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Abstract

African Swine Fever Virus (ASFV) is a DNA virus of the Asfivirus genus of the Asfarviridae family that is found
in blood, body fluids, and internal organs. ASFV was described more than 40 years ago. This virus spreads
pandemically and the mortality rate of the virus-related disease ranges from 90 to 100 %. The aim of this study
was to propose the detection of the specific nucleic acid of ASFV using electrochemical detection.
Determination of DNA was conducted by chronopotentiometric stripping analysis (time of accumulation 120 s,
stripping current 20, 10, 5, 1 yA, measurement time 240 s). The volume of the analyzed sample was 10 pL.
Sufficient analysis duration (200-600 s) is required to fully record the H peak signal of DNA at a given applied
current. Extending the DNA analysis time at a given current significantly improved the dt/dE records of the H
peak and the reproducibility of the analysis (RSD up to 10%). It was found that the suitable time at which the
H peak is plotted reliably is around 240 s. The detected dsDNA concentration dependence (0 to 60 pg/mL) on
the catalytic signal of the H peak was described according to the equation y = 260.4 + 366.7x, r = 0.961, RSD
23.1%. Subsequently, the SPION particle was modified with dsDNA. After the thermal release of DNA from
SPION, DNA was immediately determined by chronopotentiometric stripping analysis method.
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1. INTRODUCTION

African swine fever (ASF) is a highly dangerous swine disease occurring on various continents. The African
swine fever virus (ASFV) is known mainly for its infectivity and high mortality of the Suidae family. ASF first
appeared in the sub-Saharan region of Africa [1] and from there the disease spread through the
Transcaucasian region to Russia, Europe and Asia. ASF is already spreading in the Pacific. There is a growing
concern that the disease will spread to other areas as a result of travel and imports of pork products from
countries where ASF is present. In wild boars, the situation is out of control in many countries. The causative
agent of ASFV is an enveloped cytoplasmic double-stranded DNA arbovirus (Asfavirus) (genome size 170-
193 kbp), which is the only member of the Asfarviridae family (Figure 1). Anti-epidemiological measures
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include disinfection regimes, partial or complete quarantine in the areas concerned and the consistent
eradication of susceptible individuals at the outbreak. Early diagnosis is key to performing these measures.
Commonly used virus identification techniques are based on the detection of viral nucleic acid by PCR or are
based on the detection of viral antigens by immunological techniques. The specificity and sensitivity of these
methods is very good, but they require laboratory facilities and qualified personnel. Electrochemical detection
of nucleic acids is based on the redox properties of the nucleic bases present in DNA or RNA [2,3]. Until almost
the late 1950s, nucleic acids were considered electrochemically inert and too large to be analyzed by
electrochemistry. In 1958 Professor Emil PaleCek found that the nuclear bases adenine and cytosine are
electrochemically reduced [4,5]. Typical reduction signals of adenine and cytosine [6] are observable as a
signal with a maximum in the region of about -1.30 V [7]. Later, Professor Trnkova described the detailed
electrochemical behavior of guanine [6]. Both these discoveries helped to develop a completely new field of
bioanalytical chemistry: sensors and biosensors. In contrast, electrochemical biosensors (do not require
qualified BSL-2 laboratories) and can also speed up the detection of dangerous viruses [8,9]. The aim of this
work was to propose the use of chronopotentiometric stripping analysis (CPSA) for sensitive detection of
dsDNA.
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Figure 1 The most important capsid virion protein of the African Swine Fever Virus (ASFV) is depicted from
the Protein Data Bank (PDB repository (https://www.rcsb.org/). P72 is the most abundant capsid virion
antigenic in swine and considered the most important biomarker for the disease diagnosis (PDB ID: 612t).
The 3-D visualization of the ASFV capsid virion protein p72 in the resolution of 4.1 A, where the hydrogen
bond could be examined accordingly [10,11].

2. MATERIALS AND METHODS

2.1. Chemicals and chemical analysis

All chemicals used in this study such as Trizma base, trisodium citrate, hydrogen tetrachloroaurate(lll)
(HAUCls), acetic acid (HAc), sodium acetate (NaOAc), tris(2-carboxyethyl)phosphine hydrochloride (TCEP),
ethylenediaminetetraacetic acid (EDTA), disodium hydrogen phosphate (Na:HPO4), potassium dihydrogen
phosphate (KH2PO4), sodium chloride (NaCl), potassium chloride (KCI), and HCI were purchased from Sigma-
Aldrich (St. Louis, MO, USA), in ACS purity. Deionised water was prepared by using the reverse osmosis
equipment Aqual 25 (Brno, Czech Republic), and was further purified by using an ELGA apparatus equipped
with a UV lamp (Lane End, United Kingdom). The resistance was 18 MQ and the pH was measured using the
pH meter VWR (Radnor, USA).
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2.2. Spectrometry measurement

The absorption spectra, in the wavelength range of 200 to 800 nm was measured. For fluorescence spectra,
there was an excitation wavelength of 250 nm and an emission wavelength in the range from 350 to 800 nm
(Varioskan, Thermo Fisher Scientific, USA). The optical properties of hanoparticles were studied by spectral
analysis.

2.3. Electrochemical measurement

Electrochemical measurements were performed with an AUTOLAB Analyser connected to VA-Stand 663,
using a standard cell with three electrodes. The working electrode was a hanging mercury drop electrode
(HMDE) with a drop area of 0.4 mm?. The reference electrode was an Ag/AgCl/3M KCI electrode, and the
auxiliary electrode was a graphite electrode. The supporting electrolyte containing 0.2 M Mcllvaine buffer (pH
7.0) was used. CPSA: time of accumulation 120 s, stripping current 20, 10, 5 and 1 pA, measurement time
240 s.

2.4. Zetasizer analysis

The size distribution (i.e., the hydrodynamic diameter, DH) was determined by dynamic light scattering (DLS)
using the Zetasizer Nano ZS ZEN3600 (Malvern Instruments, Malvern, UK) with the detection angle of 173° in
optically homogeneous square polystyrene cells. The samples have diluted a hundredfold with deionized
water. All measurements were performed at 25 °C. Each value was obtained as an average of 5 runs with at
least 10 measurements. Version 7.10 of the Zetasizer Software was applied for data evaluation. The particle
charge (C-potential) was measured by the microelectrophoretic method using a Malvern Zetasizer Nano ZS
ZEN3600 (Malvern Instruments, Malvern, UK). All the measurements were performed at 25 °C in
polycarbonate cuvettes. Each value was obtained as an average of 5 subsequent runs of the instrument with
at least 20 measurements.

2.5. Synthesis of SPIONs and SPION/DNA

1.3 g of Fe(NO3)3-9H20 was dissolved in 80 mL of water (18 MQ). A quantity of 1.4 mL 25% NH3 was diluted
in 8.6 mL water and 0.2 g NaBH4 was dissolved in this mixture and, subsequently, the mixture was stirred (300
rom, 10 min at 22 °C). The solution colour turned dark brown. The mixture was heated to 100 °C for 2 h and
stirred (300 rpm, stirring overnight at room temperature). The magnetic particles were separated from the
solution via a magnet and washed several times in water. The solution of HAuCls (20 mL, 1 mM) was added
to the magnetic particles and stirred (300 rpm 3 h at 22 °C). Subsequently, the solution of CeéHsNasO7-2H20
(0.5 mL, 0.265 g/10 mL) was added to the mixture and stirred overnight. Finally, the gold SPIONs were
separated via a magnet and dried (40 °C).

2.6. Statistical data analysis

Available experimental data were processed and evaluated mathematically and statistically directly in the
Qinslab database. The exclusion of extreme values for data sets was performed by calculation in the Grubbs
test. Experimental work was performed in at least three independent experiments (n1). Each sample in the
experiments was analyzed at least five times (nz2). The data presented in this work are presented as average
values. LOD (limit of detection) values were determined according to the work of Hubaux and Vos [12] at a
level of significance of 95%. Data visualization was performed using the Qinslab database.

3. RESULTS AND DISCUSSION

Electrochemical biosensing of viral pathogens is summarized in a study by Campuzano et al. [13]. A viral
pathogen can be detected by the presence of its nucleic acid. The designed biosensor allows recognition very
easily [3]. The concept proposed by us is summarized in Figure 2. The SPION particle is modified with a
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specific ASFV antibody (most often to the p78 protein). The virus is captured on SPION and after the necessary
washing steps is mechanically and physically inactivated and disrupted (thus guaranteeing specificity). The
nucleic acid is released into solution and analyzed by CPSA. In view of the direct detection of the presence of
a pathogen in a sample, it is necessary for these purposes to obtain a significant sensitivity of DNA detection,
which is guaranteed by CPSA which is highly sensitive in the order of up to fg in the analyzed sample.In several
previous experimental works, we used mainly redox signals of nucleic acid bases (adenine, cytosine) [14]. The
sensitivity of these approaches varies in submicrograms per mL. Catalytic signals are known to increase the
sensitivity of analyte detection [15]. Catalytic signals of hydrogen excretion have been described for proteins
but also for nucleic acids [16,17]. We focused on the description of the basic behavior of the H peak induced
by the presence of dsDNA (in Mcllvaine buffer, pH 7.0).

Electrochemical detection of viral DNA
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Figure 2 Scheme of presumed direct detection of viral DNA using electrochemical detection of CPSA. The
procedure uses gold magnetic particles (SPIONs) modified with a specific antibody to the ASFV. A biological
sample (homogenate) containing ASFV is incubated with SPION. Bound ASFV to SPION is subsequently
disintegrated to release genomic DNA. The obtained sample is analyzed electrochemically by CPSA.

Gold is known to adsorb to DNA through affinity interactions [18]. Some forms of interactions between ds-DNA
and citrate coated gold nanopatrticles have been reported [19-25]. Different electrointeractions between the
surface of gold nanoparticles (having a positive charge) and DNA that has a negative charge, were
demonstrated. Gold nanoparticles are known for their excellent biocompatibility with biomolecules and possess
remarkable structural, electronic, magnetic, optical and catalytic properties [26]. Caballero et al. [27] found that
a-lipoic acid/aminoanthraquinone functionalized gold nanoparticles caused notable coiling/wrapping of DNA
despite their anionic surface charge. The functionalization of magnetic nanoparticles with gold was
demonstrated through the conjugation of thiolated DNA to the gold shell [28]. Synthesis Deghan et al. reported
that SPIONs doped with 2H-chromene via dopamine as cross linker bound to calf thymus DNA via groove
binding mode [29]. Regarding ssDNA and dsDNA interactions with AUNPs, dsDNA has (due to its double helix
structure, which exposes the negative charges of the phosphate groups to the outside) greater rigidity than
ssDNA, which makes it difficult to interact with the surface of anionic AuNPs. In addition to affecting the
electrostatic component of this interaction, Van der Waals forces are also affected by the presence of non-
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polar regions in DNA. In the case of cationic AuNPs, electrostatic forces prefer the molecular approach
[30-32]. The presence of cationic NPs causes partial denaturation of the DNA helix, resulting in a number of
intermediate structures between ss and dsDNA [31]. Electrostatic interactions lead to DNA bending, whereas
hydrophobic interactions with bases in the grooves deform the DNA structure [30,31].

=
)
=
=
15 000  |10000
= o =
3 5
s 4 —— 3 |
: i ] e \ N JL_ NS N
Z g 1 1 1 o mmmemEeEEooo-fene-e- e e L LR L Lt
Z Il
=] .
:E 10 000 300007 y=2518x+ 11462 300007 y=024x+ 6021
, \ <
H Z
£ = 25 000
_ i l 3 25 000
g o i E - =
= : I ) 2 = 20000
- . v z [
= H
3 [10000 § 2 5000 2 20000 5 == WV
g | 3 3 3
& HE 3 £ 15000
Lz H e B
P 2 :
PN 15 000
i - 10 000 %I
R —
-1.70 168  -1.66 0 T
N + -
Potential (V) 10 000 3000
Presence of DNA 1 2 3 4 5 10 15
Applied current (uA) Applied current (nA)

Figure 3 Typical CPSA signal (peak H) of genomic dsDNA (1 ug/mL), basic electrolyte (black line) at a
measurement time of 120 s. CPSA peak H was tested in the presence and absence of dsDNA (n = 10).
Changes of the H peak signal on the applied current (at measurement times 180 and 360 s). At the top of the
figure, there are typical peaks of H at a given current.

Several different signals appear on the obtained chronopotentiogram of DNA (10 pg/mL) (Figure 3). We
verified that the presence of DNA in the sample leads to the catalytic signal of the H peak (n = 10). We further
studied under which conditions (concentration of DNA in the sample, applied current used for analysis and
maximum duration of analysis) different catalytic signals are generated and how the H catalytic peak of DNA
changes. The applied current is essential for the subsequently detected dt/dE signal (Figure 3). The applied
current suitable for analysis varies according to the amount of dsDNA present in the sample. We tested
different applied currents (20, 10, 5 and 1 pA). At a DNA concentration of less than 1 ug/mL, we achieved the
best-plotted H peaks (dt/dE) at a current of 5 pA. Different current values were applied in two independent
experiments: 10 yA for DNA concentrations of 1, 5 and 10 ug/mL, and 15 pA for concentrations of 10, 15 and
20 pg/mL. For DNA concentrations above 20 ug/mL, the best responses were obtained when applying a
current of 20 pA. Sufficient analysis duration (dependence of a potential E on a time t) is required to fully record
the signal of the H peak of dsDNA at a given applied current. Extending the DNA analysis time at a given
current significantly improved the dt/dE records of the H peak and the reproducibility of the analysis (RSD up
to 10%). It was found that the suitable time for which the H peak is reliably plotted is around 240 s. The
observed concentration dependence of DNA (0 to 60 ug/mL) on the catalytic signal of the H peak was
described according to the equation y = 260.4 + 366.7x, r = 0.961, RSD 23.1 % (Figure 4). To simulate the
detection of dsDNA from the sample, SPIONs/DNA modified particles were prepared: 500 ug of SPIONs was
added to 100 uyg/mL of dsDNA, the interaction was performed for 30 min, 25 °C with gentle stirring; phosphate
buffer (pH 5.0, 0.2 M, 200 pL) was used for the washing step. The tube was placed on a shaker (25 °C, 90 s,
300 rpm). The individual steps were repeated 3 times. The SPIONs/DNA was placed on a magnet and the
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liquid was aspirated, and then the elution phosphate buffer (pH 5.0, 0.2 M) was added. Due to the direct
detection of DNA in the sample, DNA fragmentation may occur, which we do not consider to be a defect. The
tube was placed in a thermoblock (100 °C, 15 min, 350 rpm). Subsequently, the sample was centrifuged at
16,000 g, 5 min, 4 °C, the tube with the sample was placed on a magnet, the liquid was pipetted and transferred
to a clean tube.) The prepared final sample was analyzed by CPSA. A signal was recorded in the presence of
DNA in the analyzed sample, while no signal appeared in its absence (Figure 4).
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Figure 4 Mean CPSA signals dt/dE dsDNA as a function of concentration and the potential of peak H (upper
part of the figure). Confirmation of the presence of dsDNA captured on SPION patrticles after their interaction
for 240 s at 300 rpm and 25 °C in hybridization buffer.

4. CONCLUSION

Research in the field of sensors and biosensors for the rapid diagnosis of dangerous pathogens is a highly
topical issue. We have found that CPSA can be used to detect ASFV DNA using the catalytic signal of the H
peak. The sensitivity of the catalytic signals is significantly higher than the redox signals of nucleic acids. This
fact could bring a significant increase in the sensitivity of direct detection of the detected viral pathogen.
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