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ARTICLE INFO ABSTRACT

Keywords: DNases are enzymes that cleave phosphodiesteric bonds of deoxyribonucleic acid molecules and are found
Nuclease everywhere in nature, especially in bodily fluids, i.e., saliva, blood, or sweat. Rapid and sensitive detection of
Biosensor

DNase activity is highly important for quality control in the pharmaceutical and biotechnology industries. For
clinical diagnostics, recent reports indicate that increased DNase activity could be related to various diseases,
such as cancers. In this paper, we report a new bioelectronic device for the determination of nuclease activity in
various fluids. The system consists of a sensor electrode, a custom design DNA target to maximize the DNase
cleavage rate, a signal analysis algorithm, and supporting electronics. The developed sensor enables the deter-
mination of DNase activity in the range of 3.4 x 10™% - 3.0 x 1072 U mL ™! with a limit of detection of up to 3.4
x 10~* U mL™L. The sensor was tested by measuring nuclease activity in real human saliva samples and found to
demonstrate high accuracy and reproducibility compared to the industry standard DNaseAlert™ . Finally, the
entire detection system was implemented as a prototype device system utilizing single-use electrodes, custom-
made cells, and electronics. The developed technology can improve nuclease quality control processes in the
pharmaceutical/biotechnology industry and provide new insights into the importance of nucleases for medical

DNA immobilization
DNA hybridization
DNase I

applications.

1. Introduction

Nucleases are a family of hydrolytic enzymes that cleave phospho-
diesteric bonds between nucleotides, producing 3'-phospho or 5'-phos-
pho end products. These enzymes can be classified as endo- and
exonucleases, cleaving at the inside of a polynucleotide chain or at the
ends, respectively; however, some enzymes can show both activities
(Yang, 2011). Typically, some nucleases prefer double-stranded nucleic
acids (e.g., DNase I) (Suck, 1994), while others cleave single-stranded (e.
g., nuclease P1) (Fujimoto et al., 1974) or RNA-DNA hybrid (RNase H)
(Nakamura et al., 1991) polynucleotides. Deoxyribonucleases (DNases)
are important targets in biotechnology and are used as tools for DNA
manipulation (Pan et al., 2013) and appear as contaminants where
nuclease-like activity is undesired (Senavirathne et al., 2015; Lopez
etal., 2017). Furthermore, data have emerged indicating the importance
of DNase activity detection for medical applications, i.e., DNases may be
related to various diseases and could be used to monitor the progress of

various cancers (Patel et al., 2000; Balian and Hernandez, 2021) and
inflammatory diseases (Pedersen et al., 2018) as well as biomarkers for
bacterial infections (Flenker et al., 2017). In a recent review by Balian
and Hernandez it was shown that increased DNase I activity is related to
gastric and colorectal carcinomas, and elevated activities of many other
nucleases and cancers were demonstrated (Balian and Hernandez,
2021). Typically, DNases are being detected and quantified using a
classical approach: fluorescence detection (Yonemura and Maeda, 1982;
Choi and Szoka, 2000) or gel electrophoresis (Blank et al., 1982) tech-
niques. Although these methods are highly sensitive and reliable, they
are costly, time-consuming, and require toxic markers such as ethidium
bromide or radiolabeled molecules (Vogel and Frantz, 2015; Boswell
et al., 1989). As alternative methods, novel detection techniques for
DNase detection have been reported, mainly based on fluorescence or
chemiluminescence detection incorporating nanomaterials for signal
enhancement (Mozioglu et al., 2016; Gu et al., 2019; He et al., 2013).
Electrochemical biosensors provide a simple and inexpensive platform
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Fig. 1. The general operation scheme of the DNase biosensor. The target oligo is incubated with the sample. The hybridization rate between the target oligo and the
sensor electrode is monitored. (A) The sample does not contain DNases. (B) The sample contains DNases.

for biomolecule detection while maintaining a high degree of accuracy
and sensitivity. To date, the absolute majority of electrochemical bio-
sensors have been developed for small biomolecules, e.g., glucose
(Gineityteé et al., 2019; Ratautas and Dagys, 2019), glycerol (Ramonas
et al., 2019), lactate (Yang et al., 1999), formaldehyde (Teiserskyte
et al.,, 2021), and others. The targeting of large macromolecules, i.e.,
proteins or enzymes, is still somewhat lagging with a few exceptions
(Agostini et al., 2021; Liu et al., 2022). Therefore, the development of
electrochemical biosensors for these targets can produce novel sensitive
assays. For the case of DNase detection, some biosensors have been re-
ported. Sato et al. reported an electrochemical biosensor for DNase I
detection based on ferrocene-modified DNA immobilized onto the
electrode surface with a detection limit (LOD) of 10~ 2 U mL .. Ding and
Qin reported a potentiometric biosensor for the detection of DNases
based on a polycation-sensitive membrane, and for DNase I, a LOD of
0.45 U mL~! was reported (Ding and Qin, 2013). Despite advances,
electrochemical biosensors developed for DNase detection still lack
sensitivities comparable to that of fluorescence or radiolabeling-based
methods and the reliability required for the analysis of real samples.

In this work, we present a rapid and sensitive bioelectrochemical
device for the determination of nuclease activity in various fluids which
can significantly improve nuclease quality control processes in the
pharmaceutical/biotechnology industry and provide new insights into
the importance of nucleases for medical applications (Fig. 1).

Table 1
Oligonucleotides used in this research.

2. Experimental
2.1. Materials and methods

DNase I (1000 U mL~!, RNase-free), Ultra Low Range DNA Ladder
(Invitrogen), TopVision Agarose Tablets, SYBR™ Gold Stain and DNa-
seAlert™ QC System were purchased from Thermo Fisher Scientific.
Nuclease-free water, Tris(2-carboxyethyl)phosphine hydrochloride
(TCEP), 6-mercapto-1-hexanol (MCH), and potassium hydroxide, and
TBE buffer (89 mM Tris-borate and 2 mM EDTA, pH 8.3) were purchased
from Sigma. Sodium dihydrogen phosphate and disodium hydrogen
phosphate were purchased from Reachen Slovakia. Magnesium chloride
hexahydrate, calcium chloride and sulfuric acid were purchased from
Merck. Sodium chloride and Tris were obtained from Roth. All reagents
were analytical grade. Nuclease-free water was used during the
measurements.

Oligonucleotides were purchased from Metabion AG. The sequences
are given in Table 1. The freeze-dried oligonucleotides obtained were
dissolved in 10 mM Tris buffer solution, pH 8.00. The storage concen-
tration of the probe sequence was 800 pM, and this solution was kept at
—20 °C. The target oligo solution was prepared by heating a 10 mM Tris
solution consisting of 40 pM DNA1 and 42 pM DNA2 sequences to 65 °C
for 10 min and allowing the solution to cool down gradually. The probe
oligo solution was prepared using TCEP solution (20 mM TCEP, 10 mM

Oligonucleotide Sequence (5’ — 3')

SH-C6-AATTATCAAACACAAACAGACTTAA
DNA1: GCCCGAGAGCAGTAGTCGTTAAGTCTGTTTGTGTTTGATAATT
DNA2: CGACTACTGCTCTCGGGC-AttoMB

Probe oligo
Target oligo

ssDNA oligo AttoMB-GCCCGAGAGCAGTAGTCGTTAAGTCTGTTTGTGTTTGATAATT
Noncomplementary AttoMB-CAGGTGGAACCTCATCAGGAGATGC
DNA oligo
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Tris, 100 mM MgCl,, pH 7.2). This mixture was kept at room tempera-
ture in the dark for 1.0 h. After reduction, the oligonucleotides were
diluted to a final concentration of 1.0 pM (10 mM Tris, 100 mM MgCls,
pH 7.2). This solution was used to immobilize the probe oligo on the
electrode surface and is referred to as the working probe solution (WPS).

2.2. Electrode preparation procedures

Gold disc (d = 2 mm) and screen-printed (d = 2 mm) electrodes for
sensor preparation were purchased from BASi and Zimmer & Peacock,
respectively. First, mechanical electrode cleaning was performed by
rinsing the gold surface with deionized water and gently dabbing with
lab tissue soaked with acetone. Subsequently, the electrodes were pol-
ished on microcloth wetted with deionized water and a 0.3 pm alumina
suspension for several minutes, and mechanical cleaning was performed
by sonicating the electrodes for 5 min in an ultrasound bath. Subse-
quently, electrochemical cleaning was performed, as described previ-
ously (Ratautas et al., 2017). Next, 2.0 pL of gold nanoparticle (AuNP)
solution was placed onto the electrode surface and left to dry at room
temperature. Once completely dry, the nanostructured surface was
electrochemically cleaned once again. The prepared electrodes were
placed into 120.0 pL WPS and kept at +4 °C overnight. Subsequently,
the electrodes were thoroughly rinsed with deionized water, and sub-
merged in 4.0 mM 6-mercapto-1-hexanol solution for 4 h at room tem-
perature. Finally, the electrodes were stored in hybridization buffer
(HBS, 20 mM PBS, 3M NaCl, pH 7.0) until measurements.

2.3. Preparation of samples

To obtain an artificial sample, 55.6 nM DNA oligonucleotide (either
ssDNA, target or noncomplementary DNA oligo) was added to 3.5 mL of
DNase I working buffer (DWB, 10 mM Tris-HCl, 2.5 mM MgCl,, 0.5 mM
CaCl,, pH 7.6) solution. Afterward, a specific amount of DNase I was
added. The solution was agitated at 37 °C for 30 min before being
transferred to the electrochemical measurement cell.

Human saliva samples were purchased from UAB 'RDA Spot’
(Lithuania). The samples were taken from volunteers under a written
agreement. Saliva samples were collected from a volunteer into a sterile
polypropylene tube. The collection was carried out in the morning
before the volunteer ate or drank anything. The sample (800 pL) was
centrifuged at 1600 rcf for 10 min and again at 16 000 rcf for 10 min.
The supernatant (5.0 pL) was added to a 3.5 mL DWB solution con-
taining 55.6 nM target oligo. The solution was gently mixed by invert-
ing, and the reaction was carried out at 37 °C for 30 min with agitation.
Finally, the resulting solution was measured using cyclic voltammetry.

2.4. Methods

Electrochemical measurements were conducted in a 7.0 mL cell
using a three-electrode system (probe oligo-modified working electrode,
Pt auxiliary electrode, and Ag/AgCl (3 M KCl) reference electrode) with
a Gamry Reference 600™ potentiostat. The experiments were carried
outina 1:1 (V/V) mixture of HBS and sample solutions at 45 °C. The cell
was constantly stirred between cyclic voltammetry (CV) measurements,
but the stirring was turned off while the CVs were being recorded. CVs
were run from 0 to —0.5 V at a scan rate of 0.05 Vs, CVs were recorded
at intervals of 1 min, 5 min, or 10 min. Electrochemical measurements
with single-use electrodes followed the same protocol, except that the
stirring was not turned off even when the CVs were being recorded.

DNA electrophoresis was conducted to investigate the cleavage of
double-stranded DNA (target oligo) and single-stranded DNA (ssDNA
oligo) oligonucleotides. The target and ssDNA oligo solutions (26.6 pM
in DWB) were incubated with DNase I at 36 °C (0 U mL ™! for the control
and 2.6 U mL ™! for the test). Subsequently, the oligonucleotide solutions
were diluted with an equivalent volume of DNase I inhibition solution
(200 mM EDTA, 1.5 M NayHPO4, pH 7) and mixed. Agarose gel (5.0%)
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Fig. 2. Electrochemical analysis of the sensor electrode demonstrating the
hybridization of ssDNA oligo with atto-MB. (A) CV analysis of the electrode
after the addition of a 60 nM ssDNA oligo. CVs were recorded at different times
after addition of ssDNA oligo in the range 0-60 min. (B) The fitting of cathodic
current values to the model (SI, Equation S(1)). Green data points indicate the
measurement data, while red dashed lines indicate fitted curves with surface
coverage values. (C) Curve demonstrating the dependence of the hybridization
of ssDNA oligo on time. Surface coverage values were fitted to a model (SI,
Equation S(1)), and the hybridization parameters were extracted. The red
dotted line demonstrates the fit of the initial hybridization data to a
linear model.

was loaded with a ladder (3.0 pl per lane) and the electrophoresis was
performed of eight samples (10.0 pl per lane) in TBE buffer at 80 V for
80 min. The gel was submerged in a water bath to prevent an increase in
the buffer solution temperature. Next, the gel was stained with SYBR
Gold in TBE for 1 h.

DNase Alert™ sample testing was carried out using the manufac-
turer’s instructions with a PerkinElmer LS fluorescence spectrometer
equipped with a biokinetic accessory and a thermostat. Briefly, 315 pL of
nuclease-free water was mixed with 45 pL 10X NucleaseAlert buffer, 45
pL DNase Alert Substrate, and 45 pL of saliva supernatant. The solution
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Fig. 3. Comparison of DNase I activity for single-stranded DNA (ssDNA oligo) and hybrid (containing both single- and double-stranded) DNA (target oligo). (A)
Schematic illustration of DNA oligonucleotides used to investigate DNase I activity — ssDNA oligo (purple) and target oligo (green). (B) Gel electrophoresis for the
target (lanes 1-4) and ssDNA oligos (lanes 5-8). The lane progresses by increasing the incubation time with DNase I (0 min, 8 min, 16 min, 32 min). (C) Curve
demonstrating the hybridization rate of ssDNA oligos incubated with solutions of various DNase I activities. The inset shows the relative hybridization rate
dependence on DNase I solution activity. (D) Curve demonstrating the hybridization rate of the target oligo incubated with solutions of various DNase I activities. The
inset shows the relative hybridization rate dependence on DNase I solution activity.

was measured in a low volume quartz cuvette with stirring at 37 °C using
real-time fluorescence measurements at 30 s intervals (Ex: 535 nm, Em:
556 nm).

3. Results and discussion
3.1. Development of DNA-modified electrodes for DNA hybridization

Designing an electrode surface capable of hybridizing DNA at high
rates and specificities was critical for a functioning nuclease sensor. The
final iteration electrodes, prepared using AuNPs, with immobilized
probe oligo (Table 1) and self-assembled MCH monolayer, were named
sensor electrodes. The representation of the sensor electrode is pre-
sented in Fig. 1. The rationale for using AuNPs is based on our previous
experience indicating that AuNPs significantly increase the active sur-
face area of the electrode and allow for the adsorption of more bio-
molecules (Ratautas et al., 2016). MCH was used based on previous
works, which have shown that self-assembled monolayers significantly
improve the efficiency and specificity of DNA immobilization on gold
(Steel et al., 1998; Lao et al., 2005; Farjami et al., 2010, 2012).

The sensor electrode was used to investigate the hybridization pa-
rameters of the complementary ssDNA oligo with the redox-active
marker (atto-MB) at the 3’ end. After the addition of the ssDNA oligo,
the CVs were recorded from O to —0.5 V after 0-60 min (Fig. 2A). CV
analysis did not show a significant electrochemical process immediately
after the addition of ssDNA oligo (t = 0 min, purple curve). After 10 min,
CV was recorded again, and atto-MB reduction and oxidation peaks were
observed at —0.271 V and —0.265 V, respectively. These potential
values were found to be similar to that for methylene blue redox on
DNA-modified electrodes, as reported previously (Kelley et al., 1997).

The electrode was allowed to hybridize for up to 60 min, while the CVs
were recorded at 20, 30 and 60 min. CVs demonstrate an increase in
current values, but no significant changes in potentials are observed,
thus providing evidence for the progression of DNA hybridization on the
electrode. It is important to note that the potential difference between
the cathodic and anodic peaks is only 0.006 V, showing the electro-
chemistry of surface-bound species (Bard and Faulkner, 2001). Control
experiments were carried out to demonstrate that specific DNA-DNA
hybridization is observed (SI, Figs. S2-S5). Controls were recorded using
electrodes without probe oligo, without MCH and using the final sensor
electrode (both MCH and probe oligo) but adding a noncomplementary
DNA oligo. In all three cases, no increase in redox peaks was observed.

We investigated the kinetics of ssDNA oligo hybridization to evaluate
its surface coverage and rate. First, we estimated the amount of ssDNA
oligo on the electrode surface by fitting the CV data to the potential-
current function for surface-adsorbed redox-active species from Bard
(Bard and Faulkner, 2001) (SI, 1. Fitting). The fitting was carried out for
a cathodic scan in the potential range of —0.15 to —0.4 V (Fig. 2 B; SI,
Equation S(1)) and demonstrated excellent agreement with the experi-
mental data points. From the fitted CV curves, the molar number for the
ssDNA oligo was determined to vary in the range of 0-1.2 pmol. After-
ward, we evaluated the hybridization rate and the surface saturation of
the sensor electrode with the ssDNA oligo (Fig. 2C). Molar numbers of
ssDNA oligo were plotted against time and fitted to the equation
describing time-dependent DNA hybridization on the electrode (SI,
Fitting, Equation S(2)). The data show excellent agreement with the
experimental results, indicating that DNA hybridization on the electrode
can be approximated using first-order kinetics. The maximum molar
number for hybridized ssDNA oligo is approximately 1.5 pmol (or
calculated to be 75 pmol cm™2 for a geometric electrode surface area).
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Fig. 4. The sensor electrode performance when hybridized with 55.6 nM target oligo solutions incubated with various DNase I activities (0, 1074, 3 x 107, 1073,
1072,3 x 107210 UmL™1). (A) Dependence of the hybridization rate on DNase activity (0-10~! U mL™1). The inset shows a lower DNase activity range (0-10"2 U
mL~1). (B) Calibration curve demonstrating a linear dependence on the negative logarithm of nuclease activity.

This number is much higher than the values reported previously
(1.6-6.5 pmol cm’z) (Steel et al., 1998; Zhang et al., 2007) and can be
attributed to the usage of gold nanoparticles, which significantly in-
crease the surface area and allow more complementary DNA to hy-
bridize. To evaluate the hybridization rate, the initial data points (up to
15 min) were fitted to a linear model (Fig. 2C, red line), and the slope of
the line was named vj,. The value of vi, shows the hybridization rate
(pmol min~1) and can be further used in the developed biosensor to
evaluate the nuclease activity.

3.2. Optimization of the DNA oligonucleotide for maximum and
nonspecific DNase activity

Once we have developed an electrode for fast and selective hybrid-
ization of DNA and a method to evaluate the hybridization rate, a DNA
target sensitive to a broad nuclease activity is required. DNases have
sequence-dependent activity, most notably significant activity differ-
ences for single- and double-stranded DNA (Suck, 1994; Dingwall et al.,
1981; Desai and Shankar, 2003). Our aim was to detect total nuclease
activity in a sample, thus indiscriminately detecting the activity of most
nucleases. For this reason, we designed a hybrid DNA oligonucleotide
composed of single- and double-stranded DNA (Fig. 3A). This oligonu-
cleotide is composed of longer (43 nt) and shorter (18 nt) DNA chains
hybridized together in a solution and was named the target oligo.
Initially, electrophoresis was conducted to investigate the activity of the
model enzyme DNase I toward ssDNA and target oligos (Fig. 3B). The
results demonstrate that the target and ssDNA oligos are bound to the
SYBR Gold dye, which emits at a wavelength of ~537 nm, while the
redox-active label atto-MB absorbs light at ~668 nm. As a result, darker
bands are visible on the gel with atto-MB-labeled oligos, indicating that
the fragments are not affected by nucleases (t = 0 min). Significant
differences between the target and ssDNA oligos appear after 8-32 min
of incubation with DNase I. Broader bright bands appear as the target
oligo is cleaved by DNase I, since the redox-active label atto-MB is
removed from the DNA chain. In contrast, the ssDNA oligo did not show
any obvious signs of a decrease in mass or band broadening, indicating
that this type of DNA is not significantly affected by DNase I.

Electrochemical measurements show that both the ssDNA and target
oligos are able to hybridize with the probe oligo attached to the surface
and approach the surface saturation (Fig. 3CD). CV measurements were
carried out using oligos treated with DNase I solution with different
activities (0, 10’3, 107U mL’l) (Fig. 3CD). The results demonstrate
that the target oligo shows an apparent decrease in the hybridization
rate (viy) with an increase in DNase I activity (Fig. 3D, inset). The hy-
bridization rate of the ssDNA oligo is only decreased at significantly
higher DNase I activities. Thus, a custom-designed target oligo was
chosen as a nucleotide for DNase detection.

3.3. Characterization and performance of the nuclease activity biosensor,
prototype biosensor development

The sensor electrodes were calibrated using DNase I solutions with
various activities. First, the target oligo was incubated with 0-107! U
mL~! DNase I and then hybridized with the sensor electrodes. The
dependence of the hybridization rate (vi,) on the nuclease activity is
presented in Fig. 4. The data show that vy, for the target oligo is related
to nuclease activity. For the case when no DNase I is used, v, is 0.035 +
0.005 pmol min~. For example, when the target oligo is incubated with
107! UmL ™! DNase I, vi, is decreased to 0.00047 + 0.0007 pmol min L.
To carry out the calibration, we plotted the dependence of the hybrid-
ization rate against the negative logarithm of nuclease activity (Fig. 4B).
The data were fitted to a linear model, and a calibration curve was
obtained:

y=-log[Nucleasela + b (Equation 1)

Here, a — slope (0.0098), b — intercept (0.014). It is important to
determine the parameters of the biosensor, the limit of detection (LOD)
and the sensitivity. Sensitivity is usually defined as the slope of the
calibration curve (Bhalla et al., 2016); therefore, the sensitivity of the
biosensor was determined to be 0.0098 pmol min~! (-log[nuclease
activity])’l, with the biosensor showing that a 10-fold increase in
nuclease activity results in a 2-fold change in signal. LOD is typically
estimated using the 3 ¢ criterion and is defined as LOD = 3 ¢ of the signal
blank/sensitivity corresponding to a confidence level of 99.7% (Lavin
et al., 2018). Since there is no standardized method to define the LOD for
a negative signal sensor, we determined the LOD using the 3 ¢ criterion
and additionally evaluated the electrode zero-nuclease activity baseline
(purple curve in Fig. 4B). Thus, LOD = electrode zero-nuclease activity
baseline — 3 ¢ of the electrode zero signal baseline/sensitivity. The cal-
culations gave an LOD value of 3.47, which is equal to 3.4 x 1074 U
mL L. The lowest nuclease activity point in calibration (10~ *UmL Y is
lower than the calculated LOD; however, we emphasize that we present
the LOD based on a confidence level of 99.7% (3 ¢). For this reason, high
reliability can only be achieved when measuring in the range 3.4 x 10™*
to 3 x 1072 U mL™!. A detailed comparison between our developed
sensor and other relevant works is presented in SI, Table S1.

To demonstrate the practical application of the system, we built a
biosensor prototype system. The prototype was built around a custom-
ized PTFE electrochemical cell, which was integrated into a Peltier
element-based thermostatic cell system with a magnetic stirrer. The
electronic system was developed using an Arduino Due electronic set
linked with a laptop computer via a USB interface. The biosensor pro-
totype was tested under various nuclease concentrations and found to
give reproducible results (SI, 4. Biosensor prototype system).
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3.4. DNase activity determination in human saliva samples

To show that operation with biological fluids is possible we
measured nuclease activity in human saliva samples. The target oligo
was incubated with saliva samples and subsequently hybridized on the
sensor electrodes. The typical hybridization is presented in Fig. S5A. The
hybridization line shows that the target oligo after incubation with
saliva sample is capable of hybridizing but at a significantly lower rate;
for example, for sample 1, vi, is equal to 0.00432 pmol min . Using the
calibration curve (Equation (1)), the hybridization rates were converted
to DNase activity, and considering a sample dilution, the nuclease ac-
tivities were calculated to vary in the range of 6.5-10.6 U mL™!. Addi-
tionally, we used DNaseAlert™ to analyze the saliva samples. A
comparison of the results obtained with the Sensor and DNaseAlert™ is
presented in Fig. 5B. The results demonstrate that the sensor electrodes
give results that are comparable with an alternative method. It can be
observed that the logarithmic difference in nuclease activity between
the Sensor electrodes and DNaseAlert™ varies in the range of 1-18%.
The absolute difference in nuclease activity is presented in SI, Table S1
and varies in the range of 4-81%. The difference in nuclease activity
measurements between our method and DNaseAlert™ most likely risen
due to differences in the DNA substrate sequence resulting in somewhat
different affinities towards DNases.

4. Conclusions

In this paper, we report a new bioelectrochemical device — a rapid
and sensitive nuclease detection system consisting of a sensor electrode,
a custom-designed DNA oligonucleotide target to maximize the nuclease
cleavage rate, a signal analysis algorithm, and supporting electronics.
Our designed sensor electrode is prepared by immobilizing gold nano-
particles on a gold electrode after immobilization of the DNA probe with
the supporting layer (6-mercapto-1-hexanol) to form a specific DNA
surface with a high DNA surface coverage of 1.5 pmol (or calculated as
75 pmol cm 2 for a geometric electrode surface area). The sensor elec-
trode is capable of hybridizing a redox-labeled complementary DNA
with a high rate (up to 0.04 pmol min~!) and selectivity. We also
designed a custom DNA oligonucleotide for the detection and moni-
toring of DNase activity. The DNA oligonucleotide is composed of both
single- and double-stranded DNA to ensure the suitability of the oligo-
nucleotide for various types of nucleases and is additionally labeled with
atto methylene blue (atto-MB) for electrochemical detection. The hy-
bridization of DNA oligonucleotide with atto-MB was monitored and
fitted to a potential-current function to determine the rate of hybridi-
zation. The nuclease-treated DNA oligonucleotide was cleaved, thus
resulting in a lower rate of hybridization, and, in turn, lower develop-
ment of the signal. The designed biosensor enabled us to determine

DNase activity in the range of 3.4 x 107 to 3 x 1072 U mL™! with a
detection limit of 3.4 x 10~* U mL L. Furthermore, the sensor was tested
by measuring nuclease activity in human saliva samples and was found
to demonstrate high accuracy and reproducibility compared to the in-
dustry standard DNaseAlert™. Finally, the whole system was imple-
mented in the design of a prototype biosensor excluding the standard
laboratory equipment (e.g., cells, thermostats, potentiostats). The device
contained a custom polytetrafluoroethylene (PTFE) reaction cell, the
electronic part, and a program written in Python language for electro-
chemical signal analysis and data fitting.
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