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ARTICLE INFO ABSTRACT

Keywords: Infection caused by Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) is responsible for the
Genosensor Coronavirus disease (COVID-19) and the current pandemic. Its mortality rate increases, demonstrating the
SARS-CovV-2 imperative need for acute and rapid diagnostic tools as an alternative to current serological tests and molecular
g;iz;;om%ate techniques. Features of electrochemical genosensor devices make them amenable for fast and accurate testing

closer to the patient. This work reports on a specific electrochemical genosensor for SARS-CoV-2 detection and
discrimination against homologous respiratory viruses. The electrochemical biosensor was assembled by
immobilizing thiolated capture probes on top of maleimide-coated magnetic particles, followed by specific target
hybridization between the capture and biotinylated signaling probes in a sandwich-type manner. The probes
were rigorously designed bioinformatically and tested in vitro. Enzymatic complexes based on streptavidin-
horseradish peroxidase linked the biotinylated signaling probe to render the biosensor electrochemical
response. The genosensor showed to reach a sensitivity of 174.4 pA fM~! and a limit of detection of 807 fM when
using streptavidin poly-HRP20 enzymatic complex, detected SARS-CoV-2 specifically and discriminated it
against homologous viruses in spiked samples and samples from SARS-CoV-2 cell cultures, a step forward to

detect SARS-CoV-2 closer to the patient as a promising way for diagnosis and surveillance of COVID-19.

1. Introduction

Human coronaviruses (HCoVs) were discovered in the 1960s, and
since then, more HCoVs have been reported, including SARS-CoV, and
Middle East Respiratory Syndrome (MERS), with a high potential to
induce fatal respiratory disease in humans [1]. Unlike alfa-coronavirus
such as HCoVOC43, HC0229E, HCoNL63, and Human Coronavirus
(HKU1) that have been shown to cause common cold symptoms in
immunocompetent humans, SARS-CoV and MERS-CoV induce severe
respiratory failure [2] and high mortality rate [3]. At the end of 2019, a
novel Coronavirus (SARS-CoV-2) spread rapidly worldwide, generating
a public health problem [4,5]. This single-stranded RNA virus is
responsible for COVID-19 and the current COVID-19 pandemic [6,7].
SARS-CoV-2 is transmitted from human to human through
virus-containing droplets expulsed from an infected individual by
coughing, sneezing, speaking, and breathing [8]. COVID-19 infection
causes respiratory, gastrointestinal, liver, and neurological failures in
symptomatic patients, among other symptoms depending on each per-
son’s health status [9].

The current clinical diagnosis of the SARS-CoV-2 is mainly based on
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detecting the viral RNA material through reverse transcriptase real-time
Polymerase Chain Reaction (RT real-time PCR) [10,11]. The detection of
COVID-19 also deals with antigen detection by lateral flow-based assays
[12] or serological tests that employ antibodies to detect immunoglob-
ulins that result from the inflammation process caused by the
SARS-CoV-2 infection [11,13]. Other methods include aptamer- and
CRISPR-based approaches, among many others [11,13]. Molecular
techniques are considered the “gold standard” for SARS-CoV-2 detection
and other pathologies involving DNA (RNA) sequence detection.
Although RT-PCR is highly efficient, some drawbacks stem from the
need for well-trained personnel, expensive instrumentation,
time-consuming sample preparation and analysis, and lack of massive
availability in all world regions [14,15]; and serological tests may suffer
from cross-reactivity. In this context and because of the fast-spreading of
new variants of the SARS-CoV-2, developing a simple, fast, accurate,
easy-to-use, and sensitive detection tool is still an imperative need.
Biosensors have the potential to circumvent limitations of the current
clinical assays in terms of portability and easiness to use near to the
patient [16], being ideal devices for point-of-care (POC) or bedside
testing [15-17]. Some researchers have reported electrochemical
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biosensors to detect specific DNA/RNA sequences associated with viral
infections [18,19], toxic species [20,21], and cancer biomarkers [22,
23], among other pathologies [24] at low concentrations levels. How-
ever, only a few reports have detected SARS-CoV-2 with electrochemical
biosensors [25,26], albeit no one is based on the format explored herein.
For instance, an ultrasensitive electrochemical biosensor was assembled
with magnetic particles decorated with gold nanoparticles and func-
tionalized with a capture DNA probe to detect the virus in a
sandwich-like format with a smartphone readout [27]. The S and N
genes were detected based on isothermal rolling circle amplification
with magnetic nanoparticles as sensing platform [28] and the N gene on
a glassy carbon electrode functionalized with polymerized polyaniline
nanowires [29]. Gold microelectrode array microchips have been com-
bined with isothermal amplification to detect RNA-dependent poly-
merase and N genes [30]. Catalytic hairpin assembly with ruthenium
complex was reported as a signal amplification strategy [31]. Other few
authors have also reported electrochemical biosensors for N gene
detection [32] for the detection of spike protein [33-40], immuno-
globulins IgG and IgM [15], and pseudotyped viral particles [41,42]. An
immunosensor [43] and a peptide-based biosensor [44] were recently
reported by our group to rapidly detect the spike protein and the viral
particles in clinical samples with simple electrochemical formats and
values correlated with the RT-PCR standard method.

This work reports on an electrochemical biosensor for the specific
detection of SARS-CoV-2 and discrimination against SARS-CoV, MERS,
and HKU1 homologous viruses. All SARS-CoV-2 genomes reported in the
databases were screened by a step-by-step rigorous bioinformatic pro-
tocol to select the conserved target regions [17] and design some for-
ward and reverse primers, whose amplification capacity and specificity
were verified in vitro. Capture and signaling probes were also designed
from the target sequences for the biosensor construction. The biosensor
was assembled on maleimide-modified magnetic beads (MMB) by
binding thiolated capture probes that hybridized first the target and
later the biotinylated signaling probe in a sandwich-type format. The
biotinylated signaling probe allows the interaction with one of three
different protein-enzyme complexes that contain a different number of
HRP molecules to produce the final biosensor response by chro-
noamperometry. The electrochemical genosensor demonstrated the
ability to discriminate SARS-CoV-2 when tested against SARS-CoV,
MERS, and HKU1 homologous viruses and detected the genetic mate-
rial in samples coming from SARS-CoV-2 cell cultures. The proposed
biosystem holds the potential to detect genetic material in infected pa-
tients and asymptomatic individuals and is a step forward in developing
highly sensitive genosensors to fight against the COVID-19 pandemic.

2. Materials and methods

The supporting information (S-I) section contains all reagents, SARS-
CoV-2 probes, solutions, and equipment for the biosensing platform’s
development and characterization. The activation process of screen-
printed gold electrodes (SPAuE) for biosensor development was car-
ried out based on our previous works [17,18]. Bioinformatic design of
the specific SARS-CoV-2 probes, screening procedure of the main pa-
rameters involved in the genosensing platform, and denaturation of RNA
genetic material from cell culture are summarized in the S-I and in the
sections below.

2.1. Bioinformatic design

An exhaustive search of all sequences deposited in the Genbank
database from the National Center for Biotechnology Information
(NCBI) was achieved first. The SARS-CoV-2 whole-genome sequences
were screened from the beginning of the pandemic until April the 24th,
2020, resulting in 1112 conserved genomes selected and downloaded in
fasta format. The downloaded genomic sequences were compiled as a
“multifasta” file and aligned by the bioinformatic server Clustal Omega/
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Multiple Sequence Alignment. Jalview and Bioedit software allowed us
to align and choose the most conserved regions of SARS-CoV-2 genomes,
all coming from Homo Sapiens Sapiens samples [17].

2.2. Optimization of the genosensing platform

The main parameters involved in the biosensor assembly, such as the
number of particles, enzyme complex-, target-, and signaling probe-
concentrations, were optimized. The biosensing platform was built by
linking a sulphydryl-reactive capture probe onto maleimide-
functionalized magnetic beads. In a sandwich-like format, the modi-
fied particles hybridized the target probe with a biotinylated signaling
probe. An enzymatic complex acting as a labeling tag was then anchored
to the signaling probe to complete the biosensing platform. A commer-
cial TMB solution containing 10 mM H30, was then added and the
system was kept stirring at 800 rpm and room temperature for 20 min.
The reaction solution produced a color change measured on a Thermo
Scientific Microplate Spectrophotometer (VARIOSKAN LUX) at a
wavelength of 620 nm that was target concentration-dependent, serving
as a rapid screening method of all variables mentioned. In the electro-
chemical genosensors, the response came from the TMB reduction by
applying a constant voltage of —150 mV for 60 s in a potentiostat
PalmSens3 with software PSTrace version 5.8. The synthetic DNA
strands of SARS-CoV-2 (strain from Wuhan) and the same sequence with
one and two mismatches were evaluated, and those from its SARS-CoV,
MERS and HKU1 homologous are described in Table 1.

2.3. Detection of genetic material in cell culture samples

We first evaluated the specificity of the biosensor by testing one and
two base mismatches (mismatch 1 and mismatch 2) from the H
conserved region of SARS-CoV-2 against SARS-CoV, MERS, and HKU1
counterparts at three different target concentrations (see Table 1).
Similarly, by employing the same procedure for synthetic DNA, we
challenged the genosensing platform with a real RNA sample from a cell
culture with a total RNA/DNA load of 36.8 ng/mL (1.89 pM).

2.4. Statistical analysis

Numerical data were expressed as the mean + standard deviation
(SD) and compared statistically using Student’s t-test or one-way
ANOVA followed by the Bonferroni test, with p < 0.05 indicating sig-
nificance and the GraphPad Prism 5.01 version for Windows (GraphPad
Software, San Diego, CA, USA, 2007).

3. Results and discussion

Genosensors are devices based on nucleotide sequences that act as
bioreceptors for the specific biorecognition of complementary DNA/
RNA target probes. The biorecognition event is commonly achieved in a
sandwich-type assembly by the Watson and Crick complementarity be-
tween nitrogenous bases from bioreceptors and target sequences in hy-
bridization conditions. The genosensor was assembled on top of MMB by
linking a thiol-labeled capture probe by a covalent bound [45]. Then,
the viral RNA target sequence was hybridized between the thiolated
capture probe and a biotinylated signaling probe. Three different
protein-enzyme complexes -i.e., streptavidin-HRP, streptavidin
poly-HRP20 or streptavidin poly-HRP80, containing a different quantity
of HRP molecules were specifically bonded with biotin from the
signaling probe to complete the biosensing platform. Finally, the
biosensor performance was interrogated with TMB, an HRP
enzyme-substrate, by following its oxidized colored product in the
presence of hydrogen peroxide. The color change followed by spectro-
photometry rapidly screened all the genosensor assembly variables
detailed in the experimental section. Besides, the oxidized product was
electrochemically reduced by transferring the magnetic bead-based
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Table 1
DNA probes designed for the specific detection of SARS-CoV-2.
Probes Sequences (5°->3') 5 3
Capture probe H TGCCTACAGTACTCAGAATCAAAAG - SH
I GGAAACACCATTAAAGACTACACGT - SH
A TCTGTAAAACACGCACAGAATTTTG - SH
Signaling probe H CTTCTGATCTTTCACAAGTGCCG Bio -
I CGCAGCTTCTTCAAAAGTACTAAA Bio -
A CCATCTAGTATTGTTATAGCGGCCT Bio -
Target probes
SARS-CoV-2 H CTTTTGATTCTGAGTACTGTAGGCACGGCACTTGTGAAAGATCAGAAG
1 ACGTGTAGTCTTTAATGGTGTTTCCTTTAGTACTTTTGAAGAAGCTGCG
A CAAAATTCTGTGCGTGTTTTACAGAAGGCCGCTATAACAATACTAGATGG
SARS-CoV CTTTTGATGCTGAGTACTGTAGACATGGTACATGCGAAAGGTCAGAAG
MERS CTCTGTCAACTCAGTACTGCCGGTTCGGTAGTTGTGAGTATGCACAAG
HKU1 CGCGCTCTATGACTTATTGTAGAGTGGGTGCATGTGAATACGCCGAAG
MISMATCH-1 CTTTTGATTATGAGTACTGTAGGCACGGCACTTGTGAAAGATCAGAAG
MISMATCH-2 CTTTTGATTATGAGTACTGTAGGCCCGGCACTTGTGAAAGATCAGAAG

Bio, Biotynilated probe; SH, Thiolated probe.

biosensor assembly to the surface of an SPAuE and recording the current
signal resulting from the TMB-electrode charge transfer after applying a
cathodic potential, which was DNA(RNA) concentration-dependant.

3.1. Bioinformatic design

After downloading and aligning the SARS-CoV-2 genome sequences,
excluding gaps and sequence incompatibilities, 1104 genomic sequences
were employed to search for the conserved regions. The first screening
was based on having at least 70 nucleotides in length as minimal
sequence extension, where 52 conserved sequences were identified and
screened by Blast nucleotide to find the conserved sequences that do not
match with previously reported coronaviruses. Next, the selected SARS-
CoV-2 conserved regions’ homology was interrogated against alfa-
coronavirus HCoV-NL63, HCoV229E, HCoVOC43, HCoVHKU, MERS,
and SARS-CoV, and the human genome, demonstrating not to present
homology among all tested genomes. Finally, we selected three phylo-
genetically conserved regions with an appropriate length range from 18
to 25 nucleotides and fulfilled all thermodynamic requirements [17].

We designed 3'end thiolated capture probes and 5end biotinylated
signaling probes for each target’s genosensor assembly as a template.
Table 1 summarizes the selected conserved target regions, the designed
capture and signaling probes, the sequences of homologous
SARS-CoV-2, and one and two base pair mismatches concerning the
SARS-CoV-2 H-conserved sequence.

3.2. Optimization of the genosensing platform

The following experiments describe optimizing the main variables
involved in the electrochemical genosensor assembly rapidly screened
by spectrophotometry. First, the quantity of MMB, enzyme, capture, and
signaling probes concentration were optimized with a fixed concentra-
tion of the H-conserved target region of the SARS-CoV-2 of 0.1 uM (see
the sequence in Table 1). Next, the concentration of MMB was interro-
gated from O to 30 pg. Fig. 1A shows that the biosensor reached a plateau
after 10 pg of MMB, indicating the saturation of colorimetric signal
response. The particle concentration higher than 10 pg did not show any
signal improvement; hence 10 pg of MMB was established as the optimal
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particle amount for further optimizations. The streptavidin poly-HRP
enzymatic complex’s concentration, responsible for the signal
biosensor response, was tested in concentrations from 0 to 200 ng/mL.
The results indicate that the colorimetric response of the biosensor
increased as the enzyme did. Nevertheless, concentrations higher than
16.6 ng/mL did not follow the Beer-Lambert law [46], being such con-
centration selected as optimal (see Fig. 1B). Finally, concentrations of
the thiolated capture probe coupled to the MMB surface and the bio-
tinylated signaling probe linked to the streptavidin poly-HRP complex
were tested from O to 0.5 pM. Fig. 1C and D show the signal response
reached a plateau with concentrations of capture and signaling probes
equal to or higher than 0.1 pM, respectively, selected as the optimal
concentrations. Interestingly, higher concentrations in both cases did
not show any signal enhancement. As shown in Table 1, two additional
pairs of capture and signaling probes (I and A) were designed similarly
to those detailed in the previous section to bind to I and A conserved
regions of SARS-CoV-2, respectively. The capture and signaling probes
were tested in the same concentration range as per target H, as shown in
Fig. S1A and S1B, with identical results. It indicates that optimal capture
and signaling probes are similar for all conserved regions and that the
system is highly reproducible. Table 2 summarizes the optimized pa-
rameters in the biosensor development screened by colorimetric
measurements.

After optimizing the genosensing assembly, it was challenged with
different target concentrations of SARS-CoV-2 sequences, employing
two different enzymatic streptavidin-HRP conjugates. Fig. 1E shows the
resulting colorimetric calibration curve in an H-conserved SARS-CoV-2
target-dependent manner from 0 to 3000 pM and Fig. 1F shows the
corresponding linear region. The results indicate a linear behavior
ranging from O to 1000 pM when using streptavidin-HRP as a signaling
tag. Similarly, other calibration curves with I- and A-conserved regions
of SARS-CoV-2 using streptavidin-HRP are shown in Fig. S2A and S2B
and the corresponding linear regions in S2C and S2D, respectively.
Based on the colorimetric biosensor working range and the achieved
limit of detection (LOD), the H-conserved region of the SARS-CoV-2
virus was chosen as the optimal DNA sequence to perform the
following set of experiments. The selected H-conserved region was also
tested with the streptavidin-poly-HRP20 enzymatic complex to improve
the biosensor performance. Such conjugate contains 100 HRP molecules
per streptavidin molecule, which is expected to amplify the signal
response dramatically. Fig. S3A shows the colorimetric response by
testing different target concentrations ranging from 0 to 600 pM and
Fig. S3B shows the corresponding linear region. Table 2 summarizes the
analytical parameters for the screening colorimetric assays. Results
demonstrate that the sensitivity of the H-conserved region genosensor
with streptavidin-poly-HRP20 increased 15-fold concerning its
streptavidin-HRP counterpart. The complex also demonstrated to lower
the LOD 12-fold notwithstanding a narrower working range.

Towards developing a portable, easy-to-use genosensor with mini-
mal consumption of reagents and samples and a direct sample readout
closer to the patient, we moved to an electrochemical format. The MMB-

Table 2

Analytic performance of the genosensor screened by spectrophotometry.
Parameter Range Optimal
Particles (pg) 0-30 10
Enzyme concentration (ng/mL) 0-200 16.6
Capture probe region A, H, I (pM) 0-0.5 0.1
Signaling probe region A, H, I (uM)  0-0.5 0.1

Analytical performance

Region Range (pM) LOD (pM)  Sensitivity (M~ " 2

I 0-6000 94 0.2 0.9933
A 0-800 0.75 1.6 0.9974
H 0-1000 0.73 0.8 0.9911
H poly-HRP-20  0-100 0.06 12 0.9933
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based genonsensing assembly was confined onto the surface of the
SPAUE by a magnet to test its performance in a portable and easy-to-use
electrochemical workstation. Optimal enzyme, capture, and signaling
probe concentrations were verified with the H-conserved region of
SARS-CoV-2 genetic material by chronoamperometry. Noticeably, the
enzyme complex was optimized based on the signal/noise (S/N) ratio,
and several washing steps were implemented during particle sensitiza-
tion and before the final measurements to prevent non-specific in-
teractions that may induce a high signal background. A set of
streptavidin-HRP conjugates, including streptavidin-HRP, streptavidin
poly-HRP20, and streptavidin poly-HRP80, containing 1, 100, and 400
molecules of HRP per each streptavidin molecule, respectively, were
compared to select the one of higher signal amplification capability
[47]. Fig. 2A, S3A, and S3B show results from the three different
enzymatic complexes tested with 0-100 ng/mlL, including a negative
control with water instead of viral genetic material. Based on the S/N
ratio, the optimal enzyme concentration was 66.7 ng/mL for all cases
because of the lower standard deviation of the resultant signals, and it
spends a reasonable amount of this reagent while still having a high
enough positive signal with low background. Yet, based on the three
enzymatic complexes studied, streptavidin-HRP showed the lowest
signal amplification response at the optimal enzyme concentration of
66.7 ng/mL. In contrast, streptavidin poly-HRP20 and streptavidin
poly-HRP80 reached a similar maximum current value, but streptavidin
poly-HRP20 had a lower background. The capture and signaling probes
concentration were double-checked from 0 to 0.5 pM. It was confirmed
that 0.1 uM streptavidin poly-HRP20 was the optimal enzyme complex
and concentration in both cases as a signaling tag (Fig. 2B and C) con-
cerning the streptavidin-HRP and streptavidin poly-HRP80 counter-
parts. Fig. S4A- and S4B show optimization of the capture probe and
signaling probes with streptavidin-HRP and streptavidin poly-HRP80,
respectively. The results showed a good correlation between spectro-
photometry and chronoamperometry measurements, indicating that the
genosensor assembly’s signal response could be followed by either
method on a laboratory bench or closer to the patient, respectively. The
optimized parameters in the electrochemical biosensing platform are
summarized in Table 3.

Once all electrochemical parameters were optimized, the device’s
analytical performance was tested. Fig. 3A-C (upper part) show the
chronoamperometric current profiles depending on the target concen-
tration for the three employed enzymatic conjugates streptavidin-HRP,
streptavidin poly-HRP20, and streptavidin poly-HRP80, respectively,
and the corresponding linear ranges in Fig. 3A-C (bottom part). Chro-
noamperometric measurements at high target concentrations seem to
show limitations of the electrochemical probe diffusion process related
to enzyme complex accumulation at the magnetic beads. Yet, as inter-
polation of current intensity was after 60 s, the stationary state was
ensured, and the reproducibility and reliability of the results were
guaranteed. The electrochemical biosensor exhibited a broader linear
range using streptavidin-HRP to amplify the signal than the other
enzymatic complexes studied. However, streptavidin poly-HRP20 and
streptavidin-poly-HRP80 exhibited improved sensitivity and LOD con-
cerning streptavidin-HRP. For example, the sensitivity of the genosensor
amplified with streptavidin poly-HRP20 and streptavidin poly-HRP80
was ~62- and 91-fold higher than that of streptavidin-HRP. Conse-
quently, the LODs went down ~75- and 100-fold, respectively. It
demonstrated streptavidin poly-HRP20 and streptavidin poly-HRP80
comparable performance but better than streptavidin-HRP.

The higher HRP molecules of streptavidin poly-HRP80 concerning
the streptavidin poly-HRP20 enzymatic complex expect the highest
electrochemical biosensing signal response [44]; however, the bio-
sensing response was quite comparable in both cases. We hypothesized
that having a complex with a higher number of molecules as a signaling
tag may induce steric repulsion, limiting the contact of streptavidin
poly-HRP80 complex with the biotinylated signaling probes, leading to a
slightly reduced biosensing response to streptavidin-HRP20. Besides,
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Table 3

Analytical performance of the electrochemical genosensors.
Parameter Range Optimal
Enzyme concentration (ng/ml) 0-100 66.7
Strep-HRP, strep-poly-HRP20, strep-poly-HRP80
Capture probe (uM) 0-0.5 0.1
Strep-HRP, strep-poly-HRP20, strep-poly-HRP80
Signaling probe (uM) 0-0.5 0.1

Strep-HRP, strep-poly-HRP20, strep-poly-HRP80

Analytical performance

Region (signal Range LOD Sensitivity (pA r?
amplification) (pM) (pM) ™M1

H (HRP) 0-800 60 2.8 0.9921

H (poly-HRP-20) 0-80 0.8 174.4 0.9981

H (poly-HRP-80) 0-100 0.6 255.9 0.9936

non-specific interactions of enzymatic complexes with higher HRP
molecules may produce higher backgrounds [47] (see Fig. 2A and S4B).
Literature reports support well-distributed capture probes significantly
influence the final biosensing response [47-49]. Such biosensors
showed tetrahedral capture DNA probes to improve the capture probe
distribution on the biosensor’s surface. The tetrahedral DNA

nanostructure reduced steric repulsion and helped minimize the back-
ground due to its capacity to act as a resistant protein [47,50]. For the
above, we choose streptavidin poly-HRP20 as the optimal enzymatic
complex for the electrochemical genosensor despite the slightly lower
signal response, but it reached the lowest background. Table 3 sum-
marizes the analytical characteristics of the genosensing devices.

3.3. Specificity and detection of genetic material in samples

The feasibility of the as-developed electrochemical genosensing
platform to specifically detect the SARS-CoV-2 was interrogated. For this
purpose, the electrochemical biosensing platform’s potential to
discriminate one and two mismatches in DNA synthetic sequences from
SARS-CoV-2 and sequences from other related coronaviruses was eval-
uated. The electrochemical platform was tested against one and two
base pair mismatches from the H-conserved region of SARS-CoV-2 and
SARS-CoV, MERS, and HKU1 homologous counterparts, with three loads
of target DNA sequences of 10, 100 and 1000 pM and compared with
negative controls (NC) which consisted of only a buffer solution. Fig. 4A
shows that the current response of the genosensor for the SARS-CoV-2
DNA sequence was dramatically higher than that of the NC, the one
and two base pair mismatches, and the other coronaviruses with three
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SARS-CoV-2 using different enzyme complexes, A) streptavidin-HRP, B) streptavidin poly-HRP20 and C) streptavidin poly-HRP80. Error bars indicate the standard

deviation of triplicate measurements.
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loads. A paired t-test and a 1-way ANOVA showed statistically signifi-
cant differences, p-value < 0.05. Furthermore, the signal intensity of the
genosensors with one and two mismatches was slightly higher than
those from the other coronavirus, which indicates a low interaction
between capture and signaling probes and the mismatched target se-
quences. However, the electrochemical biosensor could not detect SARS-
CoV-2 homologous viruses even at a high concentration level (1000
pM), showing a current signal comparable to the NC with no statistically
significant differences but statistically significant differences concerning
the SARS-CoV-2 positive control, p-value < 0.05. Hence, the results
reveal that the as-developed electrochemical biosensing platform is
specific for detecting target sequences coming only from SARS-CoV-2
and can discriminate mismatched sequences and homologous viruses.

After specificity evaluation, we further interrogated the potential of
the as-developed electrochemical genosensor to detect the SARS-CoV-2
in conditions closer to a real scenario by studying its performance in a
sample coming from the virus-cell culture, having a total DNA/RNA
viral load of 36.8 ng/mL (1.89 pM). Fig. 4B shows the electrochemical
platform evaluation results with the cell culture sample and compares
them to their corresponding NC. The results show differential biosensor
response between the SARS-CoV-2 cell culture sample and the NC, with
statistically significant differences, p-value < 0.05. Although this is the
first approximation forward to a real scenario, the proof-of-concept
demonstrated the potential of the electrochemical genosensor as a tool
for virus detection. However, here it is essential to highlight that the
electrochemical signal for the positive sample extracted from cell culture
had a lower electrochemical response because the genetic material (1.89
pM total RNA/DNA) is lower than the synthetic DNA concentration
tested (10, 100 and 1000 pM). Besides, while synthetic DNA samples
correspond to a short ssDNA sequence, real samples correspond to the
whole genome of SARS-CoV-2 fragmented randomly after the denatu-
ralization protocol, generating small DNA/RNA fragments where not all
correspond to specific fragments to hybridize with the capture and
signaling probes. The as-developed biosensor is a promising approxi-
mation to the clinical diagnosis where the samples do not require either
arduous sample preparation or amplification steps. Further work is
directed to a complete validation procedure for the proposed electro-
chemical genosensor, analyzing a statistical number of positive and
negative samples to evaluate the device’s real potential as an analytical
tool for detecting the SARS-CoV-2. Besides, coupling the biosensor to a
loop-mediated isothermal amplification (LAMP) system is worth
exploring.

4. Conclusions

We reported an electrochemical genosensor for the specific detection
of SARS-CoV-2 and discrimination against SARS-CoV, MERS, and HKU1
homologs viruses. After an exhaustive and rigorous bioinformatic
analysis, we designed three pairs of thiolated capture and biotinylated

Fig. 4. Electrochemical genosensor response. A)
Specificity evaluation against one and two base pair
mismatches from H-conserved sequences of SARS-
CoV-2 (mismatch 1 and mismatch 2) and SARS-CoV,
MERS y HKU1l homologous counterparts at three
different loads from 10 to 1000 pM. B) Genosensor
response against a positive SARS-CoV-2 RNA cell
culture sample compared with negative control (NC).
The columns and points are the mean + SD n = 3. ***
represent statistical differences concerning negative
control with a p-value < 0.05.

Fekk

RNA cell culture

signaling probes for the SARS-CoV-2 electrochemical genosensor
development. We assembled the genosensor, tested the proper probe
design and optimized all other parameters needed. We tested the
analytical performance of the resultant electrochemical genosensor by
using three different enzymatic complexes, streptavidin-HRP streptavi-
din poly-HRP20, and streptavidin poly-HRP80. Enzymatic complexes
containing more than one HRP molecule per streptavidin molecule were
demonstrated to decrease the LOD from the pM to fM level. However,
streptavidin-poly-HRP20 was the optimal signaling tag for the electro-
chemical genosensor assembly with a lowered current background.
Furthermore, we demonstrated the electrochemical genosensor
discriminated SARS-CoV2 against one and two base pairs mismatch
from H-conserved region, SARS-CoV, MERS, and HKU1 sequences.
Finally, the device detected RNA SARS-CoV-2 from cell culture con-
cerning a negative control without genetic material. Overall, the results
demonstrated that the genosensor platform could be an easy-to-use
SARS-CoV-2 diagnostic tool with great potential to help in fighting the
current pandemics.
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