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Keywords:

Magnetic beads SELEX structure analysis and molecular docking, as well as affinity assessment. Redundant nucleotides in AP32
Aptamer were stepwise removed without the decrease of affinity. Following such strategy, a truncated aptamer
Fluorescent biosensor AP32-4 with the length of only 15 nt was eventually screened. The dissociation constant of
Target-recycling signal amplification 7722 + 11.27 nM is almost equivalent to the original AP32. Furthermore, an aptamer-based fluorescent
Metronidazole biosensor for metronidazole was constructed based on AP32-4. With the help of exonuclease-assisted

target-recycling amplification, the biosensor exhibits a linear detection range of 25—800 nM, and the
detection limit of 10.50 nM. The biosensor was applied to detect metronidazole in honey samples. The
results show that not only an efficient strategy for screening robust and practicable aptamers, but also an
ultrahigh sensitive detection platform for metronidazole were established.
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1. Introduction

Metronidazole [1-(2-hydroxyethyl)-2-methyl-5-nitroimidazole]
is a synthetic nitroimidazole derivative which has been widely used
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antibacterial and antiprotozoal activity [1]. Metronidazole (MNZ)
used to be added to feed to prevent infection and promote weight
gain [2]. It was even reported to be illegally added to cosmetic ma-
terials to reduce skin infection [3]. However, studies have shown that
improper use of metronidazole has potential risks of teratogenicity,
carcinogenicity and nerve mutagenesis [4]. Therefore, it is important
to achieve high-sensitive and high-specific quantitative determi-
nation of metronidazole. Conventional methods for metronidazole
detection include spectrophotometry [5], high-performance liquid
chromatography [6], fluorescence [7], UV spectrophotometry [8],
gas chromatography [9] and ion mobility spectrometry [10]. These
methods require either advanced equipment and professional
technical personnel, or high cost and complicated sample process-
ing. Biosensors with high-specific recognition elements and effi-
cient signal amplification offer accurate and rapid detection for
diverse targets. However, the lacking of specific recognition ele-
ments greatly restricts the application of biosensing technique in
metronidazole detection. Although several biosensors for metroni-
dazole have been reported, they generally employed molecularly
imprinted polymer or nanomaterials as recognition elements
[11—13]. Immunosensor for metronidazole has been reported [14],
yet the high quality antibody of metronidazole is still not available.
Therefore, it is necessary to screen novel recognition elements and
establish accurate, sensitive and rapid detection of metronidazole.

Since the emergence of systematic evolution of ligands by
exponential enrichment (SELEX) technology, various aptamers for
different targets have been selected and applied in diverse areas
including the construction of aptamer-based biosensors. With the
continuous development of SELEX technology, new materials and
strategies have been employed in SELEX process, particularly for
small molecules, such as capillary electrophoresis (CE)-SELEX [15],
graphene oxide (GO)-SELEX [16], multi-GO-SELEX [17] and
capture-SELEX [18]. Nevertheless, magnetic separation-based
SELEX is still regarded as the most efficient way to select aptam-
ers from random ssDNA pool. The use of magnetic beads and
external magnets allows relatively fast, simple and gentle separa-
tion of various molecules in different lower volume matrices
[19,20]. Previously we successfully obtained several antibiotics-
specific aptamers by employing the conventional target-
immobilized magnetic beads-based SELEX [21,22]. To immobilize
DNA library onto the magnetic beads further improves the mag-
netic beads-based SELEX. By using a 5’-biotinylated primer during
PCR amplification, dsDNA in PCR products can be immobilized onto
streptavidin-modified magnetic beads. Then targets replace those
ssDNA with affinity from dsDNA on the beads through competitive
binding. DNA library-immobilized SELEX has apparent advantages
over target-immobilized SELEX. On one hand, important charac-
terized functional groups of targets may be consumed during
immobilization, which reduces the binding sites of the aptamers.
On the other hand, only ssDNA with high affinity for targets will be
recovered during DNA library-immobilized SELEX, because the
competitive binding of ssDNA to targets requires the higher affinity
of ssDNA for targets than their complementary sequences. This
means the higher efficiency of the selection.

Post-SELEX optimization is a critical step to obtain real practical
aptamers with reliable affinity and low cost. It is also the reason
that only several so-called “star aptamers” have been frequently
used to construct diverse aptasensors. Aptamer truncation can
effectively reduce the synthetic cost and improve the application
value of aptamers through cutting off unnecessary segments within
the ssDNA sequences [23—26]. For example, the fixed sequences
flanked at both sides of the random sequences in building ssDNA
library, which are used as primer binding regions in PCR and ac-
counting for about 50% of the total length, are sometimes proven
not conducive to the overall structures of aptamers and can

therefore be truncated. On the contrary, sequences with good ho-
mology can be persisted for further binding analysis. Appropriate
truncation can be carried out based on structural analysis and
binding sites prediction until the shortest aptamer sequences are
found [27,28].

In this work, DNA library-immobilized SELEX was employed to
select metronidazole-specific aptamers. After ten rounds of selec-
tion, four aptamers with highly similar secondary structures were
selected, among which the one with the highest affinity, AP32 was
chosen for post-SELEX truncation. The truncated aptamer has a
greatly reduced length of the sequence with almost unchanged
affinity. After the characterization of the truncated aptamer, it was
considered to build a simple and efficient biosensor to evaluate its
performance in practical detection. Graphene oxide (GO) has been
widely used in both SELEX process and construction of aptamer-
based biosensors, due to its stronger adsorption of ssDNA than
dsDNA or DNA/target complexes [29—32]. This strategy can be
more efficient in case a short-length ssDNA is employed, since the
adsorption of short aptamers on the surface of GO is comparatively
weak and the formation of the aptamer/target complexes is more
reliable. Meanwhile, to increase the sensitivity of the detection,
target-recycling strategy was frequently employed [33—36]. Thus a
simple, highly sensitive and specific target-recycling fluorescence
assay based on the truncated aptamer was designed for the
detection of metronidazole.

2. Experimental
2.1. Aptamer selection

DNA library-immobilized SELEX was carried out. The initial
random ssDNA library was firstly amplified by PCR with a pair of
FAM-labeled forward primer and biotinylated reverse primer. The
PCR product, dsDNA was immobilized on the surface of streptavidin-
modified magnetic beads through the strong interaction between
biotin and streptavidin. When the dsDNA-immobilized beads were
incubated with the target metronidazole, the single-stranded se-
quences possessing the higher affinity towards the target than their
complementary sequences formed ssDNA/metronidazole com-
plexes and were released from the beads. After magnetic separation,
the beads were removed and the ssDNA sequences in the solution
were determined by fluorescent analysis, and used as the secondary
library for further PCR amplification. Such selection was continu-
ously performed for several rounds until the fluorescence intensity
of the released ssDNA reached saturation. As the number of selection
rounds increased, ssDNA sequences with the higher affinity for
metronidazole were gradually enriched, while those with lower
affinity were gradually eliminated (Fig. 1A).

To keep the magnetic beads active, streptavidin-modified
magnetic beads were washed 5 times with PBS buffer (137 mM
Nacl, 2.7 mM KCl, 4.3 mM Na;HPO4 and 1.4 mM KH,PO4, pH 8.0). In
the first selection round, the initial ssDNA library was amplified by
PCR (Material and method are detailed in the Supporting infor-
mation). 200 pL PCR product was mixed with 200 pL binding buffer
(50 mM Tris-HCI containing 5 mM KCl, 100 mM NaCl and 1 mM
MgCly, pH 7.4). Then 80 pL streptavidin-modified magnetic beads
were added and the mixture was gently shaken for 2 h at room
temperature. With the help of a magnetic separator, the superna-
tant was removed. The magnetic beads were washed 5 times with
the binding buffer to remove unbound DNA. Thereafter, 300 mM
metronidazole was added and the mixture was gently shaken for
another 2 h at room temperature, followed by the magnetic sepa-
ration. The supernatant was collected, and its fluorescence in-
tensity was determined. The pooled ssDNA in the supernatant was
amplified by PCR and put into the next round of selection. The
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Fig. 1. (A) Schematic diagram of DNA library-immobilized SELEX. (B) Schematic illustration of target-recycling signal amplification for fluorescent detection of metronidazole.

SELEX was continuously conducted until the fluorescence intensity
of the pooled supernatant reached saturation.

The ssDNA pooled at the last round of selection was amplified by
PCR. The products were purified with gel recovery kit, then con-
nected with pMD18-T vector and transferred into Escherichia coli
JM109 for overnight culture. 39 positive clones were selected and
sequenced by Sangon Biotechnology Co., Ltd. (Shanghai, China).

2.2. Sequence analysis and molecular docking

The primary structures and spatial structures of the selected
aptamers were characterized and compared. The homology of
these sequences was analyzed by DNAMAN and Snap Gene. The
secondary structures of the aptamers were simulated and analyzed
by RNA Structure software and online software Mfold Web Server.
Then PyMoL 1.7.6 software was used to simulate the tertiary
structures of the aptamers, and the 3D structure of metronidazole
was got from the website Pubchem Project. And the molecular
docking software Auto Dock Tools 1.5.6 was used to conduct mo-
lecular docking between the aptamer and metronidazole. Finally,
the results of molecular docking were analyzed by PyMoL 1.7.6
software.

2.3. Characterization of the selected aptamers

To measure the dissociation constant (Kq) of the selected
aptamers, different volume of the synthesized 5'-FAM labeled
aptamer sequences were supplemented up to 200 pL with the
binding buffer to prepare different concentration of the aptamers.
Then the aptamer solution was denatured at 90 °C for 10 min,
rapidly put in ice bath for 10 min, and placed at room temperature
for 10 min. GO was added to the aptamer solution and the mixture
was incubated for 2 h at room temperature to allow the adsorption
of the aptamer onto GO. Then 1 uM metronidazole was added to the
mixture, followed by slight shaking and displacement for 2 h at
room temperature. After that, the mixture was centrifuged for
5 min at 13 000 r/min and supernatant was pooled. Finally, the
supernatant was added into 96-well plate and the fluorescence
intensity was measured with a microplate reader (emission
wavelength: 520 nm, excitation wavelength: 494 nm). The content
of the free aptamer in the supernatant is proportional to the fluo-
rescence intensity. The Kq values of the aptamers can be calculated
through non-linear regression according to the equation
y = Bmax x [free ssDNA]/(Kq+[free ssDNA]). In the equation, y
represents the proportion of metronidazole bound to aptamer to
the total metronidazole, that is, saturation. Bmax represents the
number of the maximum binding sites. And [free sSDNA] represents
the concentration of free ssDNA that is not bound to metronidazole.

To evaluate the specificity of the aptamer for metronidazole,
200 pL of 500 mM FAM-labeled aptamer dissolved in the binding
buffer was denatured at 90 °C for 10 min, rapidly put in ice bath for
10 min, and kept at room temperature for 10 min. Then, 80 pL of
5 mg/mL GO was added and incubated at room temperature for 2 h.
Next, 1 uM different kinds of antibiotics were added to the mixture
respectively. The mixture was incubated for 2 h at room tempera-
ture with gentle shaking, follow by centrifugation at 13 000 r/min
for 5 min. The supernatant from different samples was added into
96-well plate and the fluorescence intensity was measured and
compared to that of the sample with metronidazole.

2.4. Construction of fluorescent signal amplification sensor

The truncated optimal aptamer was utilized to construct a
fluorescent biosensor for metronidazole to verify its practicability.
The truncated aptamer was labeled with FAM at its 5'-end. GO was
then introduced, which can not only adsorb aptamer via hydro-
phobic and - stacking interactions between the nucleobases of
ssDNA and GO, but also quench the fluorescent signal of FAM
modified on the aptamer. In the presence of metronidazole, the
aptamer was competitively displaced from GO and formed
aptamer/metronidazole complex in the solution. Then the fluo-
rescent signal of FAM was recovered. Furthermore, the desorbed
aptamer in the complex can be hydrolyzed by Rec]f exonuclease,

Fluorescence intensity

2 3 4 5 6 7 8 9 10
SELEX cycle number

Fig. 2. Fluorescence intensity of the displaced ssDNA in the solution in each round of
selection.
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Fig. 3. The secondary structures of four selected aptamers. (A) AP2; (B) AP19; (C) AP21; (D) AP32.

releasing free metronidazole for target-recycling. Thus the ampli-
fication of the fluorescent signal can be achieved (Fig. 1B).

The truncated aptamer was diluted with binding buffer to the
final concentration of 20 nM. 1 mL of 20 nM aptamer was mixed
with 160 pL of 5 mg/mL GO and allowed to settle for 100 min. Then
different concentrations of metronidazole were added to 200 pL of
the above aptamer-GO mixture and incubated at 37 °C for 90 min.
Thereafter 1 pL of 300 U/mL Rec]f was added and incubated at 37 °C
for 90 min, followed by centrifugation at 13 000 r/min for 5 min.
Afterwards, the fluorescence spectra of the supernatant were
collected with the excitation of 494 nm and the emission intensity
at 520 nm was taken for quantitative analysis.

To verify the practicability, the assay was applied to detect
metronidazole in artificially contaminated honey samples. To pre-
pare honey samples, different concentrations of standard metro-
nidazole solution were spiked to the 5-fold diluted honey samples.
Then the detection was carried out according to the steps described
above.

3. Results and discussion
3.1. In vitro selection of the aptamers

During the DNA library-immobilized SELEX, PCR products of
ssDNA library was immobilized on magnetic beads in form of

dsDNA, and sequences with high affinity for metronidazole were
rehybridized with its complementary sequences and released into
the solution in form of aptamer/metronidazole complex. The
fluorescent signal of FAM labeled at the 5’-end of the aptamers was
used to quantify the aptamers. The higher the fluorescence in-
tensity is, the higher the affinity of ssDNA is in the solution toward
metronidazole. As shown in Fig. 2, the fluorescence intensity
continuously increases and reaches the maximum after seven
rounds of selection. As the number of selection rounds increased,
ssDNA with the higher affinity for metronidazole was gradually
enriched, while ssDNA with comparatively low affinity was grad-
ually eliminated. And then the selection reaches saturation.
Nevertheless, three more selection rounds were performed to
reduce possible false positive sequences, during which the fluo-
rescence intensity decayed [37]. The pooled ssDNA in the tenth
round of selection was PCR amplified and cloned for sequencing.

3.2. Characterization of the selected aptamers

After ten rounds of selection and enrichment, 39 positive clones
were selected for sequencing. The obtained sequences are listed in
Table S1 in Supporting information. These aptamers are classified
into seven families according to their sequence homology. The
homologous regions are highlighted. The representative aptamers
are rich in conservative motifs “GGT” and “GTT” (shown in bold



H. Wei et al. / Analytica Chimica Acta 1128 (2020) 203—210 207
> 300 >
.‘% = 250,
7}
5 z 5
£ 8 200
= 2004 e
g i § 1501
§ 1001 AP2 (K= 8 100
-_— (K4=137.67£15.31 nM) 7]
° — AP19 (K,=144.59£38.56 nM) [ 501
2 — AP21 (K =151.35£29.26 nM) [e]
[T — AP32 (K,=77.77£15.93 nM) E
% 200 400 600 - e
. 0\0 O\Q: & c}(\ 0\0 0\0 *\(@ (}0
Concentration (nM) GG P Y < A
FISFEE L S
S L FFTSE S
& & ¢
Antibiotics
Fig. 4. (A) The saturation curves and Kq values of AP2, AP19, AP21 and AP32. (B) Verification of the specificity of AP32 to metronidazole.
Fig. 5. (A) Molecular docking of AP32 and metronidazole; (B) Molecular docking of AP32-3 and metronidazole.
Table 1
Sequences and dissociation constant (K4) values of the truncated aptamers.
Aptamers Sequences (5'-3") Kq (nM)
AP32 TAGGGAATTCGTCGACGGATCCCTGCAGTTTGGTAGGGTGCGAGCAACATCAGGCACCTGCAGGTCGACGCATGCGCCG 77.77 + 15.93
AP32-1 ATCCCTGCAGTTTGGTAGGGTGCGAGCAACATCAGGCACCTGCAGG 41.05 + 12.58
AP32-2 ATCCCTGCAGTTTGGTAGGGTGCAGG 97.38 + 29.00
AP32-3 CTGCTTTGGTAGGGCAG 75.04 + 22.30
AP32-4 CTGTTTGGTAGGCAG 7722 + 11.27

letters), which may be important during the recognition and
binding to the target. Among them, AP2, AP19, AP21 and AP32 were
chosen for further characterization. Next, RNA Structure software is
used to simulate and predict the secondary structures of the four
aptamers, as shown in Fig. 3. In the secondary structure diagrams,
the conservative motif “GGT” is usually located in the ring regions.
These structural characteristics are likely related to the specific
binding of the aptamers to metronidazole.

Then the dissociation constants (Kq) of the aptamers were
determined to evaluate the affinity of these aptamers for metro-
nidazole by fluorescence method. These aptamers were chemically
synthesized and labeled with FAM at their 5’-end. GO was utilized
to adsorb FAM-labeled aptamers and quench the fluorescent signal.
On the contrary, metronidazole competitively bound to aptamers
and released them from GO, subsequently recovered the fluores-
cent signal. To plot the saturation curve, a serial of different con-
centrations of the aptamers were used, whereas the concentration
of metronidazole was fixed. Content of the aptamer was directly
proportional to the fluorescence intensity. According to the

equation y = Bmax x [free ssDNA]/(Kq+[free ssDNA]) and non-
linear fitting by software GraphPad Prism 8.0, the dissociation
constants of each aptamer can be determined (Fig. 4A). Among
these aptamers, AP32 has the lowest Kq value of 77.77 + 15.93 nM,
which means the highest affinity for metronidazole. Then, the
specificity of AP32 was evaluated. Other antibiotics rather than
metronidazole were used to displace AP32 from GO and the fluo-
rescence intensity of the solution was measured. As shown in
Fig. 4B, the fluorescence intensity obtained in the presence of
metronidazole was much higher than those of other antibiotics.
Dimetridazole, another nitroimidazole derivative, shows slight
binding with AP32. The binding of antibiotics from other families
can be neglected. This indicates high specificity of the aptamer.

3.3. Truncation of the aptamer

Truncation was carried out in a semi-rational mode, that is,
truncation scheme is based on both structural prediction and af-
finity analysis. Molecular docking was firstly carried out to predict
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Table 2

Detection of metronidazole in 5-fold diluted honey samples.
Samples Added (nM) Found (nM) Recovery (%) RSD (%)
Sample 1 200 196.5 98.25 5.08
Sample 2 400 394.7 98.67 4.76
Sample 3 600 612.6 102.10 3.92

the binding site of AP32 and metronidazole, and the energy-
optimal conformation is selected during the docking. As shown in
Fig. 5A, metronidazole is surrounded with the oligonucleotide
chain of the aptamer, mainly through hydrophobic interaction and
van der Waals force. The nucleotides located at the binding site
include A19, T20, C21, C22, G37, G38, T39, A62 and G63. Then we
optimized the structure of AP32 by step-removing of the extra-
neous nucleotides and comparing the affinity of the truncated
aptamer to that of AP32. If the Kq of the truncated aptamer is lower
than 100 nM, the truncation scheme is retained; otherwise, the
truncation scheme is abandoned. The ultimate goal is to obtain an
aptamer with the shortest possible length and acceptable affinity.

First of all, a structurally stable truncated aptamer AP32-1 with
the length of 46 nt was obtained by removing the stem-ring
structure without binding site (Fig. S1). The affinity of AP32-1 for
the target is apparently enhanced, which may be ascribed to the
deletion of redundant sequence. However, the length of AP32-1 is
still not satisfactory for real application. Thus multiple truncation
attempts were subsequently conducted on the basis of AP32-1, and
finally a feasible scheme to truncate the aptamer to 17 nt was found,
resulting in the aptamer AP32-3. Although the Ky values of the
gradually shortened aptamers experience fluctuation, the affinity
maintains in the acceptable range. The sequences and Kq of the
truncated aptamers are listed in Table 1. Molecular docking of
AP32-3 and metronidazole shows that compared with the original
aptamer, the binding site of the truncated aptamer is most likely to
be at the junction of the stem and the loop structure (Fig. 5B).
Furthermore, by considering the predicted binding site and
comparing the affinity of various 15 nt-length sequences, a trun-
cated aptamer AP32-4 was finally obtained, whose Kq is deter-
mined to be 7722 + 11.27 nM. To sum up, according to the
secondary structure analysis and binding site prediction, the
aptamer was truncated through step-removing of the stem-loop
structure and other regions without the binding site. During the
truncation, we found that the binding site of the aptamer shifts,
which may be ascribed to the conformational change of the

oligonucleotides. Nevertheless, the binding site generally distrib-
utes at the critical region of stem-loop structure. Upon the deletion
of redundant sequence, the length of the aptamer reaches the
minimum, while the K4 value of AP32-4 is almost equivalent to that
of AP32. Thus, the screened optimal aptamer laid a solid basis for
further application in the construction of biosensors for
metronidazole.

3.4. Detection of metronidazole based on truncated AP32-4 and
target-recycling fluorescent signal amplification

To evaluate the performance of the screened aptamer in prac-
tical application, a simple fluorescent biosensor for metronidazole
was constructed with a target-recycling signal amplification unit.
GO was employed to adsorb FAM-labeled AP32-4 and quench the
fluorescent signal of FAM. Metronidazole can recover the fluores-
cent signal through displace the aptamer from GO, while RecJf
exonuclease was used to hydrolyze the aptamer and release
metronidazole for target-recycling and fluorescent signal amplifi-
cation. After the addition of Rec]f exonuclease, the aptamer is hy-
drolyzed and no band can be observed. The same phenomenon
appears when GO is introduced. Since the aptamer is adsorbed on
the surface of GO, no aptamer exists in the solution. Nevertheless,
when AP32-4, GO and metronidazole are co-existence, the band
represents AP32-4 can be observed, which means AP32-4 exists in
the solution. However, upon the addition of Rec]f exonuclease to
the mixture of AP32-4, GO and metronidazole, the band disappears
once again, indicating the hydrolysis of the aptamer. These results
prove that GO can effectively adsorb the aptamer, while metroni-
dazole can release aptamer, which can be further hydrolyzed by
RecJf exonuclease.

In order to obtain the best performance, several reaction con-
ditions of the fluorescent signal amplification sensor were opti-
mized, including the concentration of the aptamer, the amount of
RecJf exonuclease, the incubation time and temperature. Fluores-
cence intensity was used as the index during the experimental
optimization. With the increase of the concentration of AP32-4, the
fluorescence intensity increases and then keeps constant when
AP32-4 is higher than 2 uM (Fig. S2A). The increase of the amount of
RecJf exonuclease can accelerate the hydrolysis of the released
aptamer and the recycling of metronidazole. The fluorescence in-
tensity reaches the maximum when 1.5 U RecJf exonuclease is
added (Fig. S2B). The incubation time and temperature can greatly
influence the hydrolytic reaction of RecJf exonuclease and thus
were optimized. The highest fluorescence intensity is detected
when 90 min and 37 °C are employed (Figs. S2C and S2D).

Under the optimal conditions, the relationship between the
fluorescence intensity of the biosensor and the concentration of
metronidazole was studied. The results are shown in Fig. 6. Fluo-
rescence intensity gradually increases with the increased concen-
tration of metronidazole in the samples. A good linear relationship
between the fluorescence intensity and metronidazole concentra-
tion can be derived in the range of 25—800 nM. The linear regres-
sion equation is y = 0.2295x+205.41 (R?> = 0.9978), where y
represents the fluorescence intensity, and x represents the con-
centration of metronidazole (nM). The detection limit of the sensor
is estimated to be 10.50 nM. According to the technical recom-
mendations of the analytical method given by the European
Reference Laboratory (EURL), the detection concentration of
metronidazole is 3 pg/kg (approximately 24.53 nM). Thus the
developed assay can meet the detection requirement of metroni-
dazole residue.

In order to develop the application potential of the truncated
aptamer-based biosensor in practical sample detection, the target
recycling sensor was applied to detect metronidazole in artificially
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contaminated honey. The detection was repeated for 3 times at
each concentration. The results are listed in Table 2. The recovery
rate of metronidazole in honey samples is in the range of
98.25—-102.1%, and the relative standard deviation (RSD) is within
3.92-5.08%. The results indicate excellent performance of the
biosensor in detection of honey samples.

4. Conclusions

In summary, overall 39 metronidazole-specific aptamer se-
quences were firstly selected based on DNA library-immobilized
magnetic beads SELEX technology from an initial library contain-
ing 35 random oligonucleotides with a total length of 79 nt through
10 rounds of selection. After the classification of these aptamers,
four sequences with highly similar secondary structures were
picked up for affinity evaluation, among which the one with the
lowest K4, AP32 was chosen as the optimal original sequence for
post-SELEX truncation. The truncation was conducted under a
semi-rational fashion based on both structural prediction and
multiple trial followed by affinity evaluation. A truncated aptamer
with the length of only 15 nt, AP32-4 was eventually obtained,
without the loss of affinity. The selection and truncation methods
used in this work may provide an efficient and universal strategy
for the screening of robust, low-cost and high affinity aptamers for
diverse targets. To investigate the practicability of the truncated
aptamer, it was used to construct an aptamer-based fluorescent
biosensor based on target-recycling signal amplification, which
was applied to detect both standard metronidazole solution and
the actual honey samples. The high sensitivity and satisfactory re-
covery and RSD in real samples suggest the application prospect of
the biosensor in food safety, environment monitoring and medical
analysis.
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