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Abstract

The coronavirus disease 2019 (COVID-19) is a highly contagious and fatal disease caused by severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2). In general, the diagnostic tests for COVID-19 are based on the detection of nucleic
acid, antibodies, and protein. Among different analytes, the gold standard of the COVID-19 test is the viral nucleic acid
detection performed by the quantitative reverse transcription polymerase chain reaction (QRT-PCR) method. However, the
gold standard test is time-consuming and requires expensive instrumentation, as well as trained personnel. Herein, we report
an ultrasensitive electrochemical biosensor based on zinc sulfide/graphene (ZnS/graphene) nanocomposite for rapid and
direct nucleic acid detection of SARS-CoV-2. We demonstrated a simple one-step route for manufacturing ZnS/graphene by
employing an ultrafast (90 s) microwave-based non-equilibrium heating approach. The biosensor assay involves the hybridi-
zation of target DNA or RNA samples with probes that are immersed into a redox active electrolyte, which are detectable
by electrochemical measurements. In this study, we have performed the tests for synthetic DNA samples and, SARS-CoV-2
standard samples. Experimental results revealed that the proposed biosensor could detect low concentrations of all different
SARS-CoV-2 samples, using such as S, ORF 1a, and ORF 1b gene sequences as targets. This microwave-synthesized ZnS/
graphene-based biosensor could be reliably used as an on-site, real-time, and rapid diagnostic test for COVID-19.
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1 Introduction disease include computed tomography (CT) scan, nucleic

acid amplification test (NAAT), and serological techniques

The coronavirus disease 2019 (COVID-19) has been striking
the world in the past 2 years [1-5]. People who got infected
will have various symptoms including fever, cough, head-
ache, loss of smell, loss of taste, fatigue, and breathing dif-
ficulties [6—8]. The major diagnostic methods to detect the
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[9]. Today, NAAT using the quantitative reverse transcrip-
tion polymerase chain reaction (qQRT-PCR) is the most
widely used method for detecting the COVID-19. However,
the qRT-PCR is a time-consuming and expensive test which
also requires trained personnel. Therefore, the development
of highly sensitive and quick detection methods is urgently
needed. And the electrochemical DNA biosensors have
received a lot of attraction for being a good detecting device
[10-13].

Biosensor is an analytical device detecting biological
or chemical reactions and then generating reliable data for
several fields such as gene analysis [12, 14], food safety
[15, 16], disease diagnosis [17], environmental monitor-
ing [18], drug discovery [19], and water quality screening
[20]. A typical biosensor consists of biological receptor,
transducer, amplification, and signal processing. Based
on different transducers, biosensors can be divided into
electrochemical, optical, thermal, electronic, acoustic, and
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mass-based biosensor [21]. Among different transducers, the
electrochemical biosensor is the most widely studied and
applied biosensor due to the advantages of low-cost, simplic-
ity, portability, sensitivity, and rapid detection [14, 22]. It is
critical to develop an appropriate composite for the signal
amplification platform.

In practice, materials such as metals, metal oxides, gra-
phene, conducting polymer, and their composite have been
studied as signal amplifier for the electrochemical biosen-
sors [23, 24]. For instance, Saber et al. fabricated a gold
electrode decorated by gold nanorods (GNRs) for detecting
hepatitis B virus [25]. Due to the large surface area of the
GNRs, the modified gold electrode can assemble more probe
DNA and exhibit higher sensitivity with a detection limit
of 2 10712 M. Similarly, a hybrid nanocomposite contain-
ing copper oxide nanowires and carboxyl-functionalized
single-walled carbon nanotubes was developed by Chen
et al. for detecting the target DNA [26]. The performance of
the modified electrode was benefited by the nanocomposite
which provides a large surface area, fast electron transfer,
and good electrical conductivity with the limit detection
of 3.5x 10713 M. Graphene also shows a great potential in
DNA detection due to its astonishing properties in electri-
cal, optical, mechanical, and chemical aspects [27]. Pumera
et al. reported a graphene-based electrode immobilized
with hairpin-shaped probe DNA for detecting Alzheimer’s
disease [28]. The triple and quadruple layer graphene elec-
trodes presented the best sensitivity with the detection limit
of 6.6x 10712 M. All cases above show that the modified
electrode provides a larger surface area and low charge trans-
fer resistance for superior sensitivity compared to the raw
electrode.

In the detection of COVID-19, the antibody testing,
also known as serology testing, can check the antibodies
to COVID-19 after a person has been infected or vacci-
nated. For instance, a paper-based biosensor modified by
ZnO nanowires showed enhanced sensitivity for detecting
antibody of COVID-19 with human serum samples [29].
In addition, Seo et al. reported a graphene-based biosen-
sor functionalized with SARS-CoV-2 spike antibody as a
receptor which demonstrated highly sensing detection for the
target SARS-CoV-2 antigen protein with a detection limit of
1x1071 g/mL [30]. On the other hand, the molecular test
detects the virus’s genetic material to determine if a person
has an active infection of COVID-19. Song et al. utilized
polyaniline nanowires to modify the glassy carbon electrode
for the detection of the COVID-19 N gene, resulting in a
detection limit of 3.5 x 1073 M [31]. This demonstrated that
the electrochemical biosensor has the potential as a detection
method for COVID-19. In many cases, the process of mak-
ing the composite takes multiple steps with long preparation
time and high cost. Therefore, developing a quick and one-
step process is in need.
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In this paper, we present a one-step and ultrafast micro-
wave-initiated manufacturing process to prepare the elec-
trical interface containing zinc sulfate and graphene (ZnS/
graphene). ZnS has attracted a lot of interest due to their
superior chemical, physical, and electrochemical properties
[32, 33]. For example, a system with urease and CdSe/ZnS
quantum dots (QDs) had been developed for the detection
of urea by Huang et al. [34]. By the enhancement of QD
photoluminescence, the novel system can analyze the urea
concentration ranging from 0.01 to 100 mM with good sen-
sitivity, and no enzyme immobilization is required. In addi-
tion, Rajesh et al. studied the electrical and DNA sensing
properties of ZnS decorated single-walled carbon nanotube
(SWNT) to investigate the sensing mechanism by measuring
the transfer characteristics of I-V and field-effect transistors
(FET) [35]. The result demonstrated that the improvement
of the sensitivity is attributed to the large surface-to-volume
ratio and the superior charge transfer ability of the ZnS. The
graphene which accelerates the reaction rate by absorbing
the electromagnetic energy acts as a heat resource during
the microwave preparation. Besides, graphene has been
applied for different biosensors due to its superior sens-
ing performance including good conductivity, large sur-
face area, excellent thermal conductivity, and mechanical
strength [36—-39]. Compared with the conventional heating
method under thermodynamic equilibrium conditions, the
microwave reaction method under non-equilibrium condi-
tions can provide low-cost and time-saving process [40—42].
Most importantly, the ZnS/graphene DNA biosensor pro-
vides highly sensitivity. Different ratios of zinc precur-
sors were investigated to obtain the optimized conditions
and compared with commercial ZnS mixed with graphene
without microwave reaction. The obtained ZnS/graphene
sample was drop cast onto a glassy carbon electrode (GCE)
surface for further electrochemical experiment. The probe
DNA (pDNA) was successfully immobilized with GCE
and then hybridized with different concentrations of target
DNA (tDNA) to perform self-signal regeneration during the
releasing process (Scheme 1). Three-electrode system was
utilized while the ZnS/graphene modified electrode acted
as the working electrode. The performance of the modified
electrode was characterized by cyclic voltammetry (CV) and
differential pulse voltammetry (DPV).

2 Methodology

2.1 Materials

Zinc acetate (GR, 99.5% purity) was obtained from Bean-
Town Chemical Inc. Graphene substrate was obtained from

Magnolia Ridge Inc. Sulfur powder (GR, 99.5% purity) was
provided by Alfa Aesar, America. The detection samples
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Scheme 1 Schematic illus-
tration of detecting the
SARS-CoV-2 by microwave-
synthesized ZnS/graphene

nanocomposite Drop

Coating

GCE

Current (pA)

Potential (V)

included artificial DNA probes, artificial DNA targets, and
SARS-CoV-2 standard were obtained from Eurofins Genom-
ics LLC (Louisville, Kentucky).

2.2 Preparation of ZnS/graphene composites

For the preparation of ZnS/graphene nanocomposites,
ZnAc,.2H,0, graphene, and sulfur powder were transferred
into a 20-mL scintillation vial and mixed thoroughly to get
a homogeneous mixture. The precursor ratios and synthe-
sis parameters are described in Table S1. Subsequently, the
vial was placed inside microwave oven and irradiated with
a high-power level (~ 1250 W) for 90 s. After the vial was
cooled down to room temperature, the obtained powder was
taken out. For comparison, the mixture of graphene and
commercial ZnS nanoparticles were also prepared under
the same microwave experimental conditions.

The surface of glassy carbon electrode (GCE) was
sequentially polished with 0.3- and 0.05-mm alumina slur-
ries, then immersed in Piranha solution (conc. H,SO,:30%
H,0,; 3:1) for 30 min, followed by rinsing with DI water,
and vacuum dried at 60 °C. To prepare the coating paste,
100 mg of hybrid powder was suspended in 5 mL of iso-
propyl alcohol. Then, 0.1 mL of Nafion was added into the
suspension following 20 min of sonication. Finally, 20 pL of
the suspension was added to the prepared GCE surface and
vacuum dried at 60 °C.

2.3 Nanocomposite-based DNA biosensor probe
and target sequences

The entire genetic sequence of SARS-CoV-2 was uploaded
to the Global Initiative on Sharing All Influenza Data
(GISAID) platform on January 10, 2020. The sequence data
was used as reference for the design of oligos/probes needed
for the development of SARS-CoV-2-specific testing. As

pDNA
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shown in Table 1, the probe and target DNA oligonu-
cleotides were complementary to the specific target gene
sequences and purchased from Eurofin Genomics.

2.4 Immobilization and hybridization of DNA

A 20 pL of probe-DNA solution (1.0x 10~® M pDNA) was
added dropwise to the surface of modified GCE and dried at
temperature below the melting T,, (temperature of melting)
of corresponding probe sequences. After pPDNA immobiliza-
tion, following by rinsing with DI water, the GCE was dried
again. Then, 20 pL of target DNA (tDNA) was added onto
the pDNA-modified GCE surface, and the corresponding
electrode was dried at room temperature to form the hybrid
double-stranded DNA (dsDNA). Subsequently, the electrode
was kept at— 0.5 V for 300 s in 1.0 M KCl solution contain-
ing 0.2 M K;[Fe(CN),] to release the dsDNA into the elec-
trolyte. After rinsing the surface of GCE with DI water, the
electrode was ready for electrochemical tests.

2.5 Material characterization
The surface morphology of the ZnS/graphene nanocompos-
ite was characterized using scanning electron microscope

(SEM) on JEOL JSM-7000F coupled with an energy dis-
persive X-ray spectrometer (EDS, EDAX Instruments).

Table 1 List of probe and target DNA sequences

Gene (s) Synthetic base-pairs of DNA templates

S Probe GACATGTATAGCATGGAACC
Target GGTTCCATGCTATACATGTCTC

ORF 1b Probe CTTTAATGTTTTATTCTCTA

Target TAGAGAATAAAACATTAAAG

Probe TTCACAAGTGCCGTGCCTAC
Target GGGTACTTAACAATGATTATT

Mis-matched negative
control
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The crystalline phase characteristics of the microwave
samples were examined using the X-ray diffraction (XRD)
(Philips X’pert MPD diffractometer) under Cu Ka radiation
(A=1.5405 A) at 20 range of 20 —70°.

2.6 Electrochemical measurements

All the electrochemical tests were conducted in a mixture
of 1.0 M KClI and 0.2 M K;[Fe(CN),] at room temperature.
Cyclic voltammetry (CV) experiments were carried out at
a scan rate of 100 mV s~! from —0.4 to 0.8 V for differ-
ent ZnS/graphene composites. The differential pulse vol-
tammetry (DPV) tests were taken by using parameters as
follows: pulse amplitude, 0.05 V; pulse width, 0.05 s; and
pulse period, 0.5 s. The peak current difference (4/,) was
calculated according to the relation of Af,=1—1,, where
I, represents the peak current for the modified electrodes
immobilized with pDNA and I represents the peak current
for the resulting dsDNA after being released into the elec-
trolyte. The calibration plot, Al, vs. —log C was drawn by
calculating the negative logarithmic values of target samples
concentrations, where C is the concentration of target sam-
ple. Furthermore, the LOD (limit of detection) is measured
using the following equation:

3 X Standard deviation of blank solution, ¢
Slope of the callibration plot

LOD =

(H
In Eq. (1), the standard deviation of blank solution was

measured by running the DPV tests on pDNA-modified
GCE for 10 times.

3 Results and discussion
3.1 Optimizing the precursor ratio

The electrochemical properties of different modified elec-
trodes with different mass of precursors were investigated

Fig.1 a CVs of differ-

by CV technique. Among the four different mass ratios (see
Table S1), as displayed in Fig. 1a, ZnS/graphene-1 has the
prominent redox peaks with the anodic peak to cathodic peak
separation of potential, AE, (AE,=E,4ic peak — Ecathodic peak)
of 130 mV. For the samples of ZnS/graphene-2 and ZnS/
graphene-3, the redox peaks are not prominent and may
be due to the incomplete reaction taking place during the
microwave-assisted synthesis with the less amount of Zn-
precursor. In addition, although ZnS/graphene-4 provides
much higher current due to the presence of high amount of
conductive graphene, the AE is as much as 330 mV, which
indicates a sluggish kinetic transfer process of electrons.

Moreover, the electrochemical property of ZnS/gra-
phene-1 was compared with a physical mixture of ZnS and
graphene with a mass ratio of 6:1, and with the bare GCE.
From Fig. 1b, it can be clearly observed that the physical
mixture does not show prominent redox peaks. For ZnS/
graphene-1 and bare GCE, AE, values are 130 mV and
190 mV, respectively. Moreover, the ZnS/graphene-1 yields
the maximum peak current, possibly because of the acceler-
ated [Fe(CN)()]S_ diffusion towards the surface by a layer of
graphene. Apparently, the ZnS/graphene-1 sample exhibited
much higher electrochemical activity and faster electron-
transfer kinetics (reflected in the lower peak to peak separa-
tion) compared to all other modified electrodes including
bare GCE. Therefore, for further studies, the detection of
DNA samples was carried out on the surface of ZnS/gra-
phene-1 modified GCE which was denoted as ZnS/graphene/
GCE thereafter.

3.2 Characterization of the modified electrode

The morphology and distribution of the ZnS/graphene com-
posite are shown in Fig. 2a—e. The SEM image was uti-
lized to characterize the prepared ZnS/graphene composite
(Fig. 2a). It can clearly be seen that the graphene substrate
was fully decorated by ZnS. The EDS spectrum of ZnS/
graphene exhibited the existence of the Zn and S elements.
Figure 2b —e illustrated the EDS elemental mapping of ZnS/

. ) (a) (b) 1500
ent electrodes in a solution 6000 F —ZnS/graphene-1 ——2ZnS/Graphene-1
containing 1.0 M KCI and —— Zn$S/graphene-2 1000} Physical mixture (ZnS + Graphene)
0.2 M K;[Fe(CN)] as a redox — 4500} — zns/graphene-3 < — Bare GCE
probe at scan rate of 100 § 3000+ w—ZnSigraphonet 2 500k
mVs~!. Zn(Ac),'2H,0, gra- - = T
phene, and S precursors have a 5 1500 o ol
mass ratio of 6:1:1, 4:1:1, 2:1:1, E =
and 6:2:1, respectively. b CV (&) B O 500k ;'\\/
curves of different electrodes in -1500 F
a solution containing 1.0 M KCl -1000 }
and 0.2 M K;[Fe(CN);] -3000 -
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Fig.2 a SEM image and EDS spectrum; b —e the EDS elemental mapping; f XRD pattern and g XPS spectrum of ZnS/graphene composite

graphene composite which clearly showed the evenly dis-
persed elements of Zn and S on the graphene surface. In
addition, the C, Zn, and S components were closely stacked,
indicating the formation of the hybrid composite. The XRD
diffractogram of ZnS/graphene is shown in Fig. 2f. The
strong peaks appeared at 20 around 26.68°, 28.56°, 30.86°,
and 51.1° are assigned to (100), (002), (101), and (103)
reflections of hexagonal wurtzite ZnS (JCPDS 36-1450),
respectively. The overall XPS spectrum for the ZnS/gra-
phene composite is shown in Fig. 2g. The spectrum showed
the presence of C 15, O 1 s, Zn 2p, and S 2p peaks. The
characterized results confirmed the successful synthesis of
ZnS/graphene composite. Since microwave-initiated synthe-
sis does not have any inert gas protection during the heating
process, the EDS spectrum showed the presence of ZnO.
However, the ZnO does not contribute much to DNA detec-
tion. The CV and DPV comparison between ZnO and ZnS
have been discussed and shown in Fig. S1.

3.3 Detection of synthetic target DNA samples

To explore the analytical characteristics of the optimized
ZnS/graphene/GCE for the detection of synthetic gene DNA
sequences, DPVs were performed in an electrolyte solution
of 1.0 M KClI containing 0.2 M K;[Fe(CN),]. Initially, the
sensor electrode of ZnS/graphene/GCE was attached with
the 1.0x 107° M probe DNA (pDNA) and treated for dif-
ferent concentrations of target DNA (tDNA) solutions as
depicted in Fig. 3a. After immobilizing the pDNA on the
surface of ZnS/graphene/GCE, the oxidation or anodic
peak current (I,,) decreases significantly because the non-
conductive pDNA blocks the effective electron transfer
through the coating surface. However, when the pDNA was
hybridized with the tDNA, the peak currents were enhanced
linearly with the enhancing concentrations of tDNA from
1.0x 107" M to 1.0x 1077 M. The release of the resulted
dsDNA from the ZnS/graphene/GCE surface occurs because

@ Springer
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Fig.3 a DPV plots and b the regression calibration plots (note: probe and target DNA samples are for S-gene). ¢ DPV plots and d the regression
calibration plots (Note: probe and complementary DNA samples are for ORF 1b-gene)

of hybridization with complementary targets, accompanied
with the self-signal regeneration of the ZnS/graphene/GCE.
With an increase in tDNA concentration, more of the pDNA
can get hybridized and then release into the electrolyte.
Therefore, the electron transfers as well as the peak currents
increase. Furthermore, the regression calibration plot was

drawn from Al vs. —log C with the correlation coefficient
estimated as Rf= 0.96 as shown in Fig. 3b. Thus, the limit
of detection (LOD =3o/slope) was determined, which was
found to be 4.453 x 1072° M.

In addition, the DPV tests were performed for the ORF
1b-gene. As displayed in Fig. 3c, the results follow a similar

(b)

Mis-matched sequences

PDNA  5- GGG TAC TTA ACA ATG ATT ATT - 3’
I I I

tDNA 3’- CAT CCG TGC CGT GAACAC TT-5’

@ =
1000 - -
- gook = F/ZAY e ZnSIGIGCE
i ——10°M tDNA
b -7
600 — 10" M tDNA
'q:'; ——10°M tDNA
o e 10°M tDNA
‘5 400 — 10" M tDNA
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200 (10 M pDNA)
0 p—=
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0.1
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Fig.4 a DPV plots of synthetic samples. b Mismatched sequences of pPDNA and tDNA (Note: probe and target DNA samples are negative control)
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trend like S-gene. However, at the lower concentrations of
cDNA samples from 107'2 M to 107! M, results showed
arbitrary currents, and therefore the regression coefficient
is only 0.74 (Fig. 3d). Based on these findings, the LOD was
measured to be 2.013x 10718 M.

Following the same steps and procedures, DPV tests were
also performed for mismatched negative control sample, as
displayed in Fig. 4a. Since there is only a few of matched
sequences present in these samples (Fig. 4b), the tDNA
cannot hybridize successfully with the pDNA. Therefore,
although after hybridization the currents get increased from
the pPDNA-modified electrode, there is no particular trend
found for these samples. The matched sequence of S and
ORF-1b genes are shown in Fig. S2.

3.4 Detection of SARS-CoV-2 standard samples

Following the similar DPV characterization technique,
the detection of SARS-CoV-2 standard samples was per-
formed. The positive control from TaqPath™ COVID-19
Fast PCR Combo Kit 2.0 was diluted to a working stock
of 20 copies/uL on ice (ThermoFisher). This Fast PCR kit
Positive Control consists of several different gene tem-
plates (200,000 copies/1 mL), such as S, N, and ORF1ab,
which is widely used by CDC CLIA certified laboratories.
Any of the probe templates targeting these genes can be
used to perform the validation of the detection tests; there-
fore, we tested the S and ORF1b probes used in Fig. 2. As

0 I 1 1 1 1
17.7 18.0 183 186 189 19.2
-log C (M)

0.4 0.5

shown in Fig. 5a, S-probe can detect from 20 copies up
to 1 copy. The corresponding concentrations of different
number of copies are displayed in supporting information,
Table S2. From these results, one thing is noticeable that
the low concentrations at the range of 107! M to 1072° M
can be detected. Despite of the presence of all different
genes in a standard solution, only a single probe template
was used to detect the hybridized dsDNA. Hence, there is a
huge chance of some target templates remain immobilized

Table 2 Comparison of the designed biosensors for the detection of
SARS-CoV-2

Platform Detection Method LOD Reference
Pt/Ti/glass wafer Impedance 11078 M [43]
Co-TNTs Amperometry Tx1070°M  [44]
Graphene SWV 26x1077M  [45]
Au IDE EIS 3.9x107'°M [46]
CSPE/CNF-AuNP  EIS Tx107B3 M [47]
rGO-Au EIS 131075 M [48]
PANI/GCE DPV 35100 M [31]
MIP/Au-TFE DPV 151075 M [49]
AuNPs/FTO DPV 10x107 M [50]
ZnS/graphene/GCE DPV 2.1x1072M  This work

Co-TNTs cobalt functionalized TiO, nanotubes, IDE interdigitated
electrode, CSPE carbon-based screen-printed electrode, CNF carbon
nanofibers, MIP molecular imprinted polymer, TFE thin film elec-
trode, FTO fluorine doped tin oxide electrode
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Fig.6 a Detection steps of

synthetic DNA samples via (a)
one-step hybridization method.

b DPV plots to detect S-gene

by one-step method [note:

probe and complementary DNA

samples are for S-gene]

Incubate the solution for 5
min at room temperature

Add hybridized dsDNA into the
electrolyte solution and mix well

Perform the
electrochemical tests

on the surface of ZnS/graphene/GCE even after rinsing
with DI water, which eventually may hinder the electron
transfer process resulting arbitrary change in peak cur-
rents. Similar to the results for synthetic base-pair DNA
samples, the detection of SARS-CoV-2 standard sample
also provides the similar trend of increase in peak currents
by increasing the concentration of target samples. Moreo-
ver, the regression calibration plot (Fig. 5b) was drawn
and LOD values were calculated to be 2.068 x 1072° M
(R*=0.98) for S-probes. These results clearly indicate
a good performance from S-probe to detect the SARS-
CoV-2 standard solutions.

Moreover, the SARS-CoV-2 standard solutions were
also detected using the ORF 1b-probes. For ORF 1b-probe
(Fig. 5c, d), the results followed the trend from 1 to 20 cop-
ies, which has superior sensitivity as RT-PCR detection
method using the TagPath™ COVID-19 Combo Kit.

Additionally, the performance of the DNA biosensor for
the detection of SARS-CoV-2 was compared with previously
published studies. According to Table 2, the proposed ZnS/
graphene modified GCE achieved a lower detection limit
which has 5 orders of magnitude less than the other reports.

3.5 Investigating the detection of synthetic DNA
samples by one-step hybridization

Besides investigating the detection of DNA samples follow-
ing the multiple-step procedure, the one-step hybridization
technique was also applied in this study. The major steps
are displayed in Fig. 6a, where instead of drop coating the
DNA samples onto the surface of ZnS/G-modified GCE,
the probe and target DNA samples were directly mixed into
the electrolyte solution. Subsequently, the DPV tests were
performed using the ZnS/graphene/GCE as the working
electrode. From the results displayed in Fig. 6b, at high con-
centration range from 1x 107 M to 1x 107! M of cDNA,
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the results showed the similar trend as before. However,
the samples with low concentrations from 1x 107'! M to
1x 107" M, the results are inconsistent. These results can
be improved by handling the samples more carefully. Moreo-
ver, this one-step hybridization can save a lot of sample-
preparation time comparing to the multiple-step procedure.
Further optimizations, specifically for incubation time and
temperature are still required to establish a stable detection
method using one-step hybridization.

4 Conclusions

In conclusion, we report the construction of novel electro-
chemical sensing nanohybrid of ZnS/graphene for detect-
ing SARS-CoV-2 nucleic acids by a one-pot and ultrafast
microwave-controlled synthesis approach. The ZnS/gra-
phene modified GCE exhibited promising electrochemical
property and faster electron transfer kinetic which improved
the detection performance. When the pDNA was immobi-
lized on the surface of ZnS/graphene/GCE, the peak cur-
rent decreased due to the obstruction of electron transfer
process. Hybridization between the probe and target DNA
caused the regeneration of the self-signal of ZnS/graphene.
The peak current showed linear trend with decreasing the
concentration of target DNA. Among different pDNA
sequences, S-gene provides a better detection result when
hybridized with target DNA or standard SARS-CoV-2 con-
trols where the limits of detection are 4.453 x 1072 M and
2.068 x 10729 M, respectively. In addition, we presented a
one-step hybridization to save the multiple-step procedure.
A similar result was obtained only at high concentrations
from 1x 107 M to 1x 107'° M. The investigation of the
one-step hybridization could be further studied. Overall,
the microwave-synthesized composite of ZnS/graphene
coating on the GCE electrode showed superior sensitivity
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and low-concentration detection limit. Our strategy and
assays developed here could be useful for rapid virus infec-
tion screening, public health surveillance, and in the settings
with limited laboratory resources and utilized by users with
limited training. Our platform will enable robust, low-cost,
multiplex, and quantitative DNA/RNA analysis tools for
field-deployable detection devices.
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