Microchimica Acta (2019) 186: 558
https://doi.org/10.1007/s00604-019-3600-9

ORIGINAL PAPER

®

Check for
updates

Nitrogen-doped carbon dots as a ratiometric fluorescent probe
for determination of the activity of acid phosphatase, for inhibitor
screening, and for intracellular imaging

Zhenmao Zhu' - Xiaoyun Lin" - Lina Wu' - Chengfei Zhao' - Shaoguang Li" - Ailin Liu" - Xinhua Lin"? « Liging Lin '

Received: 10 January 2019 /Accepted: 12 June 2019 /Published online: 23 July 2019
© Springer-Verlag GmbH Austria, part of Springer Nature 2019

Abstract

The author describe a method for preparation of green fluorescent nitrogen-doped carbon dots (N-CDs) through hydrothermal
treatment of a mixture of lotus leaf juice and ethylenediamine (EDA). The N-CDs have uniform size, good dispersibility and
water solubility. Under 316 and 366 nm photoexcitation, they show dual fluorescence with emission peaks at 415 and 509 nm,
respectively. They are positively charge and display low cytotoxicity. This makes them an excellent choice for fluorometric
assays and for bioimaging. A ratiometric assay was developed for the determination of the activity of acid phosphatase (ACP). It
is based on the aggregation- induced quenching (AIQ) of the fluorescence of the N-CDs by sodium hexametaphosphate
(NaPO3)s. Enzymatic hydrolysis of (NaPOs)s by ACP leads to the disintegration of (NaPOs3)s and to the restoration of fluores-
cence. The measurement of the ratio of fluorescence at two wavelengths (415 and 509 nm), background interference and
fluctuating signals can be widely eliminated. The method works in the 1-50 U-L™" ACP activity range and has a detection limit
of 0.43 U-L™". It was successfully applied (a) to the determination of ACP in spiked serum samples, (b) to ACP inhibitor
screening, and (c) to imaging of ACP in HePG2 cells.

Keywords Fluorescence - Lotus leaf - Ethylenediamine - Sodium hexametaphosphate - Aggregation-induced quenching -
Electrostatic interactions - Enzymatic hydrolysis - ACP inhibitor

Introduction

Acid phosphatase (ACP) is a hydrolase that catalyzes the hy-
drolysis of orthophosphate monoester to form inorganic phos-
phate under acidic conditions [1]. It is widespread in nature
and can be found in a variety of animal and plant species [2]. It
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is found that an abnormal elevated level of ACP in the human
body indicates the pathophysiological process of several dis-
eases including Gaucher disease [3], hyperparathyroidism [4],
metastasized prostate cancer [5], multiple myeloma [6] and
et al. Clinically, accurate monitoring of ACP level in blood
has been used for the medical diagnosis and drug screening of
related diseases. That is because ACP is always recognized as
an important serum marker, a useful prognostic indicator and
can be used as a drug target [7, 8]. Therefore, the development
of reliable and sensitive ACP assays is of great clinical signif-
icance, especially in the diagnosis of human prostatic diseases
and prostatic cancer.

A number of assays for ACP has been reported, includ-
ing immunoassay [9], electrochemical [10], performance
liquid chromatography [11], fluorescence spectrophotom-
etry methods [12] and colorimetric [13]. Among these
methods, fluorometric assay is considered as the more
desirable method due to its high sensitivity, convenience,
real-time, accessible instrument requirement and does not
require highly trained operators [14]. However, most of
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fluorometric assays for ACP are focused on fluorescence
“turn-off” [12, 15—17]. The applications of these methods
are limited due to their higher false-positive responses and
lower selectivity [18]. In addition, whether it is a fluores-
cence “turn-on” or “turn-off” model, such a solely respon-
sive signal is readily perturbed by various factors associ-
ated with instrument and environment, and thus prevented
their further practical applications [19]. Ratiometric fluo-
rescence can largely minimize the possible interfering ef-
fects both arising from instrument and environment
through recording the ratio of fluorescence intensities at
two different wavelengths. Compared with single-signal
steady-state fluorescence, ratiometric fluorescence tech-
nique could achieve more accurate and effective detec-
tion, which makes it more suitable for the practical appli-
cations [20].

Carbon dots (CDs) have drawn considerable attention
in the applications for bioimaging, fluorescent sensing,
drug delivery, photocatalysis, optoelectronic devices, etc.
[21-23]. Compared to toxic metal-based semiconductor
quantum dots and organic dyes fluorescent probes, CDs
have the advantages of higher aqueous solubility, easier
surface functionalization, higher resistance to
photobleaching, lower toxicity and better biocompatibility

Scheme 1 Schematic illustration
of (a) the preparation of N-CDs
from lotus leaf, (b) the design and
principle for ACP detection based
on the AIQ and enzymolysis
approach.

[24, 25]. These excellent properties make CDs a promis-
ing benign fluorescent nanomaterial. Among numerous
CDs synthesis methods [26], one-pot hydrothermal car-
bonization of natural biomass to provide CDs is an attrac-
tive route, not only because of the facile and eco-friendly
reaction process, but also the cheap and sustainable raw
materials [27]. For practical applications, especially in the
case of biomedicine, it is highly desirable to use green
raw materials to synthesize long wavelength emissive
CDs through environmentally friendly reaction pathways.

We present an economical and eco-friendly approach to
prepare green fluorescent biomass N-CDs by one-pot hydro-
thermal carbonization using lotus leaf juice and EDA as the
carbon precursor and nitrogen source, respectively
(Scheme 1a). The N-CDs are positively charged and have
double unique fluorescence emission peaks. On this basis,
an efficient ratiometric fluorescent probe for ACP activity
detection has been performed. In aqueous buffer of appropri-
ate pH, N-CDs are positively charged and have highly fluo-
rescence, while there are six negative charges in (NaPOj3)g.
Therefore, the N-CDs favor to form aggregate assembly with
(NaPOs)e via strong attractive electrostatic interactions.
Scheme 1b shows that the 509 nm fluorescence is quenched
by (NaPO;)¢ via the AIQ. The 415 nm fluorescence, in
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contrast, remains almost unchanged. In the presence of ACP,
ACP can specifically hydrolyze (NaPOs)s into phosphate
fragments, resulting in the destruction of the N-CDs/
(NaPO3)s aggregation. Consequently, the quenched fluores-
cence at 509 nm is restored. So an efficient ratiometric fluo-
rescent probe is developed with 509 nm fluorescence emission
as the probe and 415 nm fluorescence emission as the internal
reference for ACP detection. It is firstly that lotus-derived
biomass N-CDs can be used to construct a ratiometric fluores-
cent probe for ACP assay. The method can be successfully
applied for ACP determining in spiked serum samples, ACP
inhibitor screening and intracellular ACP imaging.

Experimental

Reagents and apparatus required for the experiment and some
experimental steps are detailed in the Electronic Supporting
Material (ESM).

Synthesis of nitrogen-doped carbon dots (N-CDs)
N-CDs were synthesized according to previously reported

procedure with a certain modification [27]. Lotus leaf juice
and EDA were selected as the carbon precursor and nitrogen

(AF509nm/ F415nm)n0 inhibitor_(AFSO‘)nm/F415nm)

source, respectively. The detailed synthesis steps are shown in
the ESM (Table S1, Fig. S1, S2, S3).

Acid phosphatase (ACP) detection

In a typical assay, 150 puL acetate buffer (10 mM, pH =4.8),
10 uL N-CDs (1 mg-mL_l) and 20 uL (NaPOs)g solution
(3 mM) successively added into 0.5 mL calibrated test tubes,
then mixed thoroughly at room temperature. Subsequently,
20 pL different activities of ACP standard solution (diluted
with 10 mM, pH=4.8, acetate buffer) were added into the
above mixtures. Then, these samples were incubated in
37 °C bath for 2 h. After incubation, the fluorescence intensity
of the mixtures was measured at 415 and 509 nm with exci-
tation at 366 nm.

The inhibition effect of Na,MoO,

20 uL (NaPOs)g (3 mM), 20 uL ACP (600 U-L ") and 20 ne
different concentrations of Na,MoO, were incubated in 37 °C
bath for 2 h. Then, 130 pL acetate buffer (10 mM, pH =4.8)
and 10 uL N-CDs (1 mg'mL ") were added into the above
reaction mixture and followed by recording the fluorescence
spectrum of each solution. The inhibition efficiency (IE%) of
Na,MoQO, was calculated by the following equation:

Inhibition Efficiency (IE%) =

inhibitor % 100%

(AFs09nm/ Fa150m) o inhibitor

Where (AFs0onm/Fa15nm)no inhibitor a1 (AFs000m/Fa150m)inhibitor
are the fluorescence ratio of N-CDs/(NaPO3)¢/ACP system in
the absence and presence of Na,MoQy, respectively. AFs5ponm
stands for the fluorescence difference of the system in the ab-
sence and presence of ACP. F4;5,, is the fluorescence intensity
at 415 nm excited by 366 nm. The half-maximal inhibition
value (IC50) was obtained from the plot of inhibition efficiency
of Na,MoQj, as a function of its concentration.

In vitro cell imaging

Human hepatoma cells HePG2 were seeded into a six-well
plate at a density of 6 x 10* cells per well and cultured in
RPMI 1640 medium supplemented with 10% fetal bovine
serum and 1% penicillin-streptomycin in an incubator
(37 °C, 5% CO,) for 24 h. Then, the medium was removed
and the adherent cells were washed with phosphate buffer
saline (PBS) three times. Subsequently, a certain amount of
ACP was added to the HePG2 cell wells. After incubation for
2 h, free ACP was removed from ACP-uptaken HePG2 cells
by washing three times with PBS. Afterwards, 1 mL reaction

solution (PBS:RPMI 1640 =4:1, pH =4.8) containing 50 pug:
mL ™' N-CDs and 300 pM (NaPO;)s was introduced into
chambers with an incubation time of 2 h. Prior to imaging,
removed the solution, and then washed cells with PBS for
three times. The bright field and fluorescent images of cells
were obtained on inverted fluorescence microscope.

Results and discussion
Choice of materials

The use of biomass to prepare CDs is attractive because it is
green, cheap and can be used for large-scale preparation. More
importantly, since the raw material comes from natural bio-
mass, the CDs exhibit excellent biocompatibility, which is
particularly suitable for bio-applications [28]. Lotus, an exten-
sively cultivated aquatic plant in eastern Asia, is usually waste
product of the lotus industry and easy to get. Lotus leaf-
derived biomass N-CDs have unique double fluorescence
emission peaks and emit green fluorescence. This makes them
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an excellent choice for fluorometric assays and for
bioimaging.

Characterization and properties investigation
of N-CDs

CDs were characterized by XPS, FT-IR spectroscopy and zeta
potential, respectively (Fig. S4). XPS analysis suggests that
the CDs consist of carbon, nitrogen and oxygen. Combing the
analytical results of XPS and FT-IR, we deduced that the CDs
are N-CDs, and have the predominant functional groups, in-
cluding the hydroxyl, carbonyl group and amine group. Zeta
potential measurements indicate that N-CDs are positively
charged in the pH range of 0-8.6. The detail characterization
for CDs is presented in ESM.

The morphological characteristics of the N-CDs were in-
vestigated by transmission electron microscopy (TEM). As
shown in Fig. 1a, the monodispersed N-CDs have a uniform
size with an average diameter of 2.92+0.30 nm (Fig. 1b).
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Fig. 1 a TEM image of N-CDs. Inset: ((a)) high resolution TEM image of
N-CDs; ((b)) photograph of N-CDs aqueous solution. b Size distribution
of N-CDs. ¢ UV-vis absorption, photoluminescence excitation (Aex =
366 nm) and emission (Aem =509 nm) spectra of N-CDs aqueous
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This result is well supported by the dynamic light scattering
spectra (Fig. S5a). The high-resolution TEM (HRTEM) image
(inset of Fig. la (a)) reveals the high crystallinity of the N-
CDs. The lattice spacing of 0.21 nm agrees with that of in-
plane lattice spacing of graphene (100 facet) [29]. In addition,
N-CDs exhibit excellent water-solubility (inset of Fig. 1a (b)).

The optical properties of the N-CDs were studied by UV-
vis spectroscopy and fluorescence spectroscopy. As shown in
Fig. 1c, N-CDs show two absorption peaks at 290 and
350 nm, which correspond to the 7t-7t* transition of aromatic
sp® domains and n-7t* transition of C=0, respectively [14]. In
aqueous solution, N-CDs exhibit a luminescence wavelength
maximum at 509 nm with 366 nm excitation (Fig. lc),
resulting in a strong green photoluminescence under 365 nm
UV lamp (the inset in Fig. 1c). To further investigate the
photoluminescent properties of the N-CDs, we carried out a
detailed fluorescence study with different excitation wave-
lengths. As shown in Fig. 1d, the fluorescence emission spec-
tra show unusual emission peaks. When the excitation
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wavelength ranges from 300 to 335 nm, the fluorescence
emission spectra show two obviously emission peaks (inset
of Fig. 1d), in which the optimal excitation wavelength of the
first emission peak is 316 nm (Fig. S6). These two emission
peaks are assigned to the band gap luminescence and defect
luminescence, respectively [30]. Interestingly, the first fluo-
rescence emission peak, which is located at a position of about
415 nm, gradually disappeared with the red-shift of the exci-
tation wavelength, and the emission spectra show only one
peak around 509 nm. This unique double emission peak
makes it possible to design a ratiometric fluorescent probe.
Moreover, the quantum yield (QY) of the N-CDs is calculated
to be 8.6% using quinine sulfate as reference (Fig. S7), which
is higher than that of undoped CDs (4.6%). Furthermore, the
N-CDs aqueous solutions have excellent salt stability, pH sta-
bility and optical stability (Fig. S8, S9).

Since low toxicity is crucial for a variety of practical bio-
logical applications, the cytotoxicity of N-CDs was assessed
by HepG2 cells using the standard MTT cell viability assay.
Fig. S10 shows the viability of HepG2 cells incubated with
different concentrations of N-CDs for different time. More
than 91% cells can survive after incubation with N-CDs even
at concentrations of 400 pug-mL ™" for 24 h, indicating the very
low cytotoxicity of N-CDs. The excellent water solubility,
stable fluorescence and low cytotoxicity of the N-CDs prom-
ised the cell imaging application.

The detection strategy and principle of the ACP assay

The fluorescence emission spectra of N-CDs, N-CDs/
(NaPO3)s and N-CDs/ (NaPO3)s/ACP are shown in Fig. 2a.
It can be seen that the original emission peak fluorescence
intensity of N-CDs located near 509 nm can be effectively
quenched by the addition of (NaPOs)4 regardless of whether
it is excited by 316 nm or 366 nm. Moreover, the fluorescence
intensity of system is significantly recovered in the presence
of ACP. However, as for the first peak, the fluorescence inten-
sity of N-CDs at 415 nm does not change with the addition of
(NaPOs)g or (NaPO3)s/ACP when excited at 316 nm.

Fig. 2 a Fluorescence emission

Simultaneously, we find that when excited at 366 nm, the
fluorescence intensity of N-CDs in the range of 400 to
430 nm does not change with the reaction process, although
there is no obvious peak shape near 415 nm. For simplicity
and efficiency, single-wavelength excitation is the pursuit of
ratiometric fluorescent probe. Therefore, a ratiometric fluores-
cent probe with 366 nm as the single excitation wavelength
and fluorescence intensity at 415 nm as the internal reference
is proposed for ACP activity detection.

To better understand the quenching process, a series of
experiments were performed. As shown in Fig. S5a, the par-
ticle diameter of the N-CDs is about 2.88 nm. After adding
(NaPOs)g, the particle diameter increases to 19.73 nm (Fig.
S5b), and keeps substantially unchanged within 5 h (Fig.
S5c¢). The zeta potential of (NaPO;3)s, N-CDs and N-CDs/
(NaPOj)g are shown in Fig. 2b. It can be seen that
(NaPOs)¢ is negatively charged ((=—42.37 mV) while the
N-CDs are positively charged ((=+ 26.60 mV). After mixed
of N-CDs and (NaPOs)g, the zeta potential of system is
—28.03 mV. These results indicate that the high quenching
efficiency is due to the fact that the positively charged N-
CDs are non-covalently bonded to the negatively charged
(NaPO;)¢ by electrostatic interaction to form a N-CDs/
(NaPO3)¢ complex. At the same time, the initial strong fluo-
rescence of the dispersive N-CDs has a dramatically decrease
due to the AIQ property [31, 32]. In addition, other phosphate
esters, such as ATP, AAP and PPi were selected as the
quenchers. However, due to limited negative charge, the de-
sired results have not been achieved (Fig. S11) [33].

To further reveal the detection mechanism of ACP, the
time-resolved fluorescence decay of the N-CDs before and
after the addition of (NaPOs)¢ or the further addition of ACP
were also compared. As shown in Fig. S12, the calculated
average lifetime value of N-CDs is around of 16.18 ns, which
decreases to 13.63 ns after reacting with (NaPOj3)s. The re-
duced lifetime reveals that the quenching mechanism is due to
the ultrafast electron-transfer process between N-CDs and
(NaPOs)e [34], which is a dynamic quenching mechanism.
The lifetime of N-CDs increases to 15.29 ns with further
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Fig.3 a Fluorescence emission spectra of N-CDs/(NaPOs)e system in the
presence of different activities of ACP. b The relationship between
AF509,m/F415nm and the activity of ACP. The inset shows the linear plot
of AFs50onm/Fa15nm against the activity of ACP, in which AF5gnp, is the
change of fluorescence intensity at 509 nm before and after ACP is added
into the N-CDs/(NaPOj3)4 system, and Fy4; s, is the fluorescence intensity
at 415 nm with the excitation of 366 nm

addition of ACP, which indicates that ACP can disassociate
(NaPOs3), from N-CDs through enzymatic hydrolysis action.

Optimization of method

The following parameters were optimized: (a) pH of solution;
(b) Concentration of (NaPQOs)e; (¢) Reaction temperature; (d)
Reaction time. Respective text and figures on optimizations
are given in the ESM (Fig. S13, S14). In short, the following
experimental conditions are found to give best results: (a) Best
solution pH value is 4.8; (b) Best concentration of (NaPOj3)g is
300 uM; (c) Best reaction temperature is 37 °C; (d) Best
reaction time is 2 h.

Sensitive and selective detection of ACP

Under the optimum conditions, the fluorescence emission spec-
tra of the system upon the addition of different activities of ACP
were recorded. From Fig. 3a, we can see the fluorescence inten-
sity at 509 nm increases gradually with the increasing activity of
ACP, while the fluorescence intensity at 415 nm is almost un-
changed. The ratio of AFs509,m/F415nm 1S employed in the quan-
titative analysis of ACP, and a typical plot of the AFs500nm/Fa150m
versus ACP activity (1-80 U-L™") is shown in Fig. 3b.
Furthermore, a good linear relationship between AFsq9,/
F4150m and the activity of ACP within the range of 1-50 U-
L™ is plotted in the inset of Fig. 3b. The linear regression equa-
tion 1S AFsonm/F4150m = 0.02653[ACP]-0.03341 with a corre-
lation coefficient R? of 0.995, and the limit detection is evaluated
to be 0.43 U-L™! (S/N=3). As shown in Fig. S15, the relative
standard deviation (RSD) is 2.5% for 32 U-L™' ACP (n=30),
indicating that the reproducibility and reliability of the method is
satisfactory. It exhibits comparable sensitivity and lower RSD
comparing with other reported detection methods shown in
Table S2. It has been reported that the normal level of ACP in
blood serum is 35-123 U-L ™" [35]. Thus, the method satisfies
the detection requirements for ACP quantification.

To demonstrate the specificity of the ratiometric fluorescent
probe for ACP detection, the detection system was treated

Flg. 4 a AFSOQnm/F415mn of the a b
N-CDs/(NaPOs)e system in the 1.44 1.44 T .
presence of interfering 124 124
substances. b AFs509n0/F415n0m of : :
the N-CDs/(NaPO3)s/ACP 1.04 £1.0-
system in the presence of & &
interfering substances. The ~0.84 @ 0.81
activity of ACP is 50 U-L™', and e ¢
the others are 1000 U-L™' é 0.6 é 0.6
= =
< 0 4 N < O 4 b
0.2 0.2
i = x 0.0
ACP ALP XOD TYR Ure HRP Try LZM GOD R % < <
re ry }C Y'\) $00 &* . \\{(‘2— \’& x&d ‘\»ﬁ\ (’00

@ Springer

T 0 (VT (Y A
v,C?‘(J KO NS LIS



Microchim Acta (2019) 186: 558

Page 7 of 9 558

90
;@80-
= 701
2 604
K

2 504
“540-
=

.2 30-
20
104
().

Inhibit

2 4 6 & 10 12
Na,MoO, Concentration (nM)
Fig. 5 ACP inhibition efficiency of Na,MoO,. The data shown in the
figures represent the average of three independent experiments (n = 3)

with several enzymes including alkaline phosphatase (ALP),
xanthine oxidase (XOD), tyrosinase (TYR), urease (Ure),
horseradish peroxidase (HRP), trypsin (Try), lysozyme
(LZM) and glucose oxidase (GOD) under the same condi-
tions. As shown in Fig. 4a, the fluorescence intensity of the
N-CDs/(NaPOs), system changes significantly with the addi-
tion of ACP, whereas other enzymes at an activity 20 times
higher than that of ACP exhibits negligible effects. In addi-
tion, the anti-interference performance of the ratiometric fluo-
rescent probe was also evaluated (Fig. 4b). The result shows
that AFs509,m/F415n0m 18 Very close in the presence and absence
of interfering substances. Furthermore, common ions and

Fig. 6 The bright field and fluorescent microscopy images of HepG2
cells incubated with 50 ugmL*1 N-CDs (a and b), non-ACP-uptaken
HepG2 cells incubated with 50 pg'mL ™' N-CDs and 300 uM (NaPO3)s
(¢ and d), 50 U~L7]—ACP—uptaken HepG2 cells incubated with

small molecules also do not produce an obvious signal (Fig.
S16). These results substantially indicate that the ratiometric
fluorescent probe has a high selectivity toward ACP.

Determination of ACP in human serum samples

In order to evaluate the practicality of the ratiometric fluores-
cent probe, the real sample assay was conducted using three
different human serum samples and the detail presents in
ESM. As shown in Table S3, we can see that the recoveries
of ACP in the spiked samples range from 96.02% to 103.79%
and the RSD values are no more than 3.54%, indicating that
the ratiometric fluorescent probe is appropriate for ACP anal-
ysis in real samples.

ACP inhibitor screening

Considering the hydrolysis of (NaPO3)s by ACP can be af-
fected in the presence of the corresponding ACP inhibitors,
our method can also be used for the screening of potential
ACP inhibitors. In this work, Na,MoQ,, a typical inhibitor
of ACP, was employed as a model inhibitor to demonstrate
the ability for this application. As shown in Fig. 5, with in-
creasing concentrations of Na,MoQy, the IE% constantly in-
creases, and the IC50 value of Na,MoOQy, is calculated to be
2.018 uM. This result clearly indicated that our method can be
utilized for the screening of potential ACP inhibitors.

20 pm

50 p.g-mLf1 N-CDs and 300 uM (NaPOj3)4 (e and f), 100 U-L'-ACP-
uptaken HepG2 cells incubated with 50 ug'mL ™' N-CDs and 300 uM
(NaPOs)e (g and h) with excitation at 488 nm
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In vitro study

In order to evaluate the potential of the N-CDs/(NaPOj)¢ sys-
tem for bioimaging applications, we further used the probe for
intracellular ACP imaging in HepG2 cells by the standard
addition method. As shown in Fig. 6b, after the incubation
of N-CDs with HepG2 cells for 2 h, the fluorescence micro-
scopic image shows strong intracellular green fluorescence
signal of N-CDs. From Fig. 6d, we can see the green fluores-
cence significantly decreases in the intracellular when the N-
CDs/(NaPOs)e is incubated with non-ACP-uptaken HepG2
cells. In contrast, there is a recovery of intracellular fluores-
cence in the ACP (50 U-L™")-uptaken HepG2 cells with N-
CDs/(NaPOs)4 (Fig. 6f). Furthermore, the cells exposed to
100 U-L™" of ACP display stronger green fluorescence (Fig.
6h) than those exposed to 50 U-L ™" of ACP. The fluorescence
change between Fig. 6d, fand h clearly shows that our method
can be potentially used for ACP activity detection in the in-
tracellular region.

It should be noted that this work has certain limitations.
Lotus is a seasonal plant that is not available at certain time
of the year, which may lead to a shortage of raw materials. In
addition, since the biomatter always display strong back-
ground UV absorption and fluorescence, the UV light used
for fluorescence excitation will be screened off and this will
weaken the signal. In this study, dried lotus leaves are also
proved to be suitable for N-CDs synthesis, which solves the
problem of raw material supply to some extent (Fig. S2, S3).
The human serum samples used are subjected to a certain pre-
treatment, the interference of serum albumin can be eliminated
and the recovery can be improved. Thus, the method pos-
sesses high potential for practical applications.

Conclusions

We have synthesized N-CDs by one-pot hydrothermal carbon-
ization of lotus leaf juice and EDA. Since the raw material
comes from natural biomass, the N-CDs exhibit excellent bio-
compatibility, which is particularly suitable for bio-applica-
tions. In addition, the N-CDs have unique dual fluorescence
emission peaks and do not require external introduction of
fluorophores, which avoids cumbersome introductions. A
ratiometric fluorescent probe is presented for ACP detection
based on the use of the N-CDs. By utilizing the AFsq9nm/
F4150m as the signal readout, the possible interfering effects
both arising from instrument and environment are largely min-
imized, ensuring more reliable results. It should be noted that
this work has certain limitations. For samples with complex
components, some pre-treatments are required to eliminate
interference and improve recovery. Since the method is well
selective, sensitive and repeatable, it will provide a potential

@ Springer

platform for ACP determination in clinical diagnosis and ACP
inhibitor screening in drug discovery.
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