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HIGHLIGHTS

e An AlEgen-Peptide/AuNCs-apt fluo-
rescent sensor was developed for Van
detection.

e The system showed good sensitivity
and selectivity in the range of 0.01
—100 ugmL~L

e Dual-emitting ratiometric fluores-
cent sensing of Van  was
demonstrated.

e The sensor effectively distinguishes
Van from glycopeptide antibiotics.

ARTICLE INFO

Article history:

Received 6 November 2020
Received in revised form

21 December 2020

Accepted 22 December 2020
Available online 16 January 2021

Keywords:

Vancomycin

AIE luminogens

Au nanoclusters

Dual-emission biosensor platform

GRAPHICAL ABSTRACT

hv & with Van
H without Van
S > .
& o~ »
AuNCs-apt TPE-p Van

ABSTRACT

Precise doses of antibiotics are necessary to prevent bacterial drug resistance. Although fluorescent
sensors are promising for quantitative analyses of antibiotics, improvements in feasibility, selectivity, and
sensitivity are needed. In this study, a dual-emission fluorescence biosensor platform was developed for
simple, selective, and sensitive determination of vancomycin (Van) based on a peptide conjugated with
blue-emitting aggregation-induced emission luminogens (AlIEgen) and aptamer-modified red-emitting
gold nanoclusters (AuNCs-apt). The peptide and aptamer together recognized Van with high affinity, thus
changing the fluorescence intensity at 470 nm and 650 nm, respectively. This platform displayed excel-
lent linear correlation between the fluorescence response and a Van concentration ranging 0.01
—100 pg mL~Y, and the limit of detection (LOD) was 2.79 ng mL™". In addition to the ability to accurately
distinguish Van from glycopeptide antibiotics, the newly developed biosensor allowed for naked-eye
detection of 1ugmL™! Van. These results and those of serum samples and microdialysate samples
support the application of this newly developed method for Van monitoring and clinical diagnosis.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

ototoxic, especially when used in combination with other ototoxic
or nephrotoxic agents and in patients with renal impairment. It is

Owing to the recent increase in antibiotic-resistant bacteria, the
broad-spectrum antibiotic vancomycin (Van) is widely used in
clinical settings. However, Van is potentially nephrotoxic and
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necessary to monitor Van levels to ensure that the target thera-
peutic range is achieved. To provide a reliable basis for the rational
clinical use of drugs [1], a high efficacy and low incidence of toxicity
are necessary [2]. It is therefore important to monitor drug levels in
the blood and promptly adjust antibiotic dosing regimens. Most
conventional detection methods for Van use high-performance
liquid chromatography (HPLC) [3,4] and ELISA [5]. Fluorescence
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detection is a rapid, stable, sensitive, and cost-effective method.
Several fluorescent sensors for Van detection have been reported
[6,7]. However, innovative methods for rapid Van detection are still
needed, and a reliable fluorescent biosensor for serum Van would
be clinically significant.

Aptamers are small nucleic acid molecules interacting with
target molecules with high specificity and affinity. Plaxco et al. used
aptamer-based sensors for sensitive electrochemical detection of
Van [8]. High-specificity aptamers can be used to construct fluo-
rometric aptasensors for Van. Furthermore, gold nanoclusters
(AuNCs) are widely used as biosensors owing to their stable fluo-
rescence, excellent photostability, high emission rate, and excellent
biocompatibility [9,10]. Aptamer-stabilized AuNCs have been
studied extensively owing to their high affinity to single-stranded
DNA [11,12]. Moreover, size-dependent fluorescence and color
tunability are beneficial properties for biological imaging and
sensing [13].

To resolve aggregation-caused quenching (ACQ), an issue asso-
ciated with traditional fluorescent materials, aggregation-induced
emission (AIE) has attracted considerable attention [14].
Compared with traditional ACQ fluorescent materials, AIE materials
have various advantages, including high signal-to-noise ratio owing
to low background emission, high sensitivity, and strong anti-
bleaching ability. AIE molecules are generally non-emissive in
their molecular dissolved state; however, they can be induced to
display high luminescence efficiency in the aggregated or solid
state [15]. Peptides conjugated with AIE luminogens (AIEgens)
interact with biotargets with high specificity and high affinity. AIE-
peptide probes have been designed to monitor apoptosis [16],
detect proteins and enzymes [17], and visualize specific organelles
[18] and tissues [19].

This study aimed to develop a novel dual-emission fluorescence
biosensor platform for the sensitive, rapid, and specific detection of
Van at a single excitation wavelength. Fluorescent AIE and AuNCs
were synthesized and conjugated with a specific peptide and
aptamer to capture Van, respectively. As the concentration of Van
increased, dual-emission fluorescence peaks centered at 470 and
650 nm, respectively, while a color change from red to orange and
blue was clearly observed under UV light. We provide a novel
demonstration of the convenient detection of Van by the naked-
eye. Moreover, the method had a low LOD and wide detection
range of 0.01—100 pug mL~ .. Therefore, the present newly developed
method may be potentially applicable in the public health and
clinical settings.

2. Materials and methods
2.1. Materials and reagents

Van, teicoplanin (Tei), HAuCly-3H,O (hydrogen tetra-
chloroaurate trihydrate), and bovine serum albumin (BSA) were
obtained from Sigma-Aldrich (St. Louis, MO, USA). 1-ethyl-3-(3-
(dimethylamino)propyl) carbodiimide hydrochloride (EDC) and N-
Hydroxysuccinimide sodium salt (NHS) were obtained from
Macklin Inc. (Shanghai, China). NaOH, CuSOQ4, and sodium ascorbate
were purchased from Aladdin (Shanghai, China). A Van aptamer [8]
(5'-NHy— CGAGGGTACCGCAATAGTACTTATTGTTCGCCTATTGTGGG
TCGG-3') was synthesized and purified by Shanghai Sangon
Biotechnology Co. Ltd. (Shanghai, China). e (Propargylamine)K(Ac)
aa (where e represents p-Glu and a represents p-Ala) peptides were
provided by ChinaPeptides Co., Ltd. The Van ELISA Kit was obtained
from Jining Shiye Co. Ltd. (Shanghai, China). The 1 x PBS contained
NaCl (137 mM), KCl (2.7 mM), NaHPO4 (10 mM), and KH,POg4
(1.8 mM). All chemicals and reagents were of analytical reagent
grade and were used as received without further purification.
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Double deionized water was purified using a Milli-Q Plus Water
Purification System (Millipore, Billerica, MA, USA).

2.2. Instruments

Fluorescence spectroscopy was performed using the Infinite
M200 microplate reader (TECAN, Mannedorf, Switzerland) in a
384-well black microplate (Corning, Inc., Corning, NY, USA) (exci-
tation wavelength of 330 nm). The molecular weight was detected
by Fourier transform mass spectrometry (Bruker Daltonics Inc.).
Transmission electron microscopy (TEM) images were obtained
using a transmission electron microscope (JEM-2100F; JEOL, Tokyo,
Japan) operated at 200 kV. Dynamic light scattering (DLS) and zeta
potentials were measured using a Malvern Zetasizer Nano ZS3600.

2.3. Synthesis of TPE-p

TPE-p (TPE-peptide) was synthesized as follows. Alkyne-
functionalized peptide e (Propargylamine)K(Ac)aa (19.9 mg,
40 umol) and TPE-N3 (Azide-functionalized tetraphenylethene)
(15.5 mg, 40 pumol) were dissolved in a mixture of dimethyl sulf-
oxide (DMSO) and water (v/v=>5/1, 2.0mL). The “click” reaction
was initiated with a catalyst system of CuSO4 (12.8 mg, 80 umol)
and sodium ascorbate (31.7 mg, 160 pmol). The reaction proceeded
through continuous agitation for another 24 hat 22—25°C. The
crude product was purified by HPLC and lyophilized under vacuum
to yield the probe (8.5 mg, 24% yield) as a white powder. TPE-p was
characterized by Fourier transform mass spectrometry: FTMS (ESI,
positive) m/z [M + H]* calcd 884.44537; found 884.44257 (see
Fig. S1).

2.4. Preparation of AuNCs-apt

The BSA-AuNCs were synthesized using a previously described
method [20]. Aptamer-modified AuNCs-apt was prepared by amide
condensation. Briefly, 4 uL of BSA-AuNCs was added to 196 uL of
PBS, followed by the addition of EDC (0.56 mg) and NHS (0.32 mg)
with continuous stirring at 37 °C for 30 min. Thereafter, 10 uM Van
aptamer (20 pL) was added to the solution and maintained at 37 °C
for the condensation reaction. The BSA-AuNCs solution was further
purified through dialysis for 24 h, using a 1000 MWCO dialysis
membrane.

2.5. Fluorescence measurement

TPE-p was dissolved in DMSO to prepare a stock solution with a
concentration of 2.0 mM and diluting to final concentration with
PBS. TPE-p (10 uM, DMSO/water (v/v=1:199)) was mixed with
AuNCs-apt (100 nM). Thereafter, Van at various concentrations (0,
0.01, 0.02, 0.05, 0.1,0.2, 0.5,1, 2, 5,10, 20, 50, and 100 pg mL~") was
added to the mixture and incubated for 30 min at 22—25°C. The
fluorescence intensity of the solution was measured at an excitation
wavelength of 330 nm and emission wavelength of 400—800 nm.

2.6. Detection of real samples

Blood samples were collected from adult male Sprague—Dawley
rats (200—250 g, SLAC Laboratory Animal Co. Ltd., Shanghai, China)
and allowed to coagulate at room temperature, followed by
centrifugation at 5000 rpm for 15 min to obtain serum samples.
Then, Van was added at various concentrations to obtain spiked
samples. The pharmacokinetics of Van was investigated in blood,
using microdialysis in a rabbit animal model (Three adult male New
Zealand rabbits (2—2.5 kg, JS]-Lab Co., Ltd., China)). Details of in vivo
microdialysis experiments are provided in the Supporting
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Information. All animals were maintained on a 12-h light-dark
cycle in a temperature-controlled environment (22 +1°C) with
ad libitum access to food and water. All procedures involving ani-
mals were approved by the Animal Ethics Committee of the East
China Normal University, China (No. Rb 20190701).

2.7. Method comparison

Van concentrations in the serum samples were analyzed with
the proposed method and the Van ELISA Kit in accordance with the
manufacturer's instructions. Passing-Bablok regression analysis
(MedcCalc, Ostend, Belgium) was performed to evaluate the agree-
ment between the two different analytical methods. The correla-
tion coefficient, intercept, and slope were estimated using Passing-
Bablok regression analysis with 95% confidence intervals (95% CI).

3. Results and discussion
3.1. Characterization of TPE-p and AuNCs-apt

Benzene, 1-(azidomethyl)-4-(1,2,2-triphenylethenyl) (TPE-N3)
was synthesized according to previously described method [16].
The 'H spectrum of TPE-N3 is shown in Fig. S2. The TPE-p synthesis
route is shown in Scheme S1. The AlEgen is nonfluorescent in good
solvents, but displays intense fluorescence emission when aggre-
gated in poor solvents. As shown in Fig. S3, TPE-N3 was hydro-
phobic, with intense fluorescence as an aggregate in a mixture of
DMSO/water (v/v =1/199), and TPE-p was largely nonfluorescent
in the same medium owing to its high hydrophilicity. In the pres-
ence of Van, TPE-p displays strong fluorescence signals. For the
TPE-modified peptide, the blue-shift in the fluorescence spectrum
can be attributed to the blockade of the non-radiative decay
pathways by restricting intramolecular rotations [21]. TPE-N3 was
determined by DLS measurement to be composed of aggregates
with an average size of 105nm in aqueous media (Fig. S4A).
However, TPE-p could not be detected by DLS because of its high
hydrophilicity compared to that of hydrophobic TPE-N3.

AuNCs-apt were synthesized by an amide condensation reaction
between BSA-AuNCs and the aptamer [22]. TEM revealed that the
resulting AuNCs-apt were pseudo spherical particles with an
average size of 2.15 nm (Fig. 1A). As shown in Figs. S4C and S4D, the
average hydrodynamic diameter, as determined by DLS, increased
from 7.4 nm (AuNCs) to 11.2 nm (AuNCs-apt). As shown in Fig. S5,
the zeta potential values were —8.2 mV for AuNCs and —12.7 mV for
AuNCs-apt. Aptamer conjugation resulted in a more negative zeta
potential, proving the successful formation of AuNCs-apt. The zeta
potential for the conjugate of TPE-p/AuNCs-apt/Van was substan-
tially higher than those of TPE-p and AuNCs-apt, indicating that
TPE-p and AuNCs-apt can successfully capture Van. As observed by
TEM (Fig. 1B and C), the conjugate of TPE-p/AuNCs-apt/Van had the
average diameter of 200 nm and were homogeneous spherical
particles. Furthermore, DLS data indicated that aggregates were
formed with average hydrodynamic diameters of 326 nm (Fig. S4B).

Fig. 1. (A) TEM image of AuNCs-apt. (B) and (C) TEM image of TPE-p/AuNCs-apt/Van.
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3.2. Principle for Van detection

Fig. 2A shows the normalized emission spectra for TPE-p,
AuNCs-apt, and Van in the TPE-p AuNCs-apt system. The
maximum emission wavelengths of TPE-p and AuNCs were 470 nm
and 650 nm, respectively, at a single excitation wavelength of
330 nm. Furthermore, the mixed emission spectra for TPE-p and
AuNCs did not overlap; this lack of spectral overlap ensures the
successive potential for Van quantification. For excitation at 365 nm
(under UV light), the corresponding photographs are shown in
Fig. 3A, in which TPE-p and AuNCs-apt show blue and strong red
emission, respectively.

The TPE-p and AuNCs-apt dual-emission fluorescence sensing
platform for Van is illustrated in Scheme 1. The p-Ala-p-Ala of TPE-p
and aptamer molecules exhibit highly specific binding to Van. Our
results supported the feasibility study of the proposed system for
measuring the fluorescence intensity of Van in different solution
systems. As shown in Fig. 2B, TPE-p and AuNCs-apt strands were in
the free state with very weak fluorescence in the absence of Van
and aggregated to form TPE-p-Van-AuNCs-apt in the presence of
Van with a sharp increase in fluorescence. However, when a
random DNA sequence (AuNCs-Rapt) replaced the aptamer specific
to Van, there was only a slight but non-significant increase in
fluorescence intensity. Moreover, when Van was replaced with Tei,
the fluorescence intensity at 470 nm increased, with no change in
fluorescence intensity at 650 nm. The glycopeptides teicoplanin
and Van both act by binding to C-terminal p-Ala-p-Ala. However,
using the aptamer with high affinity and specificity for Van, our
dual-emission probes can effectively distinguish between glyco-
peptide antibiotics.

3.3. Optimization of detection conditions

For optimal sensing performance, the concentrations of TPE-p
and AuNCs-apt, pH, temperature, and reaction time were opti-
mized. As shown in Figs. S6A and S6B, the fluorescence signal
change AF (AF = (F—Fp)/Fo, where Fy and F are fluorescence in-
tensities in the absence and presence of 50 pg mL~! Van at 470 nm
and 650 nm, respectively) for TPE-p increased from 5 to 50 uM and
that for AuNCs-apt increased from 20 to 200 nM. When the con-
centrations of TPE-p and AuNCs-apt were 10puM and 100 nM,
respectively, the maximal changes in fluorescence intensity of the
system were observed. pH is an important factor influencing fluo-
rescence spectra. As shown in Fig. S6C, the optimal pH value for Van
quantification was 7.4. Considering the potential application of the
probe to biological systems, PBS (pH 7.4) was selected for subse-
quent experiments. Temperature hardly influenced Van detection;
therefore, experiments were performed at ambient temperature
(25°C) (Fig. S6D). The time required to obtain a relatively stable
signal was optimized. As shown in Fig. S6E and a steady change in

A 1.04

—PEy

TPE-

b
AUNCs-apt
——TPE-pt AuNCe-apt+Van

Tei
——TPE+ Rapt+Van
———TPE-p+AUNCs-apt+Van

400 500 600 700 800 400 500 600 700 800
Wavelength (nm) Wavelength (nm)

,

> 1600

12004

Normalized FL Intensity

Fluorescence Intensity (a.u.
3 2
H g

Fig. 2. (A) Fluorescence emission spectra for TPE-p (green line), AuNCs-apt (red line),
and TPE-p/AuNCs-apt/Van (blue line). (B) Fluorescence emission spectra for TPE-p/
AuNCs-apt, TPE-p/AuNCs-apt/Tei, TPE-p/AuNCs-Rapt/Van, and TPE-p/AuNCs-apt/Van
systems.
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Fig. 3. Photograph of the semiquantitative determination of Van under UV light. (A)
Fluorescence for TPE-p, TPE-p/AuNCs-apt/Van, AuNCs-apt (from left to right). (B) The
change in fluorescence intensities in the TPE-p/AuNCs-apt system under different
concentrations of Van (from left to right): 0, 1, 2, 5, 10, 20, 50, and 100 pgmL~". (C)
Fluorescence detection in the TPE-p system with different concentrations of Van (from
left to right): 0, 1, 2, 5, 10, 20, 50, and 100 pg mL~".
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Scheme 1. Schematic illustration of the sensing platform for detecting Van.

fluorescence at both 470 nm and 650 nm was observed upon Van
supplementation. The fluorescence of TPE-p increased rapidly and
peaked at 10 min. The fluorescence increase for AuNCs-apt was
relatively gradual and plateaued within 30 min and stabilized
thereafter. Therefore, an incubation time of 30 min was used for
subsequent experiments. Furthermore, as shown in Fig. S6F, the
fluorescence response of TPE-p/AuNCs-apt/Van towards Van was
stable because the fluorescence signal was nearly unchanged when
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Fig. 4. Fluorescence spectra for the assay in the presence of different Van concentra-
tions ranging (A) 0.01—1 pgmL~", (B) 1-100 pg mL~". Corresponding linear curve for
Van detection in the range of (C) 0.01-1 pgmL~", (D) 1-100 pg mL~ %

used as the probe to detect Van for five consecutive days, indicating
high system stability.

3.4. Quantitative detection of Van

To explore the practical application of our dual-emission sensor
platform, quantitative analysis of Van was performed. As shown in
Fig. 4A and C, at optimum TPE—p and AuNCs-apt concentrations
(i.e., 10 uM and 100 nM, respectively), the fluorescence intensities
gradually changed at wavelengths of 470nm and 650 nm as the
concentration of Van increased from 0.01 to 100 pgmL™". A sig-
nificant linear association was obtained between the fluorescence
intensity and the concentration of Van in two concentration ranges
(Fig. 4). In particular, good linearity ((F470—Fs50)/
AFy = 1.92 + 1.35Cyan, R? =0.9917 (Fig. 4C) was observed in the
lower concentration range (0.01—1 pg mL™"). Furthermore, a linear
association was observed in the concentration range of
1-100 pg mL™" ((Fa70—Fes0)/AF0 = 1.39 + 1.89Cyan, R®=0.9834
(Fig. 4D). Note that AFy = Fo(470) - Foeso), where Fo(470), Fa70, Fo(es0),
and Fgsp are the fluorescence intensities at 470 nm and 650 nm in
the absence and presence of Van, respectively. The LOD was
2.79ngmL~! (LOD = 3 standard deviations/slope, n = 10).

The newly developed method can be utilized for quantitative
detection of Van. The fluorescence intensity ratio of blue-emissive
TPE-p and red-emissive AuNCs can yield obvious color changes
for visual detection of various concentrations of Van from 1 to
100 pg mL~". The probe changes from red to orange and blue under
UV light (Fig. 3B). Using only TPE-p for detection (Fig. S7), as the
concentration of Van increased (1-50 pg mL™!), the fluorescence
intensity at 470 nm increased. The working range was smaller than
that of our dual-emission sensor platform. Furthermore, as shown
in Fig. 3C, the color change of TPE-p in response to the addition of
Van was not obvious. The dual-emission sensor platform uniquely
facilitated the visual detection of Van under UV light. As shown in
Table 1, the fluorescence sensor was compared with previously
reported sensors that target Van. Dual-emission fluorescence is
superior to other sensors in terms of LOD and visual detection. Our
probes were able to effectively distinguish between glycopeptide
antibiotics for specific Van detection.

3.5. Selectivity of the detection strategy

To confirm the selectivity of the detection strategy, different
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Table 1

Comparison of the performance of analytical methods for Van quantification.
Method Material Linear range LOD Sample type Ref
E-AB Aptamer 6—35uM Not given plasma [8]
HPLC - 2-50 ugmL~! Not given serum [23]
LC-MS - Not given 0.3 pgmL™! plasma [24]
DFPA Fluorescent labeled peptides 0.5-4 uM 0.5 uM human blood [6]
Fluorescence Organic fluorescent probe 0.25—-32 uM 96.9 nM human serum [25]
Fluorescence CdTe quantum dots 1.534ngmL~" to 20 pgmL~! 0.4605 ng mL~! human serum [7]
Fluorescence AIE/AuNCs 0.01-100 pg mL~! 2.79ngmL"! serum this study

E-AB (electrochemical aptamer-based), HPLC (High-performance liquid chromatography), LC-MS (Liquid chromatography mass spectrometry), DFPA (Direct Fluorescence

Polarization Assay), AlE (aggregation-induced emission).

204 rF,, ]
L :IFssn
154
Ec 10+
mlc E
& 54
L % "
=

Pen Ery Mero Tet Tei Cef Gen

-5

Fig. 5. Evaluation of selectivity towards various antibiotics. The Van concentration was
10 pg mL~", while that of the other antibiotics was 100 pg mL™",

types of antibiotics were evaluated, including penicillin (Pen),
erythromycin (Ery), meropenem (Mero) tetracycline (Tet), teico-
planin (Tei), ceftazidime (Cef), and gentamicin (Gen). The fluores-
cence signals for Van at 10pgmL~' and other antibiotics at
100 pg mL~! were shown in Fig. 5. For other antibiotics, the fluo-
rescence intensity did not significantly increase, except for Tei at
470nm. Van and Tei are glycopeptide antibiotics with similar
structures and are able to specifically interact with the p-Ala-p-Ala
short peptide; accordingly, they could be detected by TPE-p
simultaneously. However, TPE-p and Van aptamer only responded
to Van and not to Tei. These results indicated that the high selec-
tivity of the dual-emission method was sufficient for Van detection.

3.6. Analytical application

To further evaluate the feasibility of the biosensor platform for
the analysis of real samples, serum samples were spiked with
various concentrations of Van (1, 5, 10, 20, and 50 pgmL~1). As
shown in Table 2, Van recoveries were in the range of 98—105% and
RSD values were <5.8%. To further explore the accuracy and pre-
cision, the results of our newly developed method were compared
with those of ELISA by a Passing & Bablok regression analysis. As
shown in Fig. 6A, the results for the two detection methods were
highly correlated, with no significant deviation from linearity and a
correlation coefficient of 0.98. Plasma concentration—time profiles
of three rabbits (Fig. 6B) and the corresponding PK parameters
were provided in Table 3. The areas under the curve from O h to the
last time point (AUCy_jast) of three rabbits were 9595, 9546,
7833 min pg mL~}, respectively. The peak drug concentration (Crax)
and the time to Cpax (Tmax) Were approximately 40 pg mL~! and
110 min, respectively. The Van half-life (T1;2) was approximately

Table 2
Detection of Van in serum samples (n = 4).
Spiked (ug mL™1) Found (ug mL™1) Recovery (%) RSD (%)
1 1.05 105.0 5.8
5 5.08 101.6 4.1
10 9.80 98.0 4.2
20 20.43 102.2 3.6
50 50.93 101.9 19
A 60 y=1.689 + 1015 x - B 4

n=20
50

40

30 4

20

ELISA (pg mL-)
Van concentration (pg mL™)

RS

~#
\l\!\.\i

100 200 300 400 500 600
Time (min)

0 10 20 30 40 50 60
this work (pg mL-1)

Fig. 6. (A) Method comparison of the Van assays with Passing-Bablok (the present
study and ELISA). (B) Mean concentration—time profiles of Van in rabbits.

Table 3

Pharmacokinetic parameters for rabbits.
PK parameter Rabbit 1 Rabbit 2 Rabbit 3
AUCo_1as¢ (min-pg mL™") 9595 9546 7833
Crnax (ng mL™1) 389 434 36.1
Trmax (Min) 118 113 111
T2 (min) 262 222 209

3—4h in these rabbits. These results indicated that our method
offers a feasible alternative for the quantitative detection of Van.
Furthermore, this method can be used to quantify Van in vivo.

4. Conclusion

This study describes the development of a new dual-emission
biosensor platform for the simple, sensitive, and specific detec-
tion of Van on the basis of fluorescent peptide-conjugated AIE and
aptamer-modified AuNCs. Compared with previously reported Van
assays, the method provided both a wide detection range and high
selectivity for distinguishing glycopeptide antibiotics owing to the
strong affinity towards the peptide and aptamer. The probe could
be used to visualize and quantify Van, with an easily observable
color change. More broadly, the strategy provides a new approach
for the development of sensitive, convenient, and visual detection
systems and can expand the practical detection of clinical drug
concentrations.
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