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Abstract

An efficient platform for the detection of Salmonella enterica serovar Typhi (S. Typhi) is essential
for early-stage diagnosis of typhoid to prevent and contain outbreaks. Here, we fabricated an
electrochemical DNA biosensor for selective identification of S. Typhi in real samples. The
biosensor has been fabricated by immobilizing an amine labelled S. Typhi specific single-strand
capture probe on the surface of gold nanoparticles (AuNP) and poly cysteine (P-Cys) modified
screen-printed electrode. Differential pulse voltammetry (DPV) of anthraquinone-2-sulfonic acid
monohydrate sodium salt (AQMS) as a signal indicator was monitored to detect S. Typhi by
hybridization of target DNA with the probe DNA. The fabricated biosensor shows a detection
range of 1x10® to 1x1022 molL™? with a LOD of 6.8x10 molL™* in S. Typhi complementary
linear target and 1.8x10° to 1.8 CFUmI* with a LOD of 1 CFUmI in areal S. Typhi sample. The
biosensor shows excellent discrimination ability to some bases mismatched and different bacterial
cultures (same and distant genera). The most beneficial points of the proposed DNA biosensor are
the lower limit of detection and the ability to reuse the biosensor more than 6 to 7 times. In addition,
the practicability of the biosensor was investigated via detecting S. Typhi in blood, poultry feces,
egg, and milk whereby excellent recoveries ranging from 96.54 to 103.47% were demonstrated
indicating that this biosensor might be the most promising diagnostic tool for monitoring S. Typhi

in clinical and food samples.

Keywords: Typhoid; Biosensor; Salmonella Typhi; poly cysteine; DNA sensor; electrochemical

engineering.



1.0 Introduction

The global economy and human health are facing a noticeable threat due to foodborne diseases
caused by pathogenic bacteria [1-4]. Among them, the most common foodborne pathogen is
Salmonella which causes several symptoms and uncertain death. Salmonella is a gram-negative
rod-shaped bacteria from the Enterobacteriaceae family [5,6]. The World Health Organization
(WHO) certified that Salmonella is a member of four major global diarrheal pathogens which have
some resistant serotypes (WHO-2018). Salmonella bongori (S. bongori) and Salmonella enterica
(S. enterica) are the two main species having more than 2.5 thousand serotypes that all can cause
severe infections (vomiting, dehydrating diarrhea, gastroenteritis, and typhoid) [7-9].
Salmonella bacteria are classified according to the Kauffman-White classification scheme. The
identification of serotypes is based on either the “O” (somatic/cell wall) antigens which consist of
the lipopolysaccharide-protein chains exposed on the cell surface and “H” (flagellar) antigens. The
different antigens are numbered and each serotype is given an antigenic formula and classified into
a group.

The foodborne pathogen Salmonella enteric serovar Typhi (S. Typhi) is responsible for the life-
threatening illness typhoid [10] which has a high mortality and morbidity rate. For human
infections, poultry and poultry products are the prevalent food contamination-related sources of S.
Typhi [11]. Conventional testing methods (culture and Widal test) suffer a lot of limitations and
cannot detect the bacterium at the early stages of infection which is the major cause for higher
mortality and morbidity rates of typhoid disease. Currently, the gold standard for typhoid diagnosis
is the blood culture method but it takes several days for identification and the antibody-antigen-
based Widal test isn’t reliable due to the interference of some other fever-type diseases like

malaria, brucellosis, and hepatitis [12]. On the other hand, the advanced screening methods (PCR,



ELISA, southern hybridization, NGS) are highly expensive, sophisticated, and require experienced
personnel [13,14]. The identification of S. Typhi at an early stage is still challenging. Hence, it is
necessary to develop a new reliable detection method for the proper identification of S. Typhi for
accurate diagnosis as well as monitoring the quality of food and the environment. Recently,
molecular biotechnology and bioelectronics have enabled a promising technique (electrochemical
DNA biosensor) for selective and sensitive detection of various microorganisms of interest [15—
22]. Nucleic acid (DNA or RNA) hybridization-based electrochemical DNA biosensor provides
benefits of specificity[23], sensitivity[24], miniaturization[25], reusability[26], cost effectivity[27]
and compatibility to a micro-structure sensing assay compared to existing techniques [28]. In
electrochemical DNA biosensor, free electron or charge produce due to the biological interaction
of biorecognition element (such as sSDNA probe, Aptamer) and target (here S. Typhi) and causing
the electric current, potential, or other electrical characteristics of the solution to change. A
transducer can transform the biological signal into a detectable electrical signal proportional to the
target concentration, which can then be displayed on a computer[29]. To enhance the
electroanalytical performance of electrochemical DNA biosensors, various nanomaterials are used
to immobilize bio-receptors on the surface of the electrode for detecting specific targets [30].
Among them, gold nanoparticles (AuNPs) are widely used in biosensing applications for
enhancing the signal response, sensitivities, and immobilization activity of receptors on electrode
surfaces [31,32]. L-Cysteine (L-Cys) is an amino acid applied for modification of the electrode
surface. It contains a thiol group (-SH), amino group (-NH>), and a carboxylic group (-COOH), in
which the thiol group can strongly bond with metal (especially Au, Ag, Pt) and the carboxylic

group can bind with amine labelled DNA probes [33-35].



In this study, we proposed an electrochemical DNA-based biosensor for the identification of S.
Typhi in food and clinical samples by using DNA immobilized modified SPE. The electrode was
modified by using AuNP and P-Cys via an electropolymerization technique and characterized by
different voltammetric and morphological techniques. The sensor detects S. Typhi by using the
increased oxidation current response of AQMS. The proposed biosensor shows some exceptional
performance in terms of LOD, reusability, sensitivity, stability, and discrimination ability

compared to previously reported work (refs required here).

2.0 Experimental section

2.1 Chemical and Reagents

L-Cysteine, Gold (111) chloride (HAuCls), trisodium citrate were purchased from Aladdin reagent
Ltd. (China). The crosslinkers 1-Ethyl-3-(3-dimethyl aminopropyl)carbodiimide (EDC) and N-
hydroxysuccinimide (NHS) were bought from Sigma Aldrich (China). The different agars and
broth used for bacterial isolation and characterization (Muller Hinton agar, Mac Conkey agar,
xylose lysine deoxycholate (XLD) agar, Simmons’s Citrate Agar, Kligler Iron Agar, Selenite
cystine broth) were purchased from OXOID (UK). QuickExtract™ DNA Extraction Solution used
as the DNA extraction kit was purchased from Lucigen (USA). Phosphate buffer saline purchased
from Sigma Aldrich (China) was chosen as a supporting electrolytic solution for all runs. Ultrapure
water from Evoqua (Germany) of resistivity >18MQcm™ was used to make all solutions for this
experiment. Other reagents used in this research were the highest analytical grade of purity. The
oligonucleotide sequences (3’ to 5°) of the capture probe (StyR36-CP), linear target (StyR36-LT),
reporter probe (StyR36-RP), bases mismatches, and non-complementary linear target (NCLT) as

shown in Table S1 were purchased from Sangon Biotech (China).
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2.2 Instrumentation

Surface characterization of the different modified electrodes was investigated with ATR-FTIR
spectroscopy using a NICOLET iS20 and by SEM using a ZEISS Gemini SEM 500. CV, DPV,
and EIS were conducted by using a Metrohm DropSens pStat-i 400s. SPE (Metrohm, 110) of the

three-electrode system was used for electrochemical measurements.
2.3 Synthesis of AUNPs

To synthesize AuNP, a simple sodium citrate method was followed which was reported previously
[36]. In brief, 200ul of 3M HAuCI4 was added to 212 ml ultrapure water and boiled under reflux
conditions. When the solution reached boiling point, 12.5 ml of 10mg/ml trisodium citrate was
added to the solution and the solution was stirred vigorously for 30 minutes. Finally, the resulting

solution was cooled and filtered several times for removing impurities.
2.4 Fabrication of SPE/P-Cys@AuNP

Firstly, L-Cys of 1x10° molL™ was dispersed in a 10 ml PBS solution of pH 6.0 and stirred
continuously for 30 min. After that, 25 pl of the previously synthesized AuNPs were added to the
solution and a homogenous solution was prepared by continuously stirring for 10 min. The SPE
was immersed into the resulting solution and electropolymerized through the CV of 10 cycles from
a potential range of -0.8V to 2.0V at the rate of 100 mV/s[37]. After completing the
electropolymerization step, the resulting P-Cys and AuNP modified SPE (SPE/P-Cys@AuNP)

electrodes were rinsed with PBS and used for further modification.

2.4 Preparation of the biosensor



NHS of 5 x 1073molL™! and EDC of 2x 10~3molL~! were dispersed in water and stirred until a
homogenous solution was obtained. The SPE/P-Cys@AuNP was immersed in the resulting
solution for 1 hour to activate and stabilize the -COOH group of P-Cys. Here, the function of EDC
is to activate the -COOH group as a coupling agent and convert it into an amine-reactive ester to
bind the -NH> of the CP by using NHS [38]. Then, the crosslinked electrode was rinsed by using
ultrapure water and immersed into 0.01molL~! containing 5x 10~ molL™ of CP to immobilize
the amine active CP on the previously modified electrode. The non-immobilized CP was removed
by washing with PBS after overnight immobilization at 4°C. Bovine serum albumin (BSA) of 1%
was used to block unspecific sites of SPE/P-Cys@AuNP/CP by immersing the electrode in the
BSA for 1 hour. Then, the complementary linear targets (L T) were bound to the CP by dipping the
resulting CP immobilized electrode into PBS consisting of 1x 1073molL™! AQMS is a
hybridization redox indicator and different concentrations of complementary linear targets (L T) at
4°C. After completing 1-hour hybridization periods, the modified electrode was rinsed with PBS
and immersed into RP solution which contains 1x 10~® molL™! RP and 1x 10~3molL™! AQMS
in 0.01 molL~! PBS. Finally, the electrode was rinsed with PBS and stored at 4°C for further

application.
2.5 Extraction of ssDNA

One loop full of collected bacterial culture (the procedure mention in supplementary section 1)
was suspended into 500 pl of nano-pure water. It was centrifuged at 12,000 x g for 10 minutes.
The pellet was collected and 100 pl of both nuclease-free water and Lucigen DNA buffer were
added to the collected pellet. After vortex mixing, the DNA solution was heated at 65°C for 15
minutes. The DNA concentration was measured using a nanodrop spectrophotometer at 260nm. A

double-stranded DNA solution (5ng/mL) was taken and again heated at 100°C for 10 minutes. The
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resulting solution was immediately transferred into ice and kept for 3 to 4 minutes. The prepared
single-stranded DNA was hybridized at the electrode surface at 57°C for 1 hour in the presence of

0.1 molL"* AQMS. The detailed workflow is described in Fig. S1.
2.6 Procedure to detect S. Typhi

The DPV technique was adopted to detect S. Typhi complementary target DNA sequences in the
presence of 1 x 1073 molL™* AQMS in PBS at a potential range of -1V to 0V. Other DPV
conditions for detection of S. Typhi were pulse width 0.1s, pulse periods 0.5s, and amplitude 0.1V.
The peak current was calculated by comparing the peak current of AQMS from that of AQMS in
the presence of the S. Typhi target. A similar method was followed to calculate the limit of
detection (LOD) as previously reported. The step-by-step modification process to detect S. Typhi

is shown in scheme 1.
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Scheme-1: Systematic procedure for the fabrication of the electrochemical DNA biosensor and

detection of S. Typhi from real samples
2.7 Real sample preparation

To detect S. Typhi in the presence of spiked real samples of human blood, raw milk, egg, and
poultry feces, DPV measurements of S. Typhi target DNA in these spiked samples were recorded.
To prepare the fortified samples, S. Typhi of 2.1x10° CFUmI was mixed with 100 mg of sample
and 400 pl of normal saline. After vortexing, this prepared suspension of S. Typhi was added to
100 pl of each of the real samples. The single-stranded DNA was prepared according to the
protocol described previously (Section 2.5). For the real sample’s analysis, the isolation and

primary identification of S. Typhi are provided in Supplementary Section 2.

3.0Results and discussions



3.1 Preliminary study

3.1.1 Electropolymerization of P-Cys@AuNP on the surface of SPE

A CV method was adopted to electropolymerized P-Cys@AuNP on the surface of the SPE at a
potential range of -0.8V to 2.0V. Figure 1A illustrates the cyclic voltammogram of P-Cys@Au on
an electrode surface. Oxidation and reduction peaks were observed at the first cycle of deposition
and the peak’s current responses were enhanced as the number of cycles increased suggesting the
nanocomposite had been attached to the surface of the SPE [39]. The attachment of P-Cys@AuNP

was also validated by conducting an SEM image.
3.1.2 Surface characterization of SPE/P-Cys@AuNPs

To investigate the structural morphology of as-prepared AuNP and P-Cys@ AuNP on the electrode
surface, SEM and FTIR measurements were carried out. Figure 1B shows the FTIR spectrum of
L-Cys, AuNPs, and P-Cys@AUNPs, wherein the amino acid L-Cys shows peaks at 3470cm™,
2550cm™, 1580cmt, 1070cm™ for stretching O-H, S-H, C=0, and C-N respectively. As shown in
P-Cys@AUuNPs the weak stretching peak at 2550cm™ of the thiol group disappears due to the
formation of Au-S [40,41]. Figure 1C shows an SEM image of AuNP. The average diameter of
AUNPs is approximately 35nm. Figure 1D shows the SEM image of GCE/P-Cys@AuNP which

revealed the AUNP was decorated on the polymeric surface of P-Cys.
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Figure 1: A series of 10 consecutive cycles of cyclic voltammogram recorded between -0.8V to
2.0V at a scan rate of 100mV/s in the solution containing L-Cys@AuNPs in PBS (A), ATR-FTIR
spectroscopy of P-Cys, AuNP, and P-Cys@AuNP (B), SEM image of AuNP (C) and P-

Cys@AuNP (D).

3.2 Feasibility study of electrochemical detection of S. Typhi

To develop an electrochemical biosensor, it is important to study the kinetics, surface chemistry,

and optimized conditions of the electrode process. The well-known electrochemical methods CV
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and the EIS are effectively used to investigate the sequential modification of the electrode surface
for electrochemical measurement. In a CV method, typically, the signal pick of the CV increases
with the higher rate of electron transfer and decreases with the lower conductance. The size of the
semicircle of the EIS system indicates the charge transfer resistance (Rct) at the high-frequency
region in terms of Faraday current. The larger the diameter of the semicircle demonstrated the

higher Rct value and lower the electron transfer rate.

The feasibility of the designed electrochemical biosensor was investigated by using the CV method
in 0.1 M KCI including 5.0x10° M [Fe(CN)s]*’* solution for post-immobilization and
hybridization processes (Fig. 2A). The biosensor showed an excellent electrocatalytic response
within a neutral environment. AUNP modified SPE/P-Cys electrode (Fig. 2A(iii)) showed an
excellent electron transfer process in comparison with the bare SPE (Fig. 2A(i)) and SPE/P-Cys
electrode (Fig. 2A(ii)). These electrocatalytic phenomena demonstrated that the SPE/P-
Cys@AUNP modified electrode obtained the maximum electrochemical active surface area and
high electron transfer kinetics. The CP DNA was immobilized on the modified electrode surface
through non-covalent binding between the rings of the nucleobases and the P-Cys@AuNP
nanoplatforms. After immobilization of the CP a significant decrease in the self-redox signals was
observed (Fig. 2A(iv)). The loaded CP acted as a random coil, which confirmed the immobilization
on the sensor and prevented an effective electrode response [42]. The catalytic current decreased
significantly after BSA was loaded (Fig. 2A(Vv)) and partial hybridization with LT (Fig. 2A(vi))

and then complete hybridization with RP (Fig. 2A(vii)).

Electrochemical impedance spectroscopy (EIS) experiments were also performed to confirm the
feasibility of the fabricated biosensor with the synergy between different modified electrodes and

the results were fitted in Fig. 2B. In 5.0x10° mM [Fe(CN)s]*"* redox solution containing 0.1 M
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KCI, the EIS response of the bare electrode showed a small semicircle (Fig. 2B(i)), an indication
of good electron transfer rate. After loading the non-conductive P-Cys on the bare SPE surface
(Fig. 2B(ii)), the Rct value increased in comparison with the bare electrode. The non-conductive
P-Cys passivated the electrode surface and thus, blocked the electron transfer pathway. The value
of Rct decreased after incorporation of the AUNP with P-Cys on the SPE (Fig. 2B(iii)). The highly
conductive AuNP enhanced the electron transfer between the SPE surface and its corresponding
modified layers and positively influenced the electrochemical charge transfer phenomena. When
the CP was immobilized on the modified electrode surface (SPE/P-Cys@AuNP), a remarkable
change of EIS response with a comparatively large semicircle (Fig. 2B(iv)) was observed of high
Rct value of about 702Q. Subsequently, the surface of the modified SPE/P-Cys@AuNP/CP
electrode was covered more and hindered the electron transfer rate with a further increased
noticeable value of Rct after BSA was loaded (Fig. 2B(v)) and the ssDNA of LT (Fig. 2B(vi)) and
RP (Fig. 2B(vii)) were bound. When the amplified sequences are added to the electrode surface,
these are fitted to the loop region of the molecular switch, which increased the phosphate skeleton
on the electrode surface and decreased the electron transfer rate [43]. The EIS also confirmed that
the Rct value after incubation in LT and RP is changed to 997Q and 1090 Q respectively, higher

than that of incubation after CP.
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Figure 2: Cyclic voltammograms (A) and Nyquist plot of EIS (B) of the different electrodes
measured in 0.1 M KCI including 5.0x10° M [Fe(CN)g]*>”* : (i) bare SPE, (ii) SPE/P-Cys, (iii)
SPE/P-Cys@AUNP, (iv) SPE/P-Cys@AUNP/CP, (v) SPE/P-Cys@AUuNP/CP/BSA, (vi) SPE/P-
Cys@AUNP/CP/BSA/LT and (vii) SPE/P-Cys@AuNP/CP/BSA/LT/RP.(C) CV response obtained
for SPE/P-Cys@AUNP sensor different scan rates (from inner to outer): 10, 20, 30, 40, 50, 60, 70,
80, 90, 100, 150 and 200 mV/s in 0.1 M KCI including 5.0x103 M [Fe(CN)e]*”* and (D) the
corresponding calibration plots between different scan rates versus anodic(lpa) and cathodic peak

current(Ipc).
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The effect of scan rate on the current response of the SPE/P-Cys@AuNP sensor was confirmed by
a series of CVs analysis of the redox probe (5.0x10° M [Fe(CN)s]*’* containing 0.1 KCI) at
different scan rates of 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 150, 200 mV/s in the potential range
of -0.2V to 0.6V as shown in Fig. 2C. In addition, Fig. 2D depicts a linear relationship between
the scan rate and oxidation and reduction peak currents suggesting adsorption is controlled on the

surface of the modified electrode.

Furthermore, to explore the relationship between peak current of SPE/P-Cys@AuNP and scan
rates was also studied. A linear relationship between the scan rates and peak current values was
found with excellent correlation coefficients as shown in Fig. 2D, which suggests an absorption-
controlled process due to the mass transfer phenomenon at the interface of solution-electrode[44].
Figure 2C represents the CV of SPE/P-Cys@AuNP modified electrode toward S. Typhi detection
at different scan rates. Several parameters are measured for the optimization of the proposed

sensor. The full procedures are described in supplementary section 3.
3.3 Analytical performance of the biosensor

The electrochemical performance of the modified electrode was determined at a series of
concentrations of LT ssDNA using the well-defined DPV methods under the optimized conditions.
The SPE/P-Cys@AuNP/CP/BSA was used for electrochemical detections of different
concentrations of S. Typhi and the obtained voltammograms were recorded. As shown in Fig. 3A,
3B, and 3C, the oxidation peak current at around -0.55 V in DPV increased as the concentration
of S. Typhi increased from 1x102? molL™ to 1x10® molL™. Subsequently, a linear relationship

between DPV responses and the different concentrations of S. Typhi bacteria was studied.
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The increasing oxidation currents between pre-and post-hybridization were considered as the
measurement signal. The results confirmed that the oxidation peak current is linearly fitted with
the logarithm of the concentration of S. Typhi gene target sequence within 1x102?to 1x10° molL-
1 (R? = 0.998). The calibration curve exhibits two significant linear segments in the range from
1x100t0 1x10° molL (R? = 0.9918) (Fig. 3B), and 1x10? to 1x10"° molL* (R? = 0.9921) (Fig.

3C), with a detection limit (S/N = 3) of 6.8x10%° molL™.
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Figure 3: DPV response curve of SPE/P-Cys@AuNP/CP/BSA after hybridization with 1x107* to
1x10° molL"! linear target ssDNA in 0.01molL"' phosphate buffer containing 1x107* molL!
AQMS at a scan rate of 100 mVs™! (A), the corresponding calibration curves of peak currents vs
logarithm of linear target sSSDNA concentrations (B, C); DPV response to different concentration
of S. Typhi in real samples (D) DPV for 1x10 molL"' AQMS and (E) calibration plot of DPV
response.

The analytical performance of the DNA biosensor was also validated by DPV analysis of S. Typhi
isolates which were collected from poultry feces. Detailed procedures for sample collection and
identification are discussed in the supplementary information in sections 1-3). Figure 3D illustrates
the DPV response of S. Typhi ssDNA ranging from 1.8 to 1.8x10° CFUmI* and Fig. 3E shows a
linearly fitted logarithm of the concentration of S. Typhi in the following range with a LOD of 1
CFUmI™,

Therefore, the designed electrochemical biosensor showed a highly sensitive detection system of
S. Typhi bacteria with a wide linear response range and a 6.8x1072° molL™* detection limit. High
sensitivity is important as the bacterial load in the blood of acute typhoid is low, with an average
of <1 CFU/mL of blood which is maximal during the first week of illness. Meanwhile, owing to
the target replacement, the biosensor provided a wide detection range. Moreover, the analytical
findings of these electrochemical measurements were compared with DNA biosensors for
detection of different Salmonella spp. reported in the last few years [28,45-49] as presented in

Table 1.
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Table 1: Performance comparisons of various electrochemical DNA biosensors reported in the

literature for detection of Salmonella spp.

Electrodes Target Dynamic ranges LOD LOD References
bacteria (molL?) (molL?)  (CFU/ml)
ITO/GO-CHI S. Typhi 5.0x108-1.0x10* 1.0x101 [28]
SPE/MPTS-AuUNPs S. Typhi 5.0x10®8-1.0x101° 5.0x101! [45]
GCE/GO/GNPs Salmonella - - 3.0 [46]
ITO/GNASs S. Typhi 2.4x10 - 4,0x1018  4,0x1018 - [47]
AU/Cys/Glu S. Typhi - 1.91 - [48]
pug/ml
GCE/AU/NPG S. - - 1.0 [49]
Typhimurium

SPE/P- S. Typhi 1x10%-1x101°  6.8x102° 1.0 The present

Cys@AuUNPs 1x1010_ 1x10% work

3.4 Selectivity, Stability, reproducibility, and regeneration of the biosensor

To approve the DNA biosensor as a diagnostic tool for detecting S. Typhi, an investigation of

selectivity to the target of the electrochemical DNA biosensor is very important. For this study,

DPV of different base mismatches, different targets sSSDNA, and different positive and negative

controls (Salmonella Typhimurium (S. Typhimurium, ATCC 19585), Escherichia coli O157(E.

coli), S. Typhi, Shigella sonnei (S. sonnei, ATCC 10908), Salmonella cotham (S. cotham) were

recorded. Figure 4A compares the value of peak intensity of 1x10°% molL? of different mismatch
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sSDNA sequences. As expected, the current response decreased with an increasing number of base
mismatches and the current response value of non-complementary targets illustrates a similar
current response as the background noise. Figure 4B represents the DPV response of 50ng/ul
similar and distant genera of S. Typhi. The experiment reveals the current response of S. Typhi
DNA is the largest whilst the other Salmonella spp. exhibit a much lower current response closer
to the current response of the control. Due to some similarities in base sequence between S.
Typhimurium and S. Cotham and S. Typhi, a higher current response is shown for these bacterial
species than E. coli and S. sonnei[50]. So, the result of this study reveals the biosensor can detect

S. Typhi with relatively high selectivity.

The stability of the DNA biosensor is the most important parameter to validify the practical
application in real-time for bacteria detection. To access the stability of the biosensor, a set of
GCE/P-Cys@Au/CP/BSA electrodes were stored at 4°C, and DPV of S. Typhi ssDNA sequence
was recorded after binding with RP every 7 days over 8 weeks. Figure 4C illustrates how the
stability changes with storage which revealed the biosensor remained stable from 0 to 5 weeks
with a minimal change in the stability observed up until week 7., However, a dramatic change was
found after 8 weeks of storage dropping instability to 90 % which is quite similar to the previously

reported biosensors for detecting S. Typhi [28,47].
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Figure 4: Current response of different target sSDNA (A) and different pathogenic bacteria (B);

stability profile of SPE/P-Cys@AuNP/CP/BSA after storage periods (weeks) at 4°C (C) and

regeneration analysis of the DNA biosensor by using 0.1 molL*NaOH (D).

The reproducibility of the DNA biosensor was evaluated by taking a series of DPV measurements

of target sequences of the same concentration by using the modified electrode under certain

optimized conditions. The relative standard deviation (RSD) was determined by using five

repetitive DPV measurements. The calculated RSD value is 1.08% indicating that the DNA

biosensor exhibits better consistency in the detection of S. Typhi than the previously reported work

[47].
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The regeneration of the proposed biosensor was determined by treating the hybridized electrode
for 5 min with 0.1 molL™* NaOH to break the hybridized DNA duplex and rebind 1x10® molL*
LT. Then, DPV measurements of the electrode were recorded in the presence of AQMS in PBS
which is shown in Fig. 4D. The current response declined with the number of times of regeneration
due to a breaking of the bonding between the crosslinker and CP during NaOH treatment. This
biosensor response of 6 to 7 repetitive assembly and disassembly cycles was similar to previously

reported work [45,47].
3.5 Application of the electrochemical DNA biosensor in the detection of real samples

To demonstrate the electrochemical DNA biosensor as an effective tool for monitoring S. Typhi
in food and poultry industries, a recovery test in the spiked sample (blood, poultry faeces, egg, and
milk) was conducted in the presence of 2.1x10° CFUmI™? containing 1x10° molL™* AQMS. The
electrochemical biosensor exhibited excellent recoveries ranging from 96.54% to 103.47% (Table
S3) which indicates the impurities of the spiked sample didn’t create any significant disturbance

in the detection of S. Typhi.

4.0Conclusion

In summary, a novel electrochemical DNA biosensor was fabricated to measure the quantity of S.
Typhi by using the increased peak current response of a signal indicator AQMS. The SPE was
modified by a composite of P-Cys and AuNP which was confirmed by SEM and ATR-FTIR and
thereafter immobilized with different detection probes. The feasibility of the DNA biosensor was
investigated by CV, EIS, and monitoring the S. Typhi concentration-dependent DPV response. To
attain the best analytical performance of the biosensor, different parameters were optimized. The

biosensor demonstrated a wide range of detection and relatively high selectivity to detect S. Typhi
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compared to dissimilar sequences and other bacteria. The recovery test of the DNA biosensor in
the spiked sample revealed that the developed biosensor has the potential to be highly suitable for
this application and can be illustrated as a model methodology for the determination of other
pathogens. Considering the current biosensor’s performance shown in selectivity, stability,
reusability, reproducibility, and LOD, the use of the proposed strategy to measure S. Typhi is most
ingenious. Therefore, this designed biosensing platform illustrates the opportunity to bring a
revolution in the diagnosis of typhoid and screening of S. Typhi from real samples. However, a
full intra and inter-laboratory validation of the performance parameters compared to the current
state-of-the-art analytical methods with the inclusion of different Salmonella spp. including
different serotypes of S. Typhi and varying concentrations of other bacterium as blind samples

would be the next stage to prove this sensor model truly fit for purpose.
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Highlights

The newest electrochemical DNA biosensor for Salmonella Typhi detection
was presented.

The sensor fabricated by immobilizing an amine labelled S. Typhi specific
single-strand capture probe

The biosensor shows a detection range of 1x10° to 1x1022 molL* witha LOD
of 6.8x10% molL™*

The ability to reuse the biosensor more than 6 to 7 times was observed

The fabricated biosensor found useful for selective identification of S. Typhi
in real samples
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