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Statistics show that food poisoning caused by Salmonella typhimurium (S. Typhimurium) often tops the list of
bacterial food poisoning types in countries around the world. However, detecting traces of S. Typhimurium in real
samples remains challenging. In recent years, primer exchange reaction (PER), a new isothermal amplification
strategy, has rapidly attracted the attention of researchers in the field of biosensing. In this work, We developed a
nanostructure called DNA arch bridge (DAB) and combined the DAB with cascade PER technology to construct a
novel bidirectional PER (B-PER) for ultra-sensitive detection of pathogenic bacteria as a novel fluorescent
biosensor. This strategy relies on the B-PER reaction mediated by binding of the target and adaptor, which occurs
with the assistance of Klenow Fragment (KF) (3'-5'ex0) polymerase and produces a good deal of G-quadruplex
sequences that generate a fluorescent signal by embedding fluorescent dyes. Under the best conditions, the
biosensor achieves ultrasensitive detection of S. Typhimurium, and the detection limit of the strategy is 9.3 cfu
mL! over the linear detection scope of 10'-10° cfu mL~!. The method has the merits of facile operation, rapid
response, and high sensitivity. Furthermore, the biosensor is expected to achieve ultrasensitive detection of
various small molecules through recognizing different target and primer sequences. Therefore, our proposed
strategy provides an efficient, stable, universal, and practical sensing platform for pathogen and other small
molecules detection.

1. Introduction

Pathogenic infection is a major threat to public health because it
causes many costly outbreaks around the world every year [1]. Based on
the World Health Organization (WHO), foodborne pathogens cause
approximately 600 million illnesses and 420,000 deaths annually [2].
Salmonella typhimurium (S. Typhimurium) is the main cause of bacterial
foodborne illness in humans of animal origin. Poultry and swine prod-
ucts are considered the primary carriers of pathogenic S. Typhimurium,
but the pathogen can be found in meat, eggs, milk, cheese, vegetables,
and ready-to-eat products, including nuts and seeds [3-5]. Therefore,
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rapid, sensitive, specific, and pathogenic cross-validation detection is of
vital importance for disease prevention and control of human health [6].

Plate counting is the “gold standard” for bacteria detection within
4-5 days worldwide, including complex pre-enrichment, selective
enrichment, separation, and biochemical identification [7]. In recent
years, the commonly used detection methods of S. Typhimurium include
bacterial culture [8], ELISA [9], polymerase chain reaction (PCR) [10],
surface-enhanced Raman scattering (SERS) [11], and graphene elec-
trochemical immunosensor [12], etc. Nevertheless, these methods usu-
ally have some disadvantages, including time-consuming experimental
operation, sophisticated and expensive equipment, and the need for

Received 4 May 2022; Received in revised form 13 July 2022; Accepted 7 August 2022

Available online 13 August 2022
0039-9140/© 2022 Elsevier B.V. All rights reserved.


mailto:stu_lius@ujn.edu.cn
www.sciencedirect.com/science/journal/00399140
https://www.elsevier.com/locate/talanta
https://doi.org/10.1016/j.talanta.2022.123833
https://doi.org/10.1016/j.talanta.2022.123833
https://doi.org/10.1016/j.talanta.2022.123833
http://crossmark.crossref.org/dialog/?doi=10.1016/j.talanta.2022.123833&domain=pdf

Q. Lietal

well-trained technicians. Hence, there is in dire need to exploit
low-budget, simple, high sensitivity, and high specificity detection
methods for pathogenic bacteria.

In this context, various colorimetric methods [13], electro-
chemiluminescence [14,15], and fluorescence [16,17] have been
applied to the detection of foodborne pathogens. To improve the
sensitivity of the detection, a variety of amplification strategies have
been developed, including rolling circle amplification (RCA) [18-20],
hybridization chain reaction (HCR) [21-23], catalytic hairpin assembly
(CHA) [24-26], primer exchange reaction (PER) [27,28], etc. Among
amplification strategies mentioned above, PER is an emerging
isothermal amplification strategy, which was first proposed by Yin’s
research group and has attracted extensive attention in biosensors and
bioimaging [29]. Autonomously synthesized ssDNA can be voluntarily
detached from the PER hairpin, making it free and reacting with another
primer to start the next cycle of ssDNA synthesis [30]. For instance, Li
et al. designed an electrochemical platform and used PER as a signal
amplification method for detecting exosomal miRNA [31]. Zhou et al.
achieved the detection of kanamycin trace based on synchronous signal
amplification of PER and metal-dependent DNAzyme [32]. In addition,
PER was also used in bioimaging applications. For example, Kishi et al.
combined with PER amplification strategy to achieve multiple amplifi-
cation imaging of RNA and DNA in cells and tissues [33]. Saka et al.
intelligently utilized PER strategy to achieve highly reusable and
amplified protein imaging in tissues [34]. Compared with RCA, HCR,
CHA, etc., PER only needs a hairpin and a primer to perform specific and
rapid signal amplification. Considering these advantages, the construc-
tion of a biosensor for pathogenic bacteria detection based on PER
strategy is worthy of further research.

Herein, we developed a nanostructure called DNA arch bridge (DAB)
and combined the DAB with cascade PER technology to construct a
novel bidirectional PER (B-PER) for ultra-sensitive detection of patho-
genic bacteria as a novel fluorescent biosensor. Our strategy has several
important features. First, in our design, the trigger strand T is enclosed
by the S. Typhimurium aptamer, and the target can bind to its nucleic
acid aptamer sequence when the target is present, releasing the T strand.
Secondly, We focused on designing a “bridge-like” nanostructure DAB,
where the trigger strand T can first grow a new primer sequence T along
the right end b part of the DAB using the 3'-5' extension property of KF
polymerase and detach it from H autonomously, Ty then binds to the left
a portion of DAB and triggers the autonomous synthesis of many human
telomerase sequences TTAGGG, which repeats to form G-quadruplexes.
Finally, thioflavin T (ThT) dye was embedded in G-quadruplex se-
quences to produce a strong fluorescence signal. In this scheme, the
aptamer sequence in the arched probe designed can efficiently recognize
the target, thus releasing a large number of trigger chains, and we can
also replace the S. Typhimurium aptamer by changing the corresponding
aptamer to recognize the target as a general-purpose biosensor. At the
same time, we have designed and implemented the use of DAB nano-
structure to achieve the amplification of the target object, which im-
proves the stability and detection efficiency of the strategy. Therefore,
the biosensor is capable of achieving trace detection of S. Typhimurium
and can also provide a stable, versatile, and efficient biosensing platform
for trace molecules in bioanalysis.

2. Experimental section
2.1. Materials and reagents

All DNA fragments shown in Table 1 were purified by HPLC and
synthesized by Sangon Biotechnology. Co. Ltd. (Shanghai, China). S1
and S2 form the DNA arch bridge. S. Typhimurium (KCTC 1925),
Escherichia coli (KCTC 2571), Listeria (KCTC 3569) and Bacillus subtilis
(KCTC 1028) were provided from the Institute of Microbiology Chinese
Academy (Beijing, China). Peptone, beef extract power, bacto-yeast
extract and bacto-tryptone were purchased from Qingdao Biological
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Table 1
DNA oligonucleotides sequences were used in this work.

Oligonucleotide
name

Sequence (5’ to 3') description

Aptamer (Apt) AGTAA TGCCC GGTAG TTATT CAAAG ATGAG TAGGA

AAAGA

Trigger (T) TCTTTTCCAAAACGGGCATTACT

S1 TTAGGGCCCGGTTTTTTGGGGGCCCTAACCAGTAATGC-
inverted dT

S2 GGTTAGGGCCCCCTTTTTTCCGGGCCCTAACCCTAACC-
inverted dT

Technology. Co. Ltd (Qingdao, China).

Klenow Fragment (KF) (3'-5’ex0), deoxynucleotides (dATP, dTTP
and dGTP) were purchased from New England Biolabs, Inc. The thio-
flavin T (ThT) was obtained from Sigma-Aldrich Company (Beijing,
China). 10 x TBE buffer, DNA Marker, and GelRed were purchased from
thermos fisher Co., Ltd. (Beijing, China). N, N, N'N’-tetramethylene
diamine (TEMED), ammonium persulfate (AP), and 30% acrylamide
solution (29:1) were purchased from Sangon Biotechnology Co., Ltd.
(Shanghai, China). All reagents were of analytical grade and used
without further purification. Ultrapure water obtained from a Millipore
Milli-Q water purification system was used throughout.

2.2. Apparatus

Fluorescence spectra by Agilent Cary Eclipse Spectrophotometer
(Agilent, USA) at 425 nm excitation. The excitation and emission slits
were set to 5 nm. The fluorescence curve was measured within the scope
of 450 nm-600 nm. Polypropylene gel electrophoresis (PAGE) was first
performed with the DYCZ-24DN electrophoresis apparatus (LIUYI, Bei-
jing, China), followed by 2 x Gel Red, WD-9405F decolorization Shaker
(LIUYI, Beijing, China) shake staining was finally done with Bio-Rad gel
imaging system (Bio-Rad, USA).

2.3. Cultivation of strains

All pathogenic strains were incubated in the Luria-Bertani medium at
37 °C for 12 h. The bacterial cells were washed twice with phosphate-
buffered saline (PBS, 10 mM, pH 7.4) using a centrifuge at 3000 rpm
for 5 min to obtain a logarithmic growth phase. The precipitate was then
re-suspended in PBS solution to get the homogeneous suspension of
cells. Finally, quantification of bacterial culture results by measuring
absorbance at 600 nm.

2.4. Procedures for S. Typhimurium detection

All samples used for S. Typhimurium detection were prepared in NEB
buffer 2 reaction buffer (10 mM MgCly, 1 mM DTT, 50 mM NaCl, 10 mM
Tris-HCl, pH = 7.9). The specific process was as follows: Apt-T arched
probe and DAB were prepared by the annealing method. Apt (100 pM)
and T (100 pM) of the same volume were fully mixed and cultured at
95 °C for 5 min, cooled to room temperature, and stored at —20 °C for
backup. S1 (3 pL, 100 pM) and S2 (3 pL, 100 pM) and NEB buffer 2 (3
pL,10 x ) were added in 21 pL ultrapure water. The mixture was heated
to 95 °C and kept this temperature for 5 min, cooled to room tempera-
ture, and stored at —20 °C for backup. Afterwards, Apt-T arched probe
(7.5 pL, 40 pM), DAB (3 pL, 10 pM), Klenow Fragment (3'-5'exo0) (3 pL,
5000 U/mL), 10 mM dNTPs (10 mM each of dGTP, dTTP, dATP) and ThT
(4.5 pL, 100 pM) were taken and reacted at 37 °C for 2h. In the end, the
(30 pL) reaction solution was mixed with 70 pL ultrapure water and
scanned by an Agilent Cary Eclipse fluorescence spectrometer. All ex-
periments on S. Typhimurium measurements were repeated three times
in the absence of special instructions.
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2.5. PAGE experiment

B-PER amplification products were characterized by 12% PAGE. In
the page assay, DNA samples were mixed with DNA loading buffer
(volume ratio: 5:1) and subjected to PAGE at 120 V for 70 min in 1 x
TBE buffer (pH 8.0). The gel was then stained in 1 x GelRed solution for
30 min, followed by fluorescence detection using the Bio-Rod Gel im-
aging system.

3. Results and discussion

3.1. Principle of detection of foodborne pathogens based on B-PER sensing
strategy

The principle of ultra-sensitive and highly specific fluorescence
sensing strategy triggered by the B-PER amplification principle for the
detection of foodborne pathogens in Scheme 1. S. Typhimurium was
selected as the model analyte. The biosensing system includes an arched
probe for targeting S. Typhimurium consisting of an aptamer and a
trigger (T) of S. Typhimurium, the DAB for the B-PER amplification
response, and KF polymerase, and thioflavin T (ThT). There are four
main processes. First, when S. Typhimurium was present, specific
recognition of the aptamer results in the release of the T chain, and the
released T chain can participate in subsequent reactions as a primer
chain. Secondly, the released T chain was hybridized with the b portion
of the right end of DAB, and simultaneously acted as a primer. When KF
polymerase and dNTPs were present, a primer exchange reaction
occurred and amplification was terminated at the stop site, thus
releasing a new trigger chain (Ty), and DAB was recycled. It is worth
noting that we designed the stop site to be controlled using three nu-
cleotides dATP, dGTP, dTTP, which stop amplification due to the lack of
cytosine (C) when amplifying to guanine (G) of the template, while the
3’ ends of DAB were modified with inverted-dT to prevent its amplifi-
cation. Furthermore, the released Ty chain can hybridize with the
portion of the left end of DAB and act as a primer to undergo primers
exchange reactions, thereby growing G-quadruplex motifs formed by
repeats of the human telomerase sequence TTAGGG, and DAB was

Apt B 1 a b
Arched probe
A

f S. Typhimurium

KF polymerase
® Stop site

Inverted dT

-
Thioflavin T l
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recycled. In the end, these G-quadruplex sequences and the organic
thioflavin T (ThT) dye interact with each other to produce significantly
enhanced fluorescence. Therefore, the amplification strategy based on
B-PER has great potential to provide a fast, easy-to-operate, ultrasensi-
tive detection tool for S. Typhimurium.

3.2. Feasibility analysis of the constructed biosensor

We verified the feasibility of a B-PER reaction-based biosensor to
detect S. Typhimurium through a battery of control experiments, the
results are placed in Fig. 1. After the addition of S. Typhimurium, there
was a clearly intense peak at 485 nm, attesting that the fluorescent dye
ThT binds to a mass of G-quadruplexes (curve a). By comparison, we
found negligible peaks in blank samples, indicating that almost no G-
quadruplex were produced (curve b). These data suggest that
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Fig. 1. Fluorescence emission spectrum response of biosensor in the presence
of 1 x 10° cfumL™' S. Typhimurium (a). Curves b to f were used for controlled
trials in the absence of S. Typhimurium (b), KF (c), dNTP (d), and non-target
pathogenic bacteria E. coli in place of S. Typhimurium (e).

ab ab
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Scheme 1. Schematic diagram of B-PER cascades-based DNA machine for S. Typhimurium detection.
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S. Typhimurium is capable of specific recognition with the aptamer and
initiates the B-PER reaction mediated by KF polymerase, followed by the
release of a distinct fluorescence upon ThT fuel embedding. In the
absence of KF polymerase in the system, we see a feeble signal similar to
that of the blank sample, indicating that the B-PER amplification was
assisted by KF polymerase activation (curve c). When no dNTP was
present, a weak signal was obtained after incubating with
S. Typhimurium, indicating that ANTP is essential in the formation of the
G-quadruplex sequences (curve d). In addition, when the non-target
pathogen E. coli replaced S. Typhimurium, a quite feeble fluorescence
signal was observed, demonstrating that the specific interaction of the
target bacteria with the aptamer triggered a significantly enhanced
fluorescent signal (curve e). To sum up, the constructed sensor strategy
can be used for quantitative analysis of S. Typhimurium.

3.3. Gel electrophoresis characterization of fluorescence sensing strategy
based on B-PER

Gel electrophoresis analysis can more intuitively observe the reac-
tion mechanism of the biosensor, the results are displayed in Fig. 2. Lane
M was a DNA marker of different molecular weights. We verified the
specific binding of the target to aptamer shown in Fig. 2A, where lane 1
represents the arched probe prepared by the S. Typhimurium aptamer
and trigger chain T, Lane 2 was the result of incubation of the arched
probe with the target S. Typhimurium, and a significant decrease in the
brightness of the bands at the location of the arched probe indicates that
S. Typhimurium and its aptamer bind with the expected specificity. As
shown in Fig. 2B, lanes 1, 2 were the bands corresponding to the arched
probe and DAB respectively. When S. Typhimurium and arched probe
were incubated with DAB, KF polymerase, and dNTPs, a clear pathway
band (lane 3) appeared on the image, indicating the occurrence of B-PER
reaction and the production of a large number of B-PER products with G-
quadruplex sequences. In contrast to the absence of a pathway (lane 4)
in the arched probe and DAB in blank samples, these data demonstrate
that the aptamer in the arched probe specifically binds to S. Typhimurium
and releases the triggering chain T to trigger the subsequent B-PER
response. Lane 5 and 6 were lack of KF polymerase and dNTPs reaction
system, we can observe, lanes 5, 6 and blank sample results, indicating
the adapter body target-specific binding of T chain after the release
because KF polymerase and under the mutual combination of dNTPs B-
PER reaction can proceed smoothly, the lack of anyone among them, the
work won’t completed. The formation of DAB as an important

2A M 1 2 2BM | 2
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constituent step and component was further verified by electrophoresis.
As shown in Fig. 2C, Lanes 1 and 2 were the S1 and S2 chains respec-
tively, and lane 3 was the DAB structure. We can see that the S1 and S2
chains can be well hybridised, suggesting that instead of forming a
hairpin structure, S1 and S2 form a DAB structure. This suggests that the
whole B-PER process is triggered by the DAB structure.

3.4. Optimization of experimental conditions

To obtain the optimal analytical capability of the B-PER based
biosensor for ultra-sensitive detection of S. Typhimurium, the reaction
time of B-PER reaction, the concentration of KF polymerase, the con-
centration of arched probe, and the concentration of ThT were studied
(Fig. 3). In general, the reaction time was critical to the efficiency of the
sensing strategy of B-PER reaction. Therefore, the reaction time was
optimized based on the fluorescence intensity of 1 x 10° cfu mL™. We
investigated the change of fluorescence intensity at 485 nm with reac-
tion time (Fig. 3A). The results indicated that the fluorescence intensity
of positive samples enhance gradually as time flew, and reached a
maximum value at 2h, while the extension of reaction time did not
change this value significantly, and the blank samples hardly changed.
Therefore, the reaction time of 2h was the best in subsequent experi-
ments. In addition, the ThT concentration of fluorescent dye also has a
great influence on fluorescence intensity. We also investigated the
variation of fluorescence intensity with ThT concentration in the reac-
tion system, and the result is shown in Fig. 3B. The fluorescence intensity
of positive samples increased with increasing ThT concentration and
reached balance at a concentration of 15 pM, while the sample intensity
of blank samples remained unchanged (Fig. 3B). Thus, we chose 15 pM
as the optimal ThT concentration. In addition, specific binding of the
aptamer in the arched probe and the target to release the T chain was
required to trigger the subsequent reaction, and KF polymerase in the
reaction is crucial, so detecting the presence of 1 x 10° cfu mL™! of
S. Typhimurium (F - Fy)/F value to study the arched probe concentration
and the concentration of the KF polymerase, the results are shown in fig
C and D. The (F-F()/Fy value gradually increased increasing arched
probe concentration and barely changed at 10 pM (Fig. 3C), so 10 pM
was used for the arched probe concentration in subsequent studies.
Similarly, the optimized KF polymerase concentration of 0.5 U/pL can
be seen in Fig. 3D.

4 5

6 2c M 1 2 3

Fig. 2. Gel electrophoresis image of B-PER reaction. Fig. 2A: Lane M, DNA marker; Lane 1, arched probe; Lane 2, arched probe incubated with S. Typhimurium;
Fig. 2B: Lane M, DNA marker; Lanel, arched probe; lane 2, DAB; Lane 3, positive sample; Lane 4, blank sample; Lane 5, S. Typhimurium incubated with Arched probe,
DAB and dNTPs; Lane 6, Arched probe incubated with H and KF polymerase; Fig. 2C: Lane M, DNA marker; Lanel, S1; Lane 2, S2; lane 3, DAB.
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Fig. 3. The optimization of the experimental condi-
tions. (A) The effect of reaction time on fluorescence
intensity at 485 nm for the positive samples (blue
column) and blank samples (red column); (B) The
effect of ThT concentration on fluorescence intensity
at 485 nm for the positive samples (blue column) and
blank samples (red column); (C) The effect of the
concentration of arch probe on the (F-F(/F) value, F
and F represent the fluorescence intensity at 485 nm
in the presence and absence of 1 x 10° cfu mL™! S.
Typhimurium, respectively; (D) The effect of KF poly-
merase concentration on the (F-Fy)/F, value. (For
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3.5. Analytical performance of S. Typhimurium detection

The detection performance of the constructed biosensor for different
concentrations of S. Typhimurium was studied by fluorescence spec-
trometry under optimal conditions. As can be observed from Fig. 4A, the
fluorescence intensity at 485 nm at S. Typhimurium concentration from
0to 1 x 10° cfu mL™! increased significantly with increasing concen-
trations of S. Typhimurium. The logarithm of S. Typhimurium concen-
tration showed a good linear relationship with fluorescence intensity
within the scope of 10" cfu mL™'-1.0 x 10° cfu mL™! in Fig. 4B. The
linear regression equation was F = —18.630 + 187.7371gC with a cor-
relation coefficient is 0.996. The limit of detection (LOD) for
S. Typhimurium was calculated to be 9.3 cfu mL™! based on a 3-fold
standard deviation rule for the blank response. In addition, we
compared this strategy with some existing methods for the quantitative
analysis of S. Typhimurium. As Table 2 shows, compared with the above
methods, the detection limit and detection range of our biosensor are
improved to some extent. The ultra-high sensitivity can be attributed to
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our constructed biosensor based on DAB nanostructures with a B-PER
amplification strategy, therefore, our biosensor is feasible.

3.6. Detection specificity

The specificity of constructed sensing strategy was a very important
parameter when applied in practice to complex samples. The specificity
of the biosensor was verified by the analysis of target S. Typhimurium and
several non-target foodborne pathogens such as E. coli, Listeria and Ba-
cillus. In Fig. 5, as expected, there was a strong fluorescence signal only
present when S. Typhimurium is contained, while the fluorescence
response to several non-target bacteria was almost identical to that of
the blank sample. Experimental results clearly confirmed that the con-
structed biosensor has outstanding specificity for S. Typhimurium
detection.
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Fluorescence Intensity (a

Fig. 4. (A) Response of fluorescence spectra to different concentrations of S. Typhimurium (from curves a to j: 0, 10, 50, 1.0 x 10%,5.0 x 10%,1.0 x 10%,5.0 x 103, 1
x 10% 5 x 10%, 1.0 x 10° cfu mL™Y). (B) Calibration curves of fluorescence intensity at 485 nm for different S. Typhimurium concentrations. Inset is the log of the
fluorescence intensity at 485 nm against the concentration of S. Typhimurium. The error line shows the standard deviation of three repeated experiments.
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Table 2
Comparison of different methods for pathogenic bacteria detection.
Methods Detection range  Detection limit Detection Ref.
(cfu/mL) (cfu/mL) time
Electrochemical 3.0 x 10>-3.0 100 20 min [35]
assay x 107
Fluorescence assay 4.6 x 10°-4.6 82 3h 50min [36]
x 107
Microfluidic 10%107 63 1.5h [371
biosensor
P-CLISA 5.1 x 10°-1.2 3.36 x 10° 6-8h [38]
x 108
Colorimetric 10'-10* 11 25h [39]
detection
Impendence 101-10° 10 2h [40]
biosensor
Potentiometric 10%-10° 20 1h [41]
sensor
Fluorescence assay ~ 10'-10° 9.33 2h This
work
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Fig. 5. Fluorescence intensity at 485 nm obtained for the biosensor in the assay
of different pathogens. The concentration of S. Typhimurium was 1.0 x 10° cfu
mL~L. The concentration of non-target bacteria was 1.0 x 10° cfu mL™!. The
error bar is the standard deviation of three repeated experiments.

3.7. Application of biosensors in actual samples

We confirmed the practicality of the constructed biosensor by
quantifying S. Typhimurium in real samples with the spiked method.
Different concentrations of S. Typhimurium were added to milk samples
and determined directly without any pretreatment except for dilution
with buffer. As shown in Table 3, the difference between the data ob-
tained by this method and the plate counting method is less, and the
differences are less than 5.1%. In addition, the recoveries of milk sam-
ples ranged from 99.9% to 107.6%. This clearly proved that our pro-
posed method can be applied to actual sample detection with accuracy
and high specificity.

4. Conclusion

In this present study, we constructed a DAB nanostructure, which is a
new nanostructure proposed by us. We developed a novel target-
triggered B-PER based amplification optical biosensor for ultrasensi-
tive detection of S. Typhimurium using DAB nanostructure. Ultra-
sensitive detection of S. Typhimurium in samples by specific recogni-
tion of the target and adapter, triggering reusable DAB nanostructure for
B-PER reactions. The biosensor has a detection limit of 9.3 for
S. Typhimurium and a detection range of 4 orders of magnitude, which is
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Table 3
Application of the biosensor in actual samples and comparison with plate
counting method.

Spiked amount Found amount (cfu/mL) Recovery (%)

(cfu/mL) (£SD, n = 5)

Our biosensor Plate count Our Plate count
method biosensor method

1x 10 (1.011 + (0.960 + 101.1 96.1
0.046) x 10 0.045) x 10

1 x 10% (1.001 + (0.995 + 100.1 99.4
0.006) x 10? 0.004) x 107

1x10°% (1.003 + (0.994 + 100.2 99.5
0.015) x 10° 0.011) x 10°

1 x 10* (0.999 + (1.004 + 99.9 100.4
0.002) x 10* 0.004) x 10*

1x10° (1.077 + (0.998 + 107.6 99.8
0.056) x 10° 0.027) x 10°

better than the majority of existing methods. In addition, compared with
the existing methods, this biosensor effectively reduces the non-specific
background. Also, based on a B-PER strategy that greatly improves
amplification efficiency, our biosensor eliminates the need for sample
pretreatment, simplifying the operational steps and allowing for one-
step completion. This method has high selectivity for S. Typhimurium.
It has good recovery and accuracy when used for actual food samples. In
general, the biosensor proposed by us has the advantages of high
sensitivity, good selectivity, and simple operation. Meanwhile, this
strategy with ease extended to other analytes by changing the structure
of the aptamer corresponding to the target. Therefore, our newly con-
structed biosensor may provide a new idea for the detection of food-
borne pathogens and other trace molecules.
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