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Dual-recognition driven sensing platform based on
a BSA-Cu NP nanozyme combined with
smartphone-assistance for fluorometric/
colorimetric monitoring of dopaminet

*

Da-Qian Feng, Shaofei Wang, Zhendi Yu, Wenfeng Zhang and Guoliang Liu

Developing a highly sensitive approach for neurotransmitter analysis is of vital significance due to their
essential role in clinical diagnosis and treatment of disease. Herein, bovine serum albumin templated
copper nanoparticles (BSA-Cu NPs) with peroxidase-mimicking activity are designed and synthesized for
dopamine detection through the fluorometric/colorimetric dual-mode technique. The experimental
results suggest that as-fabricated BSA-Cu NPs can strongly catalyze the decomposition of hydrogen
peroxide to produce oxidized substances, accompanied by remarkable color changes of chromogenic
agent 3,3',5,5'-tetramethylbenzidine from colorless to blue, revealing peroxidase-like activities of BSA-Cu
NPs. However, owing to the strong binding affinity between dopamine (DA) and BSA-Cu NPs, the
catalytic activities of synthesized BSA-Cu NPs are inhibited, leading to a significant decrement of
absorption peak signal. Meanwhile, the strong fluorescence of BSA-Cu NPs exhibits remarkable
quenching due to photo-induced electron transfer. Besides, by integrating paper strips and smartphone
software analysis, an intelligent recognition of DA is also fabricated. On the basis of these phenomena,
a fluorometric/colorimetric approach based on the BSA-Cu NP nanozyme combined with smartphone-
assisted analysis is constructed for detecting dopamine with a detection limit of 5 nM, and 5 nM,
respectively. Moreover, the recognition of dopamine in human serum samples is also successfully
realized which is verified using high performance liquid chromatography, demonstrating its promising

rsc.li/rsc-advances

1. Introduction

In recent years, ultra-small molecular nanoparticles (MNPs) as
promising substitutes to organic dyes and quantum dots
attracted widespread interest in multiple fields such as chem-
ical assay, biological assay, and nanomedicine due to its excel-
lent physical and chemical properties.' Especially, fluorescent
noble-metal nanoparticles also termed noble-metal nano-
clusters have gained increased attention recently due to their
unique properties such as ultra-small size, high biocompati-
bility, tunable fluorescent properties, and low toxicity.*”
Compared with fluorescent noble-metal nanoparticles, the
synthesis of fluorescent copper nanoparticles (Cu NPs) is more
economical because of the abundance and availability of
synthesized materials.*** However, to date, only a few experi-
mental studies have given insight into Cu NPs, mainly focusing
on fluorescent properties.'>** Inspired by the study where noble-
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potential in bioanalysis and clinical disease diagnosis.

metal nanoparticles emerge as artificial enzyme mimics,"*** it is
of great significance to explore a new sensing approach based
on the catalytic activity of Cu NPs.

Dopamine (DA) is an important monoamine neurotrans-
mitter distributed in the central neural system brain tissues and
body fluids of mammals.*>'® The research suggests that normal
content of DA concentration in healthy people blood ranges
from 26 nM to 40 nM and below."” Abnormal DA levels are
demonstrated to be associated with some major diseases such
as Parkinson disease, schizophrenia, anorexia, and HIV
infection.'®>* Therefore, developing highly sensitive and selec-
tive approach for dopamine detection with wide linear range
has important significance due to it's closely related to human
physiological health. As DA is easily oxidized electrochemically
at electrodes, the detection of DA by electrochemistry method is
often interfered by ascorbic acid and uric acid, mainly because
they have close reduction potentials to that of DA. In addition,
their concentrations are 100-1000 times higher than that of DA
in most biological samples.”> Thus, the development of the
method of sensitive detecting DA is still challenging.

In this contribution, based on intrinsic catalytic property of
BSA-Cu NPs, as well as the strong interaction between DA and
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Scheme 1 Schematic illustration of fluorometric/colorimetric dual-
channel sensing platform for dopamine detection based on BSA-Cu
NPs nanozyme combined with smartphone-assisted analysis.

BSA-Cu NPs, as-fabricated BSA-Cu NPs with high peroxidase-
like activity were prepared and applied as sensing elements to
fabricate a fluorometric/colorimetric dual-channel sensor for
DA detection (Scheme 1). BSA-Cu NPs can catalyze hydrogen
peroxide (H,O,) to generate hydroxyl radicals (-OH), which
further oxidize 3,3’,5,5-tetramethylbenzidine (TMB) substrates
to generate blue, leading to increased absorbance signal (the
left lower figure in Scheme 1). Upon the addition of DA, the
peroxidase-like performance of BSA-Cu NPs was significantly
inhibited due to strong binding force between BSA and DA,
resulting in a decreased or no color change of TMB in the
presence of H,0,. Meanwhile, intrinsic fluorescent intensity of
BSA-Cu NPs was incrementally restrained attribute to photo-
induced electron transfer (PET) (the right upper figure in
Scheme 1). Besides, by using paper strips with smartphone-
assisted software analysis, an intelligent recognition of DA
was also fabricated (the right lower figure in Scheme 1). Based
on these experimental situations, a new label-free fluorometric/
colorimetric dual-mode sensing platform combined with the
smartphone-assisted analysis was developed for DA detection.
Compared with the reported methods of DA detection,**” the
present approach possesses comparable detection limit and
wider linear range. In addition, applying this sensing approach
to actual human serum samples successfully with acceptable
results reveals that this method possesses great potential in
clinical disease diagnosis.

2. Experimental section

2.1. Materials

Bovine serum albumin (BSA), cupric sulfate (CuSO,) was ob-
tained from were from Signopharm Chemical Reagent Co., Ltd
(Shanghai, China). Sodium hydroxide (NaOH), hydrochloric
acid (HCl), nitric acid (HNO;) and other metal salts or reagents
were purchased from Shanghai Chemical Reagent Co., Ltd
(Shanghai, China). All chemicals were of analytical reagent
grade and used as received without further purification. The
phosphate buffer solution (PBS) was used to control the acidity
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of the reaction system. Millipore Milli-Q ultrapure water (18.2
MQ cm™ ') was used in all experiments.

2.2. Apparatus

Absorption spectra were recorded on a Shimadzu UV-2450 UV-
visible spectrophotometer (Shimadzu, Japan). Fluorescence
spectra were determined on Jasco FP-6500 fluorescence spec-
trometer (Jasco, Japan). The pH value was measured with a PHS-
3C pH meter (Leici, Shanghai, China).

2.3. Synthesis of ultra-small size BSA-Cu NPs nanozyme

All glassware was thoroughly washed with fresh Aqua Regia
(HCI: HNO;3 = 3:1 v/v), rinsed with ethanol and ultrapure
water, and then dried in an oven prior to use. The Cu NPs
nanozyme were synthesized in one step by the reduction of
CuSO, with BSA as both reducing agent and stabilizer according
to the description of previous reports with minor modifications
(the left upper figure in Scheme 1).2® Briefly, 2 mL CuSO,
working solution (20.0 mM) was added into 10 mL BSA solution
(15.0 mg mL~ ") under vigorous stirring for 3 minutes. After that,
1 mL NaOH solution (1.0 M) was introduced, and then the
mixture was allowed to stir at 55 °C for 7 h. The reaction solu-
tion was dialyzed using 3000 Da MWCO dialysis bag in double
distilled water for 48 h to remove unreacted Cu>" solution. At
last, the concentration of the product was 3.33 mM (calculated
by the molar number of copper atoms).

2.4. Colorimetric detection of dopamine using BSA-Cu NPs
as peroxidase mimic

In a typical assay, 40 pL of Cu NPs solution (pH 7.0) was mixed
with 10 pL different concentrations of analyte dopamine (0-60
uM). Then, the above Cu NPs/dopamine mixture, 80 nL. TMB (15
mM) and 20 pL H,0, (3.75 mM) were added into 400 uL of PBS
(50 mM, pH 4.0). The mixture solution was incubated at 30 °C
water bath for 20 min and diluted to 3 mL with 50 mM PBS (pH
4.0). The absorption spectra of the reactive solution were
recorded from 500 to 800 nm with monitoring the change of
absorbance intensity located at 652 nm.

2.5. Fluorometric detection of dopamine using BSA-Cu NPs

In a test, 300 pL of as-prepared BSA-Cu NPs working solution
was diluted with PBS (50 mM, pH 7.0) and mixed with certain
amount of dopamine. Various concentrations of dopamine
solution was added into 3 mL of diluted BSA-Cu NPs working
solution, and mixed thoroughly with gentle shaking. Final
concentration of dopamine ranged from 0 to 1000 pM. The
mixture was incubated at 30 °C water bath for 20 min. The
fluorescence spectra were determined from 360 to 460 nm with
the excitation wavelength located at 324 nm.**"** The slit widths
of the excitation and emission were both 10 nm.

2.6. Smartphone-assisted analysis of dopamine using paper
strips

Chromatography paper was chosen and cut into a rectangular
paper strip (10 mm x 20 mm). After that, the fabricated paper

© 2025 The Author(s). Published by the Royal Society of Chemistry
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strips were soaked in the Cu NPs solutions (40 uL, pH 7.0) for
10 min. Then, TMB (0.4 mM) and H,O, (0.025 mM) were
dropped onto the test strip and incubated at room temperature
for 20 min. At this moment, it exhibited a dark blue color
because the test strip containing Cu NPs, H,O, and TMB by
naked eyes. Afterward, different concentrations of DA or real
samples were introduced onto the paper strip. After incubating
for 20 min, the color change was captured through smartphone
camera. The color parameters of the image were analyzed by
image software Quantity One.** Darkness density of each dot
was picked to describe color difference among the volume data
in Volume Analysis Report.

2.7. Detection of dopamine in real samples

The spiked-recovery experiments of colorimetric approach were
performed using human serum samples obtained from healthy
laboratory volunteers. The amount of dopamine in actual
samples was detected by using the proposed approach
described above with the standard addition method. The test
process was the same as before.

3. Results and discussion

3.1. Characterization of synthesized Cu NPs

The ultra-small size water-soluble Cu NPs were synthesized by
using bovine serum albumin (BSA) as a stabilizer and
reducer.’*** The obtained BSA-Cu NPs exhibited an intense blue
fluorescence under UV light. The UV-vis spectra and fluores-
cence emission spectrum of as-prepared BSA-Cu NPs are shown
in Fig. 1A. As shown in Fig. 1A, compared with the characteristic
maximum absorption peak located at 280 nm of BSA, that of
synthesized BSA-Cu NPs at the same wavelength nearly appears,
revealing the successful synthesis of BSA-Cu NPs indirectly,
which was consistent with reported work.”® Meanwhile, BSA-Cu
NPs exhibited an emission band centered at 401 nm when it was
excited at 324 nm (Fig. 1A). The quantum yield of BSA-Cu NPs in
aqueous solution at room temperature was determined to be
8.0% using rhodamine B as the standard, which is higher than
the reported work.*® As shown in Fig. 1B, the size-distribution of
BSA-Cu NPs exhibited good dispersibility with below 2.0 nm
size. Combining all of the experimental results, fluorescence
BSA-Cu NPs has been successfully synthesized.
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Fig. 1 (A) UV-vis absorption spectra of sole BSA (blue curve) and
synthesized BSA-Cu NPs (red curve). Excitation (cyan curve) and
emission spectrum (green curve) of prepared BSA-Cu NPs. (B) TEM
image of synthesized BSA-Cu NPs.
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3.2. DA detection based on fluorometric performance of
BSA-Cu NPs platform

As the assay suggests that it exhibits strong fluorescence signal,
BSA-Cu NPs was chosen for fluorometric detecting DA. Fig. 2A
reveals that the emission spectrum of synthesized BSA-Cu NPs
exhibited a maximum emission peak at approximately 401 nm
upon the excitation wavelength at 324 nm (curve 1). The addi-
tion of DA can result in decrease of maximum emission inten-
sity. Moreover, with the increasing concentrations of DA, the
fluorescence intensity of the system becomes gradually
quenched (curve 2-10). Thus, DA concentration is quantitatively
evaluated using fluorescence intensity of BSA-Cu NPs as
a sensitive response signal. The intensity of the fluorescence at
401 nm was plotted as a function of DA concentration (Fig. 2B).
The linear range is from 10 nM to 60 uM with a limit of detec-
tion (LOD) for analyzing DA of 5 nM. The linear regression
equation is Fy — F = 586.2883 — 6.5756Cp, (R = 0.9879). LOD is
estimated by 3a/k. ¢ represents the standard deviation of three
blank sample and & is the slope of the standard curve. Besides,
horizontal stacking diagram of emission spectra clearly indi-
cates the detailed quenching procedure of BSA-Cu NPs incu-
bated with a series of DA (Fig. 2C). In addition, three-
dimensional emission patterns exhibit distinct changes with
increasing DA concentrations (Fig. 2D).

3.3. The mechanism of fluorometric turn-off detection of DA

Generally, fluorescent quenching phenomena is attributed to
the mechanisms: photo-induced electron transfer (PET), inner
filter effect (IFE), or fluorescence resonance energy transfer
(FRET).** The fluorescent emission spectrum of BSA-Cu NPs
exhibit maximum peaks located at 401 nm (Fig. 1B), the UV-vis
spectra of DA molecule shows a strong absorption peak at
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Fig. 2 (A) Fluorescence spectra of BSA-Cu NPs incubated with

different amounts of DA. (B) Curve of fluorescence intensity of BSA-Cu
NPs at 401 nm versus the concentration of DA. Inset: the linear plot for
DA detection. Horizontal stacking diagram of emission spectra (C) and
three-dimensional fluorescence spectrum (D) of prepared BSA-Cu
NPs incubated with different concentrations of target DA. Conditions:
1(a), BSA-Cu NPs; 2-10 (b—j): 1 + DA (uM): 0.01, 5, 10, 30, 45, 60, 200,
500, and 1000.
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278 nm.* It doesn't appear significant overlapping between the
emission peak of BSA-Cu NPs and the UV-vis absorption peak of
DA, implying that fluorescence quenching caused by DA might
due to PET instead of FRET or IFE.*® To further distinguish
dynamic quenching and static quenching, fluorescent lifetime
of the donor molecule is also performed.* It turns up short-
ening situation from 4.52 ns to 2.65 ns, accompanying with the
remarkable quenching of BSA-Cu NPs without and incubated
with DA, reveals that the quenching mechanism of the system
should be ascribed to dynamic quenching PET mechanism.*
Besides, PET mechanism grant the BSA-Cu NPs probe a certain
specificity for DA determination.

3.4. Peroxidase-mimicking activity of synthesized BSA-Cu
NPs nanozyme

The peroxidase-like catalytic activity of the prepared BSA-Cu
NPs is investigated. As shown in Fig. 3A, no color reaction
occurs between TMB and H,O, while TMB itself is colorless
(curve 1). Upon the addition of BSA-Cu NPs, it appears a deep
blue color with a significant maximum absorption peaks at
652 nm (Fig. 3A, curve 2). The distinct color change of TMB-
H,0, system occurred after introducing BSA-Cu NPs accompa-
nied with maximum absorption peak located at 652 nm,
demonstrating a peroxide-like enzyme activity of synthesized
BSA-Cu NPs.*' The principle is as follows: existed peroxidase
catalyze H,0, to generate -OH, which further oxidize TMB to
blue substrate oxidized TMB that possesses a characteristic
absorption peak at 652 nm. According to previous reports, as
Cu(0) and Cu(r) are both existed in the Cu NPs structure, the
nature of catalytic ability of BSA-Cu NPs with peroxidase-like
activity for the oxidation of TMB incubated with H,O, can be
attributed to the generation of -OH from the decomposition of
H,0, by Cu(i) and/or Cu(0) without Cu NPs.** Interestingly,
when a certain concentration of DA exists, the catalytic reaction
of TMB-H,O, system by BSA-Cu NPs is inhibited due to the
competitive binding reaction between DA and BSA-Cu NPs,
which resulting in color change from deep blue to quite light
blue (curve 3 of Fig. 3A). Fig. 3B displays the time course of three
different reaction systems within 10 min. Time kinetic curves

exhibits the specific changing process and detailed
Bo
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Fig. 3 Typical UV-vis absorption spectra (A) and time kinetic curves
through monitoring the maximum absorbance intensity at 652 nm (B)
of TMB-H,0O, system in different reaction systems. Inset is the cor-
responding photographs of three samples. Conditions: 1 (black curve):
TMB + H,0,, 2 (red curve): TMB + H,O, + Cu NPs, and 3 (blue curve):
TMB + H,O, + Cu NPs + 10 pM DA in PBS buffer (pH 4.0) at room
temperature.
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differentiation of TMB-H,0,-Cu NPs system without and upon
the addition of target DA while selecting TMB-H,O, system as
the control (Fig. 3B). These experimental results denote that
prepared BSA-Cu NPs can serve as a highly efficient colorimetric
sensor for dopamine detection.

3.5. DA detection based on colorimetric performance of BSA-
Cu NPs nanozyme platform

As a distinct color change of TMB-H,0, system incubated with
BSA-Cu NPs, the absorbance spectra was also carried out.
Fig. 4A displayed that the characteristic absorption peak at
652 nm increased upon introducing H,O,. As increasing
concentration of H,0,, maximum absorbance intensity at
652 nm increased gradually. The relative absorbance intensity
(A — Ap) is directly proportional to the concentration of H,0, in
range from 1 mM to 50 mM. The detection limit of H,0, is
0.2 mM (S/N = 3). Compared with Fenton reaction, our
proposed approach has comparable linear ranges for H,O,
detection (Fig. S1, ESIf). Thus, turn-on colorimetric determi-
nation of H,0, is developed.

The BSA-Cu NPs-based colorimetric sensor is further applied
to detect dopamine. Fig. 4B shows the absorption spectra of Cu
NPs/TMB system in the presence of different amounts of analyte
DA. The maximum absorbance intensity of the product of
oxidized TMB at 652 nm decreased gradually with the
increasing concentrations of DA (Fig. 4B), indicating that the
absorbance intensity of the system was highly dependent on the
concentration of DA. These situations confirm the feasibility of
present BSA-Cu NPs as a colorimetric sensor of sensitively
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Fig. 4 (A) The curve of the absorbance intensity at 652 nm versus

H,0O, concentration. Inset: the linear plot for H,O, determination. (B)
Absorption spectra of the TMB solution in the presence of various
concentrations of DA by using BSA-Cu NPs as nanomaterial-based
peroxidase mimics. (C) Plots of the absorbance intensity of TMB at
652 nm as a function of the concentration of the analyte DA. Inset: the
linear calibration plot for DA detection. The error bars represent the
standard deviation of three measurements. (D) Horizontal stacking
diagram of UV-vis spectra of prepared BSA-Cu NPs incubated with
different concentrations of target DA. Conditions: 1, (a), BSA-Cu NPs;
2-10 (b—j): 1 + DA (uM): 0.01, 0.04, 1, 4, 8, 10, 20, 40, and 60 uM,
respectively.
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sensing DA. Fig. 4C illustrated the graph between the absorp-
tion intensity at 652 nm and DA concentration. The maximum
absorbance intensity exhibited a good linear relationship of DA
concentration in the range from 10 nM to 10 pM (the inset of
Fig. 4C). The linear regression equation is 4, — A = 0.46187 —
0.02666Cp, (R = 0.9904). The detection limit for analyzing DA is
as low as 5 nM (S/N = 3). The detailed changes of absorbance
intensity of TMB-H,0,-Cu NPs system incubated with different
concentrations of target DA can be observed in Fig. 4D. There-
fore, a novel turn-off colorimetric approach for detecting DA has
been proposed.

3.6. Intelligent recognition of DA using synthesized BSA-Cu
NPs nanozyme relying on smartphone-assisted analysis

In order to achieve a more simple and portable iz situ detection,
visual semi-quantitative test strip based on BSA-Cu NPs with the
accurate color recognition function of smartphone has been
designed and constructed. As shown in Fig. 5, the different
concentrations lead to the change of distinguishable color.
Besides, a series of test papers can be immediately captured by
smartphone camera to ensure the accuracy of the method,
linear relationship of DA quantitative detection is established
with mean intensity as the ordinate and the concentration of DA
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Fig. 5 The calibration curve of darkness density analyzed by image
software Quantity One (upper figure). The photographs of DA intelli-
gent recognition obtained by camera (lower figure). Conditions:
concentrations of dopamine with BSA-Cu NPs nanozyme and TMB
system (from the left to the right): O, 1, 2, 4, 8, and 10 uM.
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as the abscissa (upper figure). There is good linear relationship,
and linear regression equation is Y = —10.04X + 158.83 (R*> =
0.9981), with the LOD of 0.05 uM, revealing that smartphone-
assisted visual sensing approach can achieve efficient and
sensitive detection of DA (lower figure).
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Fig. 6 The selectivity assays of fluorometric (A)/colorimetric (B) dual-
mode monitoring of the analyte DA (20 uM) or other interferential
substances (50 pM) based on BSA-Cu NPs nanozyme platform.
Conditions: 1-16: blank, DA, AA (ascorbic acid), UA (uric acid), Na*, K*,
glucose, Gly, Glu, Gln, His, Thr, Arg, ATP, GSH, and BSA. fo and F are the
emission intensity of synthesized BSA-Cu NPs without and incubated
with DA or interferential substances, respectively. The error bars
represent the standard deviation of three measurements.

Table 1 Comparison of analytical data of different methods for the detection of dopamine

Method Linear range (nM) Detection limit (nM) References
Electrochemistry detection 5-1000 1 22
Fluorescence detection 10-20 000 1.8 23
Fluorescence detection 10-1000 10 24
Colorimetric detection 10-1000 10 24
Colorimetric detection 1000-10 000 109 25
Fluorescence detection 0.1-10 000 0.02 26
BSA-Cu NCs-based fluorescence detection 500-50 000 280 27
BSA-Cu NPs-based fluorometric detection 10-60 000 5 This study
BSA-Cu NPs-based colorimetric detection 10-10 000 5 This study

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Table 2 Determination results of dopamine by using proposed fluorometric/colorimetric dual-mode approach based on BSA-Cu NPs nano-

zyme and HPLC approach in human serum samples

Fluorometric approach

Colorimetric approach

HPLC method”?

Added Measured” R.S. D. Recovery Measured” R. S. D. Recovery Measured” R.S.D. Recovery
No. (nM) (nM) (n=5%) (%) (nM) (n=5%) (%) (nM) (n=5%) (%)
1 200 196 + 0.06 3.2 98 195 + 0.08 3.3 97.5 197 £+ 0.08 3.0 98.5
2 500 510 + 0.12 5.5 102 512 £ 0.16 5.7 102.4 509 + 0.13 5.2 101.8
3 800 824 £+ 0.22 6.1 103 828 + 0.30 6.3 103.5 826 + 0.26 59 103.3

“ Average values of five determinations + standard deviation. b HpPLC: high performance liquid chromatography.

On the whole, the experimental results suggest that BSA-Cu
NCs is more suitable for determining DA than BSA-Au NCs.
The detailed reasons are listed as follows: First, the synthesis of
BSA-Cu NCs probe is more economical due to the price of raw
materials which greatly expands their application scope.
Second, maximum emission intensity of prepared BSA-Cu NCs
in our assay has approximately 600 times variable interval while
that of BSA-Au NCs only possesses 200 times. Third, the devel-
oped approach based on BSA-Cu NCs has lower sensitivity and
wider linear range than that by using BSA-Au NCs regardless of
fluorometric mode or colorimetric mode.>* Moreover, a new
smartphone-assisted analysis for DA detection on the basis of
BSA-Cu NCs was also proposed. In addition, compared with
other reported analytical methods, our present method
possessed the comparable sensitivity and more wide linear
ranges (Table 1).2227

3.7. Anti-interference ability

To evaluate our present platform's selectivity, fluorometric/
colorimetric responses of the TMB-H,0,-BSA-Cu NPs system
to the interferential substances have been investigated. A series
of possible coexisting substances including ascorbic acid (AA),
uric acid (UA), carbohydrate, metal ions, amino acids, and
protein are chosen and measured in our assays. As shown in
Fig. 64, introducing DA leads to drastical change in fluores-
cence intensity while adding interferential substances only
induce slight changes. Similar conclusions are also obtained by
colorimetric mode sensing approach (Fig. 6B). Moreover,
absorbance changes induced by the addition of DA were clearly
observed by naked eyes. The reactive solution containing DA
was almost colorless while those including interferences
displays a deep blue color, demonstrating high selectivity of this
visual approach for DA determination (the lower photographs of
Fig. 6B). The experimental results indicated that the present
interferential substances has virtually no influence on the
detection of DA and further demonstrated that BSA-Cu NPs-
based fluorometric/colorimetric dual-channel sensing plat-
form possessed quite high specificity for DA detection.

3.8. Analysis of actual samples

Finally, to further verify the actual detection performance of our
developed nanozymes sensor, real human serum samples are
tested by using standard addition method. The serum samples
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are diluted 100 times with PBS (pH 7.0) before the measure-
ment. Experimental results obtained from proposed BSA-Cu
NPs-based fluorometric/colorimetric dual-mode nanosensors
are compared with those provided by traditional high perfor-
mance liquid chromatography (HPLC) method. As displayed in
Table 2, the detection results obtained by using both our fluo-
rometric mode and the colorimetric mode are in good agree-
ment with those obtained by using HPLC method. Besides, our
developed method shows satisfactory recoveries ranging from
98% to 103% by fluorometric mode and from 97.5% to 103.5%
by colorimetric mode. The results demonstrate that our
proposed method is highly accurate and reliable for DA detec-
tion in actual samples. Therefore, our established fluorometric/
colorimetric sensing platform possesses potential practical
application in early diagnosis of diseases.

4. Conclusions

In conclusion, a label-free dual recognition strategy driven
fluorometric/colorimetric dual-channel sensing platform for DA
detection is developed by integrating the dual properties of
fluorescence and catalysis of copper nanoparticles. In one
fluorometric mode, the addition of DA induces drastical
decrease of fluorescence intensity of BSA-Cu NPs located at
401 nm due to photo-induced electron transfer (PET) mecha-
nism. In other colorimetric mode, as the as-fabricated BSA-Cu
NPs exhibit high peroxidase-like activity, the introduction of
DA can inhibit the catalytic activities of BSA-Cu NPs nanozyme,
resulting in remarkable decrease of absorbance signal at
652 nm. Besides, by combining the test strips with smartphone-
assisted analysis, an intelligent DA recognition on-site is also
developed. Moreover, the developed dual-channel approach was
successfully applied in the detection of dopamine in real
samples. This work effectively expands the usage of boundary of
fluorescent copper nanoparticles and will hold the good
potential to be applied in bioanalysis and clinical diagnostics
fields.

Data availability

The datasets used and/or analyzed during the current study are
available from the corresponding author on reasonable request.
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