear detection
range fewer than the use AuNPs, with an oxidation potential greater than obtained with
our device. On the other hand, the Nafion deposit on SPE provides a wide detection linear
range. However, diseases associated with UA biomarker tend to increase the serum con-
centration of this analyte making a wider linear range desirable rather than ultra-low
LOD.

For example, in blood serum, the UA levels are from 89 pM to 416 uM [16], which
makes the proposed Au/KOH/AuNPs/SAM/Uox biosensor potentially suitable for fast
analysis of serum samples.

Table 1. General comparation with similar devices aimed to UA detection in PBS samples.

Surface

LOD
(uM)

Potential
V)

Lineal Range

Reference
(uM)

Detection Technique

Pt-Co@rGO

5-800 0.1720 +0.65 CV & DPV [17]

Nafion-SPCEs

62.5-5000 20.80 +0.3 to +0.5 DPV [18]

GCE/Au-PDNs

40-200 0.0400 +0.4 CV & DPV [19]

Au/KOH/AuNPs/SAM/ Uox

50-1000 4.4969 +0.5 CvV This work
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In this work, the Au/KOH/AuNPs/SAM/Uox biosensor repeatability was examined,
by developing many devices under the same conditions of fabrication, characterization,
and UA detection. Our repeated measurements (n = 6) produced o notably low (<0.0129),
reinforcing the fact that the electrochemical working areas remained with the same detec-
tion characteristics.

4. Conclusions

In this work we present a simple biosensor development by exploiting the function-
alization of AuSPE by SAM formation. The thiol-based SAM on AuSPE as working surface
was used for physical immobilization of Uox and subsequently in the detection of UA.
Surface modification was corroborated by SEM and CV, while UA detection was per-
formed using CV in a range from 50 pM to 1000 pM. The device presented a good selec-
tivity to UA against AA as an interfering analyte. The reported analytical results, as the
detection lineal range, sensitivity, and LOD, showed our device as attractive an alternative
for easy and fast UA monitoring.
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