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The C3N4-tyrosinase (TYR) hybrid, as a fluorescent probe, is highly accurate, sensitive and simple for the detection ¢~
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Dopamine (DOPA). Under the optimized conditions, the relative fluorescence intensity of C3N,-TYR is proportional to th~

DOPA concentration in the concentration range from the 1x10” to 3x10® mol L™ with correlation coefficient of 0.995.

the present system, the detection limit is achieved to 3x10° mol L. Notably, those quantitative detection results of ¢'i=i~

samples are comparable to those of the high performance liquid chromatography methods. Moreover, the enzyme-

encapsulated C3N,4 sensing arrays on glass slide and test paper were performed, which reveals the sensitive sensing -~

excellent stability. The results reported here provide a new approach to design multifunctional nanosensor for the

detection of bio-molecules.

Introduction

Dopamine (DOPA) is an important neurotransmitter and
hormone for people and animals in the catecholamine and
phenethylamine families, ! which is implicated in locomotion,
reward and motivation.” If the deficiency of DOPA in the brain
beyond the normal that will in pathogenesis of
neurological disorders such as Parkinson’s
Schizophrenia and Huntington’s disease.>™® Therefore, this has
sparked significant interest for the development of detection
methods for DOPA. Various analytical methods such as high
performance liquid chromatography (HPLC) and
electrochemical techniques have been used for the detection
of DOPA.’ However, these methods need complicated pre-
concentration, time-consuming steps, high-cost instruments,
and sophisticated equipment, which tremendously limit their
wide application. Therefore, an easy, exact and fast method
for the detection of DOPA is highly needed.
Compared with conventional analytical
fluorescent biosensor, 8 as a new class of detection method,
has caused a great deal of attention for the detection of DOPA
due to its high sensitivity, low cost and practicality. As known,
the practical fluorescent biological probes should satisfy three
points as follows: firstly, the emission spectroscopy of
biosensor must match the absorption spectrum of
dopaminechrome (products of oxidation by the enzyme).
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Secondly, the fluorescent sensor material should have the
proton (H') adsorption and/or electron acceptors abilit: .
Thirdly, the fluorescent sensor material should possess low
toxicity and biocompatibility. Recently, the semiconductc.
based quantum dots (QDs) are regarded as powerful inorgan’.
fluorescent probes.9 For example, Yuan et al. used the CdT_
quantum dots as a fluorescent indicator to detect the DOP".
(detection limit: 0.05 pM, detection range: 50-1000 pM).
However, the potential toxicity, and poor biocompatibility lim’.
its further practical applications.11

C3N, has attracted more attention due to the eas
preparation, high quantum vyield, non-toxicity, low cost, goou
biocompatibility and excellent photostability. 117 particularlv
the N-contain-structure make it possess strong proton (.
adsorption ability, which is helpful for the fluorescent
biosensor design towards the high sensitive detection of
DOPA. Herein, we report the C3;N,-tyrosinase (TYR) as 1
fluorescent probe (C5N,-TYR), which exhibits high accuracv.
sensitivity, and simple for the detection of DOPA. In the
detection system, the DOPA can be oxidized by TYR to fori
dopaminequinone, which subsequently quickly be oxidized to
dopaminechrome in phosphate buffer (PB). The absorptio
spectrum of dopaminechrome has heavy overlap with the

\

fluorescence spectrum of C5N, which significantly quenche |
the fluorescence of C5;N,. Based on the C3N,;-TYR fluorescent
probe, good linear correlations were obtained in th:
concentration range from 1x10° to 3x10® mol'L™ with the
detection limit of 3x10® mol L™ for the detection of DOP/ .
Notably, the quantitative detection results of clinic sample.
are comparable to those of the high performance liqui .
chromatography (HPLC) method. Moreover, the C3N,-TYi.
sensing arrays on glass slide and test paper were successfu..,
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performed, which reveals the sensitive sensing and excellent
stability.

Experimental
Chemicals

Urea and melamine were purchased from Sigma-Aldrich.
Tyrosinase (TYR, 845 U/mg) and dopamine were purchased
from USA Worthington Biochimical Co. Ltd. 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
mol L™ sodium phosphate). Milli-Qultrapure water (Millipore,
= 18 MQ cm) was used throughout.

Characterization

Transmission electron micrographs (TEM) were taken on a
FEI/Philips Tecnai G2 F20 (200 kV) TWIN TEM. Scanning
electron microscopy (SEM) images were obtained using FEI-
quanta 200 scanning electron microscope with acceleration
voltage of 20 kV and coupled with an energy-dispersive X-ray
analysis (EDX) spectrometer. The Fourier transform infrared
(FTIR) spectra were obtained with a Bruker Fourier Transform
Infrared Spectrometer (Hyperion). Photoluminescence (PL)
study was carried out on a Horiba Jobin Yvon (FluoroMax 4)
Luminescence Spectrometer, while UV-Vis spectra were
obtained with an Perkin Elmer Lambda 750
spectrophotometer. Powder X-ray diffraction (PXRD) data
were collected on an X‘Pert-ProMPD (Holand) D/max-y AX-ray
diffractometer with Cu K, radiation in a flat plate geometry.
Atomic force microscopy (AFM) measurements were
performed on Veeco Multimode V Atomic Force Microscope.
The scans were performed in the tapping mode, using a silicon
tip. The Brunauer-Emmett-Teller (BET) specific surface areas
and pore size distributions were calculated by plotting the
adsorption isotherm of N, at liquid N, temperature (77 K).
These measurements were made on Micromeritics ASAP 2050
porosimeter. DOPA detection using high-performance liquid
Chromatography (HPLC) was conducted on HP Agilent 1100
Series HPLC.

Synthesis of C3N,

The C3N, power was obtained by directly heating the urea in a
semi-closed system with one-step heat treatment. 5 g urea
was added in a crucible. Then the crucible was directly heated
to 550 °C at a rate of 5 ‘C min' and then kept at this
temperature for another 3 h in a muffle furnace.'®

Synthesis of nonporous-C;N, (g- CsN,)

The g-C5N; was prepared according to the literature.” The
nonporous-C;N, power was obtained by directly heating the
melamine in a semi-closed system with two-step heat
treatment. Typically, 10 g of melamine was put into an crucible
with a cover and first heated at a rate of 20 °C min" to 500 °C
ina muffle furnaceand kept at this temperature for 2 h. Then
deammonation treatment was conducted at 550 °C for 2 h (at
a arate of 20 °C min™).

Preparation of C;N,-TYR

2| J. Name., 2012, 00, 1-3

In a 50 mL glass tube, the obtained C;N, (0.0168 g), 20 ml
phosphate buffer (PB, 0.05 mol LY pH = 6.8) and enzyme
tyrosinase (TYR, 0.04 g) were added. The mixture was stiri

at 4 'C for 24 h in cold water bath. Then the mixture we

centrifuged (10000 rpm, 30 min) and washed with PB solutio:

for several times. At the same time, the wet C3N4-TYR pow-e~
was lyophilized by the freezedryer. Finally, 0.05 g freeze-dryir :
C3N,-TYR powder was added in 5 mL PB solution, the C3N,-TYK
solution (0.01 g/mL) was prepared.

Analysts Sensing by PL Detection

For all tests and reactions, the experiments were repeated a
least three times to ensure the accuracy of the measuremen_.
All of the PL spectra were recorded on a fluorescenc-
spectrophotometer. The emission spectra were recorder
under the excitation wavelength of 390 nm. For the study o*°
the quenching effect of dopamine on TYR-encapsulating C5N,
0.2 mL TYR-encapsulating C;N, was mixed with phosphat
buffer (3 mL). Then the dopamine solutions with different
concentrations were added into the mixture. Finally, u.c
mixture was incubated at 35 ‘C for 40 min for
measurements.

C3N;-TYR Sensing Arrays on Glass Slide

The prepared C3N4-TYR (2 pL, 0.01 g/mL) was dropped on glass
slides, dried by evaporation, and stored at 5 “C. For the analy: .
sensing, dopamine solution (2.5 pL) of various concentrations
were dropped on the sensing arrays and left to interact for
min. Fluorescence of the sensing array was observed unde
excitation with 365 nm light of a UV lamp.

C3N;-TYR test paper

The filter papers were immersed into the solution of C3N4-TYR
(0.003 g/mL). Then dopamine of different concentration we :
dropped on the filter paper and stored for 40 min at 4 C.
Fluorescence of the test paper was observed under excitatio
with 365 nm light of a UV lamp.

Adsorption Equilibrium Measurements

In order to study the proton (H*) adsorption capacity of CsN,,
the same concentration 0.005 M HCI solution was selected to
investigate the adsorption behaviour of C3N,. Because of th
water solubility of C3N, the adsorption experiments were
conducted with a dialysis method. The C3N, solution was
dialyzed using a semi-permeable membrane (MWCO 1000) in 1
1000 mL beaker, and the dialysate was 0.005 M HCI (600 mL)
Notably, the C3N, was treated previously by dialysis metho !
before using, so, CsN, would not dialyze out of semi-
permeable membrane. If C3N, has good adsorption behaviou -
of H', H" would gradually cross semi-permeable membrane
and dialyze into C3N, solution. After stirring on a shaker fc -
predetermined time intervals, the residual concentration ot
HCI solution was determined by titrating with 0.005 M NaO |
solution.

Data Normalization Method

In order to make the data referenceable, all of the PL spec*
were normalized. The peak intensity of PL spectra at 440 n~

This journal is © The Royal Society of Chemistry 20xx
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was selected as a standard. For detecting the dopamine, the
normalized intensity was the ratio of | and |, where | and |, are
the PL intensities of the C3N, in the presence and absence of
dopamine, respectively. For investigating the effect irradiation
time, temperature, ionic strength and pH to the stability of
C3N,4, and studying the influence of temperature, pH values
and incubation time on the reaction system, the normalized
intensity was obtained by using the maximum intensity of
measurement as reference.

The Detailed Analysis of Michaelis-Menten Equation

In order to test the enzyme activity, Michaelis-Menten analysis
was performed. The classic Michaelis-Menten mechanism
provides a highly satisfactory description of catalytic activities
for large ensembles of enzyme molecules. It yields the
relationship between the initial velocity (V) and the substrate
concentration [S].

[S]Vinax
[S]+ Kp

Where, V. is the maximum velocity of the enzymatic
reaction and K,, is the Michaelis constant representing the
concentration of substrate at half of the maximum velocity.

1_Km 1 1
V  Vpax [s] Vma

X

By plotting 1/V with 1/[S], the ordinate intercept of the
obtained graph is equivalent to the inverse of V,.; the
abscissa intercept of the graph represents -1/K,,. Thus, both
Km and V., values can be calculated.

Results and Discussion

As shown in Figure 1A, the typical TEM image indicates that
the obtained C3N, has a thick-layered structure. While
Scanning Electron Microscope (SEM) image (Figure S1A)
further shows the loose and soft agglomerates with a size of
several micrometers. The inset in Figure S1A (the energy-
dispersive X-ray (EDX) spectrum) indicates the ratio content of
C elements and N elements is about 3:4, further confirming
the formation of C3N,. The XRD pattern of C3N, is shown in the
inset of Figure 1A. The strong peak at 27.57° is the
characteristic interlayer stacking peak of aromatic systems,20
which is indexed for graphitic material as the (002) peak and
corresponding to the inter-player d-spacing (0.324 nm) of
C3N,. While the weak peak at 13.14° is due to the interlayer
stacking, which is indexed as (100) and corresponding to an
interlayer distance of d = 0.675 nm." 2 Uv/Vis absorption
spectrum (Figure S2, black line) indicates the absorption edge
of the obtained C3N, around 460 nm, corresponding to the
intrinsic band gap of C3N,; (2.7 ev).? = Figure S2 (red line)
shows the FTIR spectrum of C3N,. The peak at around 3500 cm”
! corresponds to the N-H stretching. Several bonds in the 1200-
1650 cm™ region are associated with the typical stretching
modes of C-N heterocycles.u'28 While the bond at 810 cm™ is
corresponding to the characteristic breathing mode of the

This journal is © The Royal Society of Chemistry 20xx
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- .. 29, 30
triazine units.

Further, Brunauer-Emmett-Teller (BET)
surface area, adsorption and the pore size distribution were
analyzed. Nitrogen adsorption and desorption isotherms ~

C3N; is shown in Figure 1B. The result displays that th-
isotherm is a Type IV isotherm with a hysteresis loop, which !

31,32 . .
The inset i»

characteristic curve of mesoporous structures.
Figure 1B displays the pore size distribution of C3N,; from tk :
desorption branch using the BJH model, which mainly
distribute at about 34 nm, and have a broad peak at 10-70 nn .
The BET specific surface area of C5N, is measured to be 103.4
m? g'l. The morphology of C3N, and C3N,-TYR is furthe s
observed on AFM, and the images are shown in Figure 1C ana
1D respectively. In Figure 1D, the Elliptically-shaped features
with sizes of about 10 nm, which is consistent well with thc
shape and size of TYR.**3* The SEM image of C3N,;-TYR (show .
in Figure S1B) also shows the round-shaped or elliptically
shaped of C3N,;-TYR, further implying that enzyme (TYR) hz
been successfully encapsulated to the C3Nj,.
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Figure 1. (A) Transmission electron microscopy (TEM) image, X-ray diffraction (XR™"

pattern (shown as the green overlay at the bottom portion of the panel) of C3N,. ™!
Nitrogen adsorption-desorption isotherms for C3N, from 0 to 1 bar at 77 K, inset is the
Corresponding pore size distribution of C3N;. (C) Atomic force microscopy (AFM)
images of C3N4 and (D) AFM images of C3N,-TYR (Green circle is TYR).

To study their stability, C3N,-TYR was washed v
phosphate buffer thoroughly. After washing, the supernatar
displays no obvious enzyme catalytic activity on the DOP,
(TYR-catalyzed oxidation of DOPA, see Figure 2A), whereas th
high enzyme catalytic activity in C3N4-TYR is well maintainec.
Figure 2B shows absorption spectra of DOPA after washing an
storage for 25, 31, 73, 83, 130, 142 and 202 h. It can be see.
that it has no distinct change even after storage for 202
which suggests that C3N, offers a good way to encapsulate TY.
so as to keep the enzyme activity for a long time. To furthe-
confirm the increased enzyme activity in the C5N, is due to th.
large surface area and the porosity of CsN4;, a contro!
experiment is carried out, g-C3N, with small surface area of ’
m? g'1 (prepared by directly heating the melamine, see Figure
2C) is used to fabricate the C3N,-TYR hybrid instead of the
porous CsNy. It is found that nonporous-C5N,-TYR hybrid a.._.

J. Name., 2013, 00, 1-3 | 3
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washing shows no obvious enzyme activity on the DOPA
(shown in Figure 2D). Therefore, it can be concluded that C3N,
with the large surface area and the porosity could provide an
excellent matrix so that the enzyme activity can be well
maintained.

—— supernatant after washing
—— supernatant before washing 0.9
0.6, — CNTYR

300 400 500 600 700 300 400 500 600 700

Wavelength (nm) Wavelength (nm)
Cc Do.
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Figure 2 (A) Absorption spectra of dopamine after incubation with supernatant before
and after washing the C3N4-TYR, C3N4-TYR just after washing (35 C, pH = 6.8). (B)
Absorption spectra of dopamine after incubation with C3N,-TYR after washing and
storage for 25, 31, 73, 83, 130, 142 and 202 h (35 C, pH = 6.8). (C) Nitrogen
adsorption-desorption isotherms g-CsN, from 0 to 1 bar at 77 K, inset is the TEM image
of nonporous-C3N;. (D) Absorption spectra of dopamine after incubation with
supernatant before and after washing the nonporous-CsN,-TYR (g-C3N4-TYR),
nonporous-C3N,-TYR (g-C3N4-TYR) just after washing (35 'C, pH = 6.8).

To further test the enzyme (TYR) catalytic activity of C3N,-
TYR system, Michaelis-Menten analysis was performed. As
shown in Figure 3A, the Michaelis—Menten behaviour could
clearly be observed. Michaelis constant of C3N,-TYR (0.448
mmol L'l) is about 1.4 times of that of the free enzyme (0.32
mmol L'l). The maximum velocity of TYR in the C3N, (0.25
mmol L per min) is 92.5% of that of free TYR. It can be
concluded that C3N, provides a good matrix to encapsulate
TYR without obvious structural changes and allows for
relatively fast diffusion of substrate to the enzyme, which may
be contributed to the large surface area and the porosity of
CsN,.

As discussed above, the highly efficient fluorescent
biosensor for DOPA detection should have stable emission, a
suitable PL spectrum (match the absorption spectrum of
dopaminechrome) and good proton adsorption ability. In the
following study, we investigated the influence of irradiation
time, temperature, ionic strength and pH on the fluorescence
intensity of C3N,4. As illustrated in Figure S3A, PL intensity of
C3N, is very stable with no obvious photobleaching loss after
irradiation with the Hg-lamp (365 nm) for even 10 h. Figure
S3B displays the effect of temperature on the normalized
fluorescence intensity of C3N, in the PB solution. It can be seen
that when the temperature increases from 10 to 50 ‘C, the PL
intensity of C5N, is almost the same, which indicates that the
temperature does not affect the PL intensity of C3N,. In order
to study the effect of ionic strength on the fluorescence
intensity of C3N,, the NaCl solution with ionic strength from 0.2
to 2.0 mol'L™ was added into solution at room temperature

4| J. Name., 2012, 00, 1-3

(Figure S3C). The results showed that the fluorescence
intensity of C3N, did not change even in aqueous solution with
a high ionic strength (2 mol L™ NaCl). The effect of pH on
fluorescence intensity of C3N, was also studied. As can be see*
from Figure S3D, no apparent change of fluorescence intensit:
of C3N, is observed in the pH range of 2-12, indicating pH has ~
little effect on the fluorescence intensity of C3N,. From abov :
discussion, it can be concluded that C3N, can keep stable
under Hg-lamp irradiation, high temperature, high
strength and strong acid or strong alkaline environment, which
makes it a potential fluorescent probe candidate for th:
detection of bio-molecules. In the following studies, the
proton adsorption experiment of C3N, was also investigatea.
The adsorption experiments were conducted with a dialys.s
method (see experimental section for details). The amount ¢
adsorbed HCI, Q (mg/g) was calculated by the followin_
equation:

ion :

Q_(CO_Ce)V
1000w
Where C, and C. are the initial and equilibri

concentration (mg/L), respectively, V is the volume of HCI
solution (mL) and W is the weight (g) of C5N, adsorbent. *°
adsorption behaviour of C3N; was conducted at the sam
condition, and the concentration and volume of C;N, solutior
were same. Figure 3B shows the dependence of contact tim
on removal of H* by C3N, from which the adsorption of H we s
extraordinary rapid in the first 24 min, then gradualiv
increased as the prolongation of contact time. After 30 min ¢~
adsorption, the amount of H® remains constant, which
suggests that 6 min is the equilibrium time in this adsorptio i
experiments. And the amount of adsorbed H* (based on the
quality of HCI) is about 13.12 g/g. These results indicate thi ¢
C3N, possesses absorption capacity of H*, which makes C3Na
more sensitive for the DOPA detection.

1
. S —— E 6000 B
® TYRandCN, 5 “
e / 12
] =
g ) 10
E 2 s
== (<]
- 6
4
2
o
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Figure 3 (A) Line weaver-Burk analysis of the enzymatic kinetics of free TYR and TYR 1.
the C3Nj. The concentrations of DOPA were 1.0, 1.5, 2.0, 2.5, 4.0, and. 5 mmol L
Phosphate buffer (0.05 mol LY pH = 6.8); incubation time 2 min. (B) Dependence . *
contact time on removal of H by the C3N,.

As shown in Figure 4A and 4B, they displays UV/Vis
absorption spectrum of dopaminequinone (DOPA wz: :
converted to dopaminechrome by a rapid spontaneous auto-
oxidation in present of TYR, see Figure S4) and the PL spectrui 1
of C3N, from 325 to 750 nm when excitated at 390 nm. It can
be seen that dopaminechrome gives rise to strong absorptic i
at Aax = 470 nm, and C3N, has a strong emission at about 450
nm. The absorption spectrum of dopaminechrome has heavy
overlap with the fluorescence spectrum of C3N,. Therefore,

This journal is © The Royal Society of Chemistry 20xx
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PL of GC3N; should be significantly quenched by the
dopaminechrome originated from the catalyzed product of the
DOPA. To investigate the quenched fluorescence signal, the
fluorescence spectra of C3N4, C3N4-TYR, C3N,-DOPA and C3N,4-
TYR-DOPA were recorded. As can be seen from Figure 4C, the
spectra of C3N, C3N,-TYR, C3N,-DOPA is almost the same.
However, the fluorescence intensity of C3;N,-TYR-DOPA is
quenched significantly. Therefore, it can be concluded that the
quenched fluorescence intensity of C3N, is resulted from the
dopaminechrome. All above results (porous structures, good
photostability, strong proton H' adsorption ability, and the
heavy overlap between the emission spectrum of C;N, and the
absorption spectrum of dopaminechrome) suggests that the
C3N,4-TYR could be used as a fluorescent probe for the high
sensitive detection of DOPA. In the following studies, the
factors like temperature, pH values and incubation time were
optimized. As shown in Figure 4D, the |/l reaches maximum
when the temperature is 35 °C. Figure 4E displays the effects
of pH on the fluorescence intensity of the reaction system. The
results reveal that the fluorescence intensity of DOPA
detection system (pH = 6.8) is most noticeably quenched in the
same DOPA detection system. The curve in Figure 4F indicates
that maximal quenched signal is achieved with 40 min of
incubation and then sustains a stable value. Hence, to ensure
complete fluorescence recovery and obtain stable signal,
fluorescence intensity was recorded after the system had
reacted for 40 min. Therefore, all further experiments were
performed at 35 °C, pH = 6.8 and an incubation time of 40

min.
1.4
12 Dopaminechrome ——

400 500 600 700 350 400 450 500 550 600 650 700 750
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Figure 4 (A) UV/Vis absorption spectrum of dopaminechrome, inset: photograph of
dopaminechrome under UV (365 nm, center) light. (B) UV/Vis absorption spectrum of
dopaminechrome (orange trace) and the PL spectrum of CsN, (green trace). (C)
Fluorescence spectra of C3N;, C3N4-TYR, C3N4-DOPA, C3N4-TYR-DOPA (35 °C, pH = 6.8,
the concentrations of dopamine and TYR: 3.12x10"* mol'L™ and 0.1 mg mL™). Effects of
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temperature (D), pH values (E) and incubation time (F) on the fluorescence intensity of
C3N,-TYR-DOPA detection system.

Under the optimal conditions, the sensing of C5N,-TYR to
DOPA was conducted. As shown in Figure 5A and 5B, th:
florescence intensity of C3N,-TYR is markedly quenched in the
presence of DOPA. The ratio ly/I (I and I, are florescence
intensity of C3N,-TYR in the presence and absence of DOP/,
respectively) is proportional to the DOPA concentration wit’.
the linear regression equation being 1y/1=1.1042979.19Cp0p,
(R?* = 0.995). The detection limit of DOPA is 3x10°® mol'L?, th
detection range is from 3x10° to 1x10” mol'L™. The detectio.
limit is lower than ever reported methods % and the detectio..
range is comparable to some recently reported methods (sho'
in Table S1), ' **3® which indicates that C5N4-TYR has -
promising application for the detection of DOPA.

To evaluate the selectivity of the proposed method, we
studied the fluorescence response of C3N4-TYR to DOPA in th »
presence of different potential interfering substances. The
potential interfering substances include common DOr,.
analogues, amino acids and common ions. The results =
shown in Figure 5C. Several DOPA analogues has little effect on
DOPA detection even at concentrations 30 times higher th-»
that of DOPA, indicating the high specificity of the propose !
biosensors. Amino acids and common ions also exhibites little
influence on the detection of DOPA. These results sugges' ;
that C3N,-TYR can apply as reliable sensor for the high
selective detection of DOPA.

In order to investigate the accuracy of the develope .
detection system for DOPA, the detection of DOPA by the
HPLC was performed. The DOPA concentration in urin .
samples of healthy subjects is between 100 and 400 mg/2-
h.3 Notably, this detection method based on C;N,-TYR coul .
be directly used in real samples based on its high sensitivity
and selectivity. The human urine samples were provided
the Peking Union Medical College Hospital. All measurements
were performed in PB, pH = 6.8, incubated at 35 °C for 40 mir
Samples 176 are the six different human urine samples w..’
different DOPA concentrations. Meanwhile, the same six
human urine samples were also detected by the clinical
detection method (HPLC) and the proposed method under th »
same conditions. From Figure 5D, we can see that the results
obtained using the proposed method coincides well with those
obtained using HPLC, which indicates that the propose |
method can be applied to the detection of DOPA in rea!
samples with a high accuracy.

To evaluate the stability of the C5N4-TYR hybrids fluorescent
probes, a series of stability experiments were carried ou .
Figure S5A shows the change of Iy/I when the probes were
stored at 4 ‘C for 100 days. It can be seen that the I/l s
almost the same during the 100 days at the temperature of
4 °C. As shown in the Figure S5B, the Iy/l is little changed whe 1
the fluorescent probes are stored at room temperature for 2u
days. These that the GC;5N4-TYR hybric.,
fluorescent probes are high stable at the room temperature o

results reveal

low temperature. Based on all of the above experiments aiiu
analyses, it can be concluded that, compared with ot*

J. Name., 2013, 00, 1-3 | 5
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methods, the proposed method not only has excellent
repeatability, but also has a wider linear range and presents
high accuracy. And it could be successfully applied in detecting
DOPA in urine samples. Therefore, more novel biosensors
based on the assembly of C3N, with other enzymes could be
expected for the high sensitive detection of other bio-
molecules and medicament.
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Figure 5 (A) DOPA sensing using CsN,-TYR (35 ‘C, pH=6.8). (B) Relationship between I/
and DOPA concentration with DOPA concentration of 1x107, 5x10*, 5x10°, 1x107,
5x10°, 5x107, 1x107 and 3x10® mol'L™ (the inset is the enlarged graph from 0 to
1.5x10° mol'LY) (C) Effects of potential interfering substances (35 C, pH = 6.8). (D)
Analytical results of DOPA using the proposed method and using HPLC. The
concentrations of DOPA are 3, 9, 16, 21, 27 and 33 pmoI‘L'l, respectively. All
measurements were performed in PB, pH = 6.8. The incubation time is 40 min, at 35 C.

Compared with the detection in liquid phase, it is
convenient and fast to do the detection on solid substrate.
However, few works have been done on it. To investigate the
response of the enzyme-encapsulating CsN, to DOPA on solid
substrate, the enzyme-encapsulating C3N,; sensing arrays on
glass slide were performed (Figure 6A). Figure 6A reveals the
response of C3N4,-TYR to DOPA of different concentrations
under room light and UV light (365 nm excitation). It is found
that DOPA shows obvious quenching to C3N,-TYR with DOPA
concentrations varying from 1x10® to 2x10” mol'L", which
indicates that TYR activity in C3N, is well maintained, and C3N,-
TYR sustains its response to DOPA on the glass slide.
Furthermore, the response can last for eight weeks without
distinct color change. In the following studies, the test papers
through the simple chemical method were designed and
prepared, which could rapidly and exactly confirm the DOPA
concentration range. As shown in Figure 6B, obvious color
changes of the C5N,-TYR based test papers containing DOPA
with concentration range from 2x107 to 5.12x10°® mol'L™ can
be observed under room light and UV light (365 nm,
excitation). Clearly, there is distinct fluorescence intensity on
the C5N,4-TYR modified paper, which was not observed before
the modification. Therefore, the immobilized C5N4-TYR on the
test paper can retain their fluorescence sensing towards DOPA
without the addition of external reagents. Moreover, the
sensing can maintain 3 months without obvious change. It can
be concluded that C3;N,-TYR based test paper provides a

6 | J. Name., 2012, 00, 1-3
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practical method to detect DOPA with high sensitivity and
stability. To further study the response of C3N,-TYR to DOPA
on the test paper, the fluorescence intensities of the reacti
system with different DOPA concentrations were recordec
From Figure 6C and 6D, we can see that the fluorescenc-
intensity of C3N,4-TYR is obviously quenched in the presence cf
DOPA on the test paper. Furthermore, good linear correlatior .
are obtained in the concentration range from 1.6x10™ to
2.56x10” mol'L™ for the detection of DOPA on the test pape -
(R2 = 0.995). The detection limit is achieved to 2.56x10”7 mol'L
!, Based on above results, we can conclude that C3N,-TY <
based test paper can serve as high sensitive and reliable sensor
for the detection of DOPA.

A

Normalized Intensity ()

)

0.0 4.0x10° 8.0x10° 1.2x10* 1.6x10*

500 600
Wavelength (nm) Concentration (mol/L)

Figure 6 (A) Photos of the response of C3N4-TYR to DOPA with concentration of 1x1/"
3 5x10*, 2x10*, 5x10°, 2x10°, 5x10°, 2x10°, 5x107, 2x10” and 0 mol‘'L™, (spots a
respectively) under visible light and 365 nm UV light excitation (35 C, pH = 6.8). (B)
Photos of C3Ns,-TYR impregnated fluorescent test paper sensing DOPA wi 1
concentrations of 2x107, 4x107, 8x10*, 1.6x10*, 3.2x10®, 6.4x10°°, 1.28x10°%, 2.56x10
7 5.12x10°® and 0 mol'L™ (spots 1-10, respectively) under visible light and UV light (3€
nm excitation), (35 C, pH = 6.8). (C) DOPA sensing of C3N4-TYR on the test paper. (L
Relationship between ly/l and DOPA concentration with DOPA concentration of 1.6x10°
*,3.2x10°, 6.4x10°, 1.28x10°° and 2.56x10” mol'L™ on the test paper.

Table 1. Determination of DOPA in simulate human urine sample using HPLC (clinical
detection) and test paper

Real HPLC Test paper Relative
Sample concentration (Clinical) detection error
(uM) (uM) (uM) (%)
RE; RE,
1 32 3043 3044 -6.25  -0.337
2 6.4 6.2+0.3 6.1+1 -4.69 -2.16
3 0.256 0.2440.005 0.23+0.01 -10.16 -4.21

RE; = Test paper detection vs. Real concentration; RE, = Test paper detection vs. HPLC
clinical detection.

In addition, to verify the efficiency of the C5N,-TYR base
test paper, we also applied the standard HPLC method®’ to
detect dopamine in simulate human urine sample. Table
shows the date obtained in the analysis of simulate human
urine sample using the HPLC method and the C5N,-TYR baseu
test paper. It can be seen that the contents of DC

This journal is © The Royal Society of Chemistry 20xx
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determined using the test paper are consistent with those
using HPLC, which exhibits a little relative error. Therefore, it
can be concluded that the proposed method is reliable for the
determination of DOPA in simulate human urine sample.
Meanwhile, it can be expected that the test paper will provide
rapid and exact detection for other pharmaceutical and/or
biological samples, if the TYR in the C5N, is changed by the
other kinds of enzymes.

Conclusion

In summary, a novel detection system containing TYR and C5N,
for the sensitive detection of DOPA was designed and
fabricated. The fluorescence intensity of the C3N,-TYR was
significantly quenched as the concentration of DOPA
increased, in which a good linear relationship was obtained in
the concentration range from 3x10°% to 1x10” mol'L™ with the
correlation coefficient of 0.995. Moreover, the easy—to-
prepare test paper for convenient and selective detecting
DOPA was achieved by using C5N,;-TYR sensing arrays. The
results reveal that the proposed method coincided well with
those obtained using HPLC, which indicates that the proposed
method can be applied to the detection of DOPA in real clinical
samples. The present detection system will provide a new
approach to design multifunctional nano-sensors as a new
method for the detection of bio-molecules.
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