RSC Advances

RSC Advances

ROYAL SOCETY
OF CHEMISTRY

ROYAL SOCIETY
OF CHEMISTRY

This is an Accepted Manuscript, which has been through the
Royal Society of Chemistry peer review process and has been
accepted for publication.

Accepted Manuscripts are published online shortly after
acceptance, before technical editing, formatting and proof reading.
Using this free service, authors can make their results available

to the community, in citable form, before we publish the edited
article. This Accepted Manuscript will be replaced by the edited,
formatted and paginated article as soon as this is available.

You can find more information about Accepted Manuscripts in the
Information for Authors.

Please note that technical editing may introduce minor changes

to the text and/or graphics, which may alter content. The journal's
standard Terms & Conditions and the Ethical guidelines still

apply. In no event shall the Royal Society of Chemistry be held
responsible for any errors or omissions in this Accepted Manuscript
or any consequences arising from the use of any information it
contains.

WwWWw.rsc.org/advances



Page 1 of 8 RSC Advances

CDs TYR DOPA

The carbon dots/tyrosinase hybrids as fluorescent probe for detection of dopamine exhibits high
sensitive, stable, precise and low-cost.
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The carbon dots/tyrosinase (CDs/TYR) hybrid as fluorescent probe for detection of dopamine exhibits
high sensitive, stable, precise and low-cost. The detection limit of dopamine is as low as 6.0X 10 mol-L°
!, and the wide detection range is from 1.318 X 10* mol-L"! to 2.06 X 107 mol-L™". This kind of
fluorescent probe didn’t need the enzyme immobilization and modification, and the experiment results

can be revealed as soon as the probe-sample incubation was completed. More important, these test results

are comparable to that of the present clinical fluorescence detection and high performance liquid

chromatography (HPLC), and the results show the three methods were matched well.

1. Introduction

Dopamine is an important neurotransmitter in the brain, '

which is implicated in locomotion, reward and motivation.” In
spite of it is a simple organic chemical in the catecholamine and
phenethylamine families, dopamine plays a number of vital roles
in the brains and bodies of animals. The deficiency of dopamine
in the brain can cause in pathogenesis of neurological disorders
such as Schizophrenia, Huntington’s disease, and Parkinson’s
disease.”” Traditionally, high performance liquid
chromatography (HPLC) and capillary electrophoresis
techniques ® have been widely used for the determination of
dopamine. However, these methods need complicated pre-
concentration, time-consuming steps, high-cost instruments, and
sophisticated equipments, which tremendously limit their wide
applicability. Compared with these conventional analytical
techniques, fluorescent biosensor,” as a new class of detection
method, has caused a great deal of attention for the detection of
dopamine with high sensitivity. The semiconductor based
quantum dots (QDs) have been proven as powerful inorganic
fluorescent probes.'” For example, Yuan et al. used the CdTe
quantum dots as fluorescent indicator to test the dopamine, ' but
the potential high toxicity and poor biocompatibility were
inextricability. Therefore, it is highly desirable to find out a kind
of low toxicity and environmental friendly material to instead of
semiconductor QDs. However, to further improve the sensitivity,
specificity and simplify of testing procedures, a simple, high
sensitive, stable, and precise detection method for dopamine is
still a huge challenge.'

Fluorescence amorphous carbon dots (CDs) are superior in
terms of high aqueous solubility, robust chemical inertness, easy
functionalization, high resistance to photobleaching, low toxicity,
good biocompatibility, inexpensive and abundant
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materials.">™'® Base on these advantages, CDs play a great role in
a variety of bio-applications. To date, there are many reports
suggested that the CDs should be an excellent candidate for
biological imaging. '’ But there were few studies on the sensitive
detection of dopamine with CDs as a high sensitivity fluorescent
biosensor.

Herein, we report the CDs/tyrosinase (CDs/TYR) hybrid
(synthesis process shown in Scheme 1), as fluorescent probe,
exhibits high efficiency, sensitive, stable, precise and low-cost in
the detection of dopamine (DOPA). In present system, the
dopamine can be oxidized by TYR to form dopaminequinone,
which  subsequently quickly be oxidized to obtain
dopaminechrome in phosphate buffer (PB). During the process of
dopamine oxidation, the fluorescence of CDs could be efficiently
quenched due to their excellent electron accepting properties.
Using the CDs/TYR hybrid as fluorescent probe, the detection
limit of dopamine is about 6.0x10® mol-L"' and the linear
detection range is very wide from 1.318x10™* mol-L™ to 2.06x107
mol-L"'. Our further experiments confirmed that this kind of
CDs/TYR  hybrid fluorescent probe, without enzyme
immobilization and modification, could give the test results as
soon as the probe-sample incubation was completed. Notably,
these quantitative detection results of clinic samples are
comparable to that of the present clinical fluorescence detection
and HPLC methods.

This journal is © The Royal Society of Chemistry [year]
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Scheme 1. Synthesis process of CDs/TYR hybrids and as fluorescent
probes in the detection of DOPA.

2. Experimental Section

2.1 Instruments and Chemicals

Transmission electron microscopy (TEM) images were carried
out using a FEI/Philips Tecnai 12 BioTWIN TEM. The UV-
visible spectra were measured with an Agilent 8453 UV-VIS
Diode Array Spectraphotometer, while the electron acceptors and
donors capacity of CDs study was conducted with a Horiba Jobin
Yvon (FluoroMax 4) Luminescence Spectrometer. The Fourier
Transform Infrared (FTIR) spectrum of CDs was obtained with a
Varian Spectrum GX spectrometer. PL study was carried out on a
Fluorolog-TCSPC Luminescence Spectrometer. The human urine
samples use the HP Agilent 1100 Series HPLC.

Dopamine and TYR (845 U/mg) were purchased from USA
Worthington Biochimical Co. Ltd. Carbon rods (diameter of 5
mm) were purchased from Shanghai Moyang electronic and
carbon Co. Ltd. (Shanghai, China). Anhydrous ethanol (analytical
grade), polyethylene glycol (PEG 200), 2, 4-dinitrotoluene and N,
N-diethylaniline were purchased from Sigma-Aldrich. All other
chemicals used in this work were of analytical grade. Except the
specific statement, the detection buffer was PB buffer (pH=6.8,
0.05 M sodium phosphate). Milli-Q ultrapure water (Millipore, >
18 MQ cm) was used throughout.

2.2 Preparation of the CDs

All the chemicals were purchased from Sigma-Aldrich. In a
typical experiment, 3.0 g NaOH was added to a mixed solution of
50 mL PEG 200 and 10 mL distilled water to form a clear
solution. Then the mixed solution would become brown gradually
in the progress of electrolytic for 6 h. To remove the impurities,
the raw solution was given a dialysis treatment using a semi-
permeable membrane (MWCO1000). At last, the obtained
solution was changed to golden yellow color, implying we got the
CDs.

2.3 Adsorption Equilibrium Measurements.

In order to study the proton (H") adsorption capacity of CDs,
the concentration of 0.005 M HCI solution was selected to
investigate the adsorption behavior of CDs. Due to the excellent
water solubility of CDs, the adsorption experiments were

%
3

conducted with a dialysis method. The CDs solution was dialyzed
using a semi-permeable membrane (MWCO 1000) in a 600 mL
beaker, and the dialysate was 0.005 M HCl (500 mL). Notably,
the CDs were treated previously by dialysis method before using,
so CDs would not dialyze out of semi-permeable membrane. If
CDs have good adsorption behaviour of H', H" would gradually
cross semi-permeable membrane and dialyze into CDs solution.
After stirring on a shaker for predetermined time intervals, the
residual concentration of HCIl solution was determined by
titrating with 0.005 M NaOH solution.

2.4 Analytes Sensing by PL Detection

For all experience, the texts were repeated at least three times
in order to ensure the accuracy of the measurement. All of the PL
spectra  were recorded on the same fluorescence
spectrophotometer. The excitation wavelength was fixed at 370
nm with a scan rate of 5 nm/s. For the detection of DOPA, 500
pL of CDs solution was mixed with 20 mL of (0.2 mg/mL) TRY
solution, then the DOPA solutions with different concentrations
were added into the 2 mL of CDs/TRY mixture, after that the
mixed solution was diluted with PB to 4 mL incubated at 40 C
for 40 min. At last, the mixture was measured by fluorescence
spectrophotometer.

2.5 SDS-Polyacrylamide Gel Electrophoresis (SDS-PAGE).

Mixtures of CDs/TYR hybrids and the CDs were loaded onto
SDS polyacrylamide gels (20%) respectively and electrophoresed
at 50 mA under the air atmosphere. Imaging of gels by UV
illumination and visible light.

3. Results and Discussion
3.1 The Structure and Properties of CDs

Figure 1a shows the transmission electron microscopy (TEM)
image of the obtained CDs, revealing these CDs are uniform and
monodisperse with a diameter of 3.0 = 0.5 nm. These CDs can
well dispersed in water without further ultrasonic. Inset image in
Figurela is the digital photograph of CDs aqueous solution under
visible and UV (at 365 nm excitation) light, respectively, and the
green fluorescent color is easily observed by the naked eyes.
Fourier transform infrared (FTIR) spectroscopy was employed to
identify the functional groups of the as-prepared CDs (Figure 1b,
red line). The peaks around 3400, 1640, and 1080 cm’! are
respectively accordance with the vibrations of O-H, C=0, and C—
O bonds, which deduce that the surface of the obtained CDs were
occupied by hydrophilic groups (-OH and —-COOH) from PEG.
These hydrophilic groups led to the good water dispersibility of
CDs, which greatly widen their application in aqueous system.
The UV-vis absorption spectrum of CDs (Figure 1b, black line)
shows that the CDs have the absorption peak around 251 ~ 270
nm. The absorption band represents the typical absorption of an
aromatic pi system, which is similar to that of polycyclic
aromatic hydrocarbons.”’

2 | Journal Name, [year], [vol], oo—oo
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Figure 1. (a) Typical TEM image of CDs, insets are the digital photos of

CDs under visible and UV (365 nm) light. (b) UV-Vis absorption and

FTIR spectra of CDs. The PL spectra of CDs with different excitation
s wavelengths in the water (c) and PB (pH = 6.8) (d).

Figure 1c shows the photoluminescence (PL) spectra of CDs
with different excitation wavelengths in water. The strongest
emission peak located at 500 nm with the excitation wavelength
at 400 nm. With increasing the excitation wavelengths from 300
10 to 420 nm, the emission spectra from CDs were gradually red-
shifted to higher wavelengths accompanied with decreased
fluorescence intensity, which is similar to the reports previously.
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Figure 2b reveals the effect of different pH on the fluorescence
intensity of CDs and its fluorescence intensity was pH dependent.
Under strongly acidic (pH < 6.0) or alkaline (pH > 9.0) condition,
the PL of CDs was quenched. Whereas the CDs show the
strongest PL emission intensity when the pH value was at 8.0,
which is similar to the physiological pH environment (pH = 7 ~
8). These results make the CDs with excellent fluorescence
properties can be regarded as good candidates for potential
biological applications. Figure 2c displays the effect of
stabilization time on the PL intensity of CDs, showing that the
CDs were very stable over 6 h in air. Figure 2d shows the
influence of different ionic strength in NaCl aqueous solution on
the PL intensity of CDs, as shown, there was no obvious change
on PL intensity even in aqueous solution with high ionic strength
(2 M NaCl).

In the followed experiments, the PL quantum yield of CDs was
about 38% and the result was obtained according to the Williams
method.?* Typically, quantum yield of CDs was measured
according to the established procedure by using quinine sulfate in
0.10 M H,SO, solution as the standard. The absorbance was
measured on a Perkin Elmer LS 55 Spectrophotometer. Absolute
values are calculated according to the following equation:
mn
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2023 1) the followed PL test, the detailed PL spectra of CDs in PB s
(pH = 6.8) were also investigated with different excitation

1s wavelengths. As shown in Figure 1d, in PB, the optimal
excitation wavelength was obtained at 370 nm with the strongest
emission peak at 460 nm. These results indicated that the CDs
possess stable and strong fluorescence in PB solution, which may ¢
serve as an excellent fluorescent probe for bio-detection

a

Where, Q is the quantum yield, m is the slope of the plot of
integrated fluorescence intensity vs absorbance and n is the
refractive index (taken here as 1.33, the refractive index of
distilled water). The subscript refers to the reference fluorophore,
quinine sulphate solution. In order to minimize re-absorption
effects, absorbance in the 1 cm quartz cuvette was kept below
0.15 at the excitation wavelength of 375 nm. All of above results
revealed that the fluorescence of CDs are extremely stable under

S
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solution.

Figure 3. (a and b) Photoluminescence quenching spectra (485 nm
excitation) of the CDs in toluene without and with the quenchers (2,4-
dinitrotoluene and DEA, both 0.05 M). (¢ and d) Photoluminescence

70 decays (485 nm excitation, monitored with 550 nm narrow bandpass
filter) of the CDs with 2, 4-dinitrotoluene and DEA, respectively. Inset:
Stern—Volmer plots for the quenching of photoluminescence quantum
yields (485 nm excitation) of the CDs by (c) 2, 4-dinitrotoluene and (d)
DEA.

»s  To further confirm the fluorescence stability of CDs, the
effects of different temperature, pH, stabilization time and ionic
strength in NaCl aqueous solution on the PL intensity of CDs
were performed in PB solution. As shown in Figure 2a, when the
temperature increased from 10 ‘C to 60 C, it was found that the

30 PL intensity of CDs was almost the same, which indicated that
the temperature has no obvious effect on the PL intensity of CDs.

This journal is © The Royal Society of Chemistry [year] Journal Name, [year], [vol], oo—oo0 | 3
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The followed experiments indicated that the CDs could act as
both electron donors and electron acceptors under visible light.
Figure 3 shows the photoluminescence decays (485 nm excitation,
monitored with a 550 nm narrow bandpass filter) of CDs, which
were quenched by the known electron donor N, N-diethylaniline
(DEA, 0.88 V vs. NHE) and electron acceptor 2, 4-dinitrotoluene
(0.9 V vs. NHE, the full fluorescence spectra are shown in
Figure S1), with the observed Stern—Volmer quenching constants
(Ksv =tF°kq) from linear regression of 35 M and 20 M,
respectively. The above results imply that the PL of CDs can be
quenched highly efficiently by either electron acceptors or
electron donors clearly, which confirm that CDs are excellent as
both electron acceptors and electron donors.

3.3 The Proton (H') Adsorption Capacity of CDs

To testify the proton (H') adsorption capacity of CDs can
affect the detection of DOPA, the proton adsorption experiments
with the CDs were investigated. Due to the CDs are full of
functional groups, such as -OH, -COOH and -C=O on the
surface, we suspected that the uncontrolled hydrophilic groups of
CDs may help to draw the H' closer to the surface of CDs, which
are good for enhancing the adsorption capacity.” 2 On account
of the excellent water solubility of CDs, the adsorption
experiments were conducted with a dialysis method (see
experimental section for details). The amount of adsorbed HCI, O
(mg/g) was calculated by the following equation:

(Cy-CorV
T ooow

Where C, and C, are the initial and equilibrium concentration
(mg/L), respectively, V is the volume of HCI solution (mL) and
W is the weight (g) of CDs adsorbent. Figure 4 shows the
dependence of contact time on removal of H' by CDs, from
which the adsorption of H" was extraordinary rapid in the first 4
min, then gradually increased as the prolongation of contact time.
After 6 min of adsorption, the amount of H' remains constant,
which suggests that 6 min is the equilibrium time in this
adsorption experiments. And the amount of adsorbed H' (based
on the quality of HCl) was calculated about 12.4 mg/g for CDs.
These results indicated the CDs possess absorption capacity of
H', which could promote the detection of DOPA and shorten the
testing time of DOPA.
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Figure 4. Dependence of contact time on removal of H' by CDs.
3.4 The Properties and Characterization of the Hybrids

To further explore the interaction between CDs and TYR in the
CDs/TYR hybrids catalysts, the two components were mixed in
solution and the resulting hybrids were separated by SDS-PAGE

45 (sodium dodecyl sulfate polyacrylamide gel electrophoresis).
Figure 5a shows that the hybrids did not stain the SDS-PAG
Egels under visible light because CDs and CDs/TYR are
colorless. Figure 5b shows that the CDs and TYR formed stable
complexes. Illumination under UV light allowed for visualization

so of the CDs within the complexes, which showed that CDs are
more mobile than the TYR/CDs hybrids (Figure 5a, lanes A and
B, CDs and CDs/TYR, respectively). This effect was due to an
increase in the hydrodynamic radius of the CDs upon adsorption
of the PPL. As shown in Figure Sc, we found that the PL

ss spectrum of the CDs (red trace) was the same as the PL spectrum
of the CDs/TYR hybrid (black trace). This leads us to believe that
CDs are connected to the TYR by non-covalent bonds.
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Figure 5. SDS-PAGE of the CDs (lanes A) and CDs/TYR hybrids (lanes

60 B) was used to separate mixtures on 20% gels. Gels were photographed
under (a) visible light and (b) UV illumination. (¢) The PL spectra of
CDs/TYR (black trace) and CDs (red trace) in the PB solution,
respectively.

To prove the PL of CDs could be efficiently quenched by

s dopaminechrome, the fluorescence spectra of different samples

were performed. Figure 6 shows the fluorescence spectra of CDs

(black line), CDs in the presence of 0.13 mM DOPA (CDs-Dopa,

red line), CDs in the presence of 20 mg mL"' TYR (CDs-TYR,

blue line), and CDs in the presence of a mixture containing 20 mg

20 mL™! TYR and 0.13 mM DOPA (CDs-TYR-Dopa, green line). As

shown, the PL of CDs was almost the same after mixing with

DOPA (red line) and TYR (blue line), respectively. But when the

CDs were in the presence of a mixture containing TYR and

DOPA, the fluorescence of CDs was quenched efficiently (green

75 line). The results demonstrate that the CDs/TYR hybrids can
efficiently quenched the PL of CDs.
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Figure 6. The fluorescence spectra of CDs (black line), CDs in the
presence of 0.13 mM DOPA (CDs-Dopa, red line), CDs in the presence
of 20 mg mL" TYR (CDs-TYR, blue line), and CDs in the presence of a
mixture containing 20 mg mL"' TYR and 0.13 mM DOPA (CDs-TYR-
Dopa, green line).

w

As well known, in present system (TYR-Dopa), the
dopaminequinone produced from the TYR-catalyzed oxidation
will be converted by a rapid spontaneous auto-oxidation to
dopaminechrome, which has a strong absorption at 470 nm (UV-
vis spectrum of dopaminechrome, Figure 7a).?’” Figure 7b reveals,
with excitation at 370 nm, the CDs show the emission band from
400 nm to 650 nm was observed and the strongest emission at
about 460 nm. Simultaneously, the absorbent peaks of
dopaminechrome from 350 to 650 nm and the stronggest
15 absorption is at 470 nm. Therefore, the PL of CDs can be

quenched efficiently by DOPA in present of TYR. Besides,

during the DOPA oxidation catalyzed by TYR, as shown in

Figure 7c, 2H" and 2¢ should be involved, which may also

promote the PL quenching of CDs (CDs are excellent as both
2 electron donor and electron acceptor under visible light, see

Figure 3, and they also have the proton (H") adsorption capacity,

see Figure 4).
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Figure 7. (a) UV-vis absorption spectrum of dopaminechrome. (b) The

25 superposed graphs of dopaminechrome UV spectrum and CDs PL
spectrum. (c) Schematic illustration from DOPA to dopaminechrome
during the detection process.

It should be noted that, in present hybrid probe system, many
assay conditions would affect the detection results. To search an
30 optimal detection conditions for DOPA, different parameters,
such as enzymatic factor, temperature, pH value and incubation
time, have been investigated. Firstly, the different concentrations
of enzyme were selected, and found that when the concentration
of TYR was 20 mg mL", the quenching effects reached the
35 maximum as show in Figure 8a. The optimal pH, temperature and
response time on the quenched PL efficiency in the presence of
0.13 mM DOPA were also discussed. Figure 8b shows when the
pH was changed from 5.0 to 8.0, the ratio Iy/I was different, and
the optimum pH was 6.8. Due to the quenching fluorescence
40 intensity of CDs was best in the 6.8, the pH 6.8 was chosen as the
favorable pH for the detection of DOPA. Figure 8c reveals that
the quenching effect reaches the maximum at 35 C. So the
optimal incubation temperature was 35 ‘C. Figure 8d reveals that
when the incubation time reached 40 min, the signal response

ss sustained a stable value. So the optimal incubation time was 40
min. Therefore, all further detection experiments were performed
at 35 °C, pH 6.8 and an incubation time of 40 min.

1554 Q 16 b
[
1.50 14 '
= 12
Sas ' )
1.0
140
08
.
135 e
o 10 20 30 40 50 60 70 5.0 55 6.0 65 70 75 8.0
TYR(ug mL~) pH
16 c 16 d
12 18
> 14
S o0s 2
13
0.4
12
0.0
10 20 30 40 5 60 70 10 20 _30 40 50 60 70
Temperature(C) Time(min)

Figure 8. The effects of different TYR concentration (a), pH (b),
so temperature (c) and incubation time (d) on the quenched efficiency of the
CDs in the presence of 0.13 mM DOPA and 20 mg mL™"' TYR.
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Figure 9. (a and b) The normalized fluorescence spectra of CDs
containing 20 mg mL" TYR upon addition of different concentration of

ss DOPA from top to bottom. (¢ and d) The linear response of the quenching
efficiency Iy/I of the CDs vs. concentrations of DOPA.

In the followed experiments, under the optimal detection
condition (35°C, pH 6.8, incubation time of 40 min), the
quantitative detection of DOPA was carried out. In present

o system, when the DOPA are detected by a solution containing
CDs and 20 mg ml™' TYR, the PL intensity of CDs was difference
between the absence and presence of analytes changes linearly
with different concentrations. Therefore, the plot of DOPA
exhibits good linearity. Figure 9 shows the PL of CDs was

ss quenching under the concentrations of DOPA from 1.318X10*
mol-L™! to 2.06X 107 mol-L™!. The ratio I/I (I and I are the PL
intensity of CDs in the absence and presence of analytes,
respectively) was proportional to the DOPA concentration. Figure
9a and 9c show that the PL of CDs was quenching under the high
concentrations of DOPA and the linear regression equation being

Tp/T =1.089+2653.11Cpppa (R, = 0.995), and the detection range

is from 1.318 X 10" mol'L" to 8.239X 10 mol-L"". As shown in

Figure 9b and 9d, the PL of CDs was quenching under the low

concentrations of DOPA and the other regression equation was

75 Io/I =1.066+5756.07Cpopa (R, = 0.975), and its detection range
was from 8.239 X 10 mol'L" to 2.06 X 107 mol'L". So the

=
=]
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detection rang of DOPA is 1.318 X 10™ mol-L™" to 2.06 X 10~
mol-L"' and the detection limit of DOPA is 6.0X 10" mol-L™".
The experimental data revealed that the minimum detectable
concentration of DOPA (2.06X 107 mol-L") is lower than that
determined for the CdTe QD gel (5.0 X 10° mol-L™)."" The
lowest detection limit and wide detection range proved that the
CDs are an excellent candidate for fabrication PL biosensor for a
variety of phenolic compounds.

1.6
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%1.0-

=03
0.6-
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0.0

Figure 10. The effects of guest molecules (10 mM) to 0.13 mM DOPA
on the PL of CDs containing 20 mg mL™"' TYR.

In order to further evaluate the specificity of developed
biosensor for DOPA, many kinds of metal ions, anions, amino
acids, carbohydrate, phenol and cresol were selected. Figure 10
shows that for the glucose, levulose, lactose and maltose, the 1o/l
displays a little influence on DOPA detection. For the phenol and
cresol, the results also exhibit little influence on DOPA detection
even at the 10 times higher concentration than that of DOPA,
intimating the high specification. But the amino acids, typical
metal ions and some anions showed minimal affection in DOPA
determination. These experimental results show that the CDs can
serve as new fluorescence probes for reliable and highly selective
DOPA monitoring.

7000 B2 This method 3
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Figure 11. (a) The comparison of detection DOPA in urine using the
fluorescence probe (CDs/TYR hybrid and clinical sample) method and
HPLC method. (b) The typical time course of normalized fluorescence
intensity of the CDs/TYR hybrid (same sample) for the detection of
DOPA. (c) The lifetime of the CDs/TYR hybrid as fluorescence probes at
4 "C. (d) The lifetime of the CDs/TYR hybrid as fluorescence probes at
room temperature.

The DOPA concentration in urine samples of healthy subjects
is between 100 and 400 mg/24 h.* Hence, with the detection limit

of 60 nM, this sensor could be applied for detecting DOPA in

35 urine, and the present sensor system may be applied for DOPA
analysis in biological assays. Notably this detection method based
on CDs could be directly used in real situation for its high
sensitivity and selectivity. In our further study, we detected five
human urine samples by this developed method. The human urine

40 samples were provided by the Peking Union Medical College
Hospital. All measurements were performed in PB, pH = 6.8,
incubated at 35 ‘C for 40 min. Samples 1~5 are the five different
human urine samples with different DOPA concentration.
Meanwhile, the same five human urine samples were also

ss detected by the clinical detection method (HPLC) and
fluorescence detection method. We can found that the results
obtained by the three methods were matched well shown in
Figure 11a.
To further testify the hybrids fluorescent probes are high stable,
so we tested a series of stability experiment for the hybrids
fluorescent probes. Figure 11b exhibits after 70 min the
fluorescence intensity of the tested sample was essentially
unchanged. Figure 11c shows that the probes were stored at 4 ‘C
after 90 days, which still accurately test the samples. As shown in
the Figure 11c when the probes were stored at room temperature
after 3 days, which also can still test the urine samples, and the
fluorescence intensity of the tested sample was little changed.
These results revealed that the hybrids fluorescent probes are
high stable, and the simple, quick and inexpensive method could
0 be successfully applied in detecting DOPA in urine samples. Here
we want to further point out that, compared with other methods,
our method not only has excellent repeatability, but also has a
wider linear range in most cases and high accuracy. If the PL
quantum yields of CDs increase, the lower detection limit and

s wider detection range will be obtained. Also, more novel
biosensors based on the assembly of CDs with redox enzymes
could be expected for the high sensitive detection of other
biomolecules and medicament.

w
b

4. Conclusion

70 The CDs were successfully obtained by NaOH and
polyethylene glycol (PEG 200) mixed solution of refluxing for 6
h at 120 ‘C. The CDs combined with TYR as fluorescent
biosensor can efficiently detect and analyze the concentration of
DOPA. This kind of hybrid fluorescent probe is high efficiency,

75 sensitive, stable, precise and low-cost in the detection of DOPA.
The detection limit of DOPA is 6.0x10®° mol-L' and the
detection range is very wide from 1.318x10™* mol-L™' to 2.06x10"
" mol-L™". More important, the present fluorescent probe didn’t
demand enzyme immobilization and modification, and the test

so results can be read as soon as the probe-sample incubation was
completed. Furthermore, in present system, the test results are
comparable to that of the present clinical fluorescence and HPLC
methods, and the results show the three methods were matched
well. Our results indicated that the CDs offer great potential in

ss the development of various enzyme-based biosensors and
portable sensing devices.
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