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ABSTRACT

Recently, a-glucosidase inhibitor has been widely used iniclifor diabetic
therapy. In the present study, a facile and semsitluorescent assay based on enzyme
activated inner filter effect (IFE) on nitrogen-amp carbon dots (CDs) was first
developed for the detection efglucosidase. The N-doped CDs with green emission
were prepared by a one-step hydrothermal synthesis gave the fluorescence
guantum yield of 30 %, which were used as the $igagput. Throughu-glucosidase
catalysis, 4-nitrophenol was released from 4-nheoyyl-o-D-glucopyranoside (NGP).
Interestingly, the absorption of 4-nitrophenol atite excitation of CDs were
completely overlapping. Due to its great molar apBaty, 4-nitrophenol was
capable of acting as a powerful absorber to atteetfluorescent signal of CDs (i.e.
IFE). By converting the absorption signals into fluoresme signals, the facile
fluorescence assay strategy could be realized-fucosidase activity sensing, which
effectively avoided the complex modification of thaface of CDs or construction of
the nanoprobed he established IFE-based sensing platform offaréalv detection
limit of 0.01 U/mL (S/N = 3). This proposed sensapgproach has also been expanded
to the inhibitor screening and showed excellamplicability. As a typical
a-glucosidase inhibitor, acarbose was investigatitd avlow detection limit of 16M.
This developed method enjoyed many merits includgimgplicity, lost cost, high
sensitivity, good reproducibility and excellentesglvity, which also provided a new

insight on the application of CDs to develop thaléaand sensitive biosensor.
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1. Introduction

Diabetes mellitus characterized by high blood sulgaels is a group of
metabolic diseases [1, 2]. The excess of glucoghdarbloodstream leads to chronic
damage and dysfunction of various organizations. [Bplucosidase plays a
significant role in the body's digestion of carbdiates. As one kind of anti-diabetes
drugs,a-glucosidase inhibitors are functionalized of delgyintestinal absorption of
carbohydrates and can prolong carbohydrate digedtmoe. Thus,a-glucosidase
targeted drug screening from natural medicines ilnesoprosperous due to their
excellent therapeutic effect and low side effedt Flowever, the sensitive screening
approach ofa-glucosidase inhibitors remains poorly investigatddhe available
methods are mostly based on colorimetric principlbjch often suffer from poor
sensitivity and selectivity [5]. Moreover, the heghactive compounds often present at
trace level in medicinal plants. Therefore, the hrods for a-glucosidase inhibitor
screening with highly sensitivity and little sampglensumption are highly desirable in
the field of clinical research and drug discovery.

In recent years, carbon nanomaterials have atttaottensive attentions due to
their optical, electronic and biocompatible proget Among the carbon-based
nanomaterials, carbon nanodots (CDs) are one ofnibst promising types of
fluorescent nanoparticles, which possess a sefiggents including low cost, simple
synthesis route, better biocompatibility, lower atgiicity, high chemical stability,
lower blinking fluorescence, and tunable excitatama emission spectra [6, 7]. These
advantages make CDs superior to classic quantus atat fluorescent molecules.
But the reported fluorescent nanosensors basedDenf@used on the detection of
pH [8-10], ions (such as Ky CU*, Ag’, F€*, PQ>  and so on) [11-16nd small
molecular substances (for instance, nitrite, glacdscysteine, biothiol, etc.) [13,
17-21]. The further exploitation of CDs for sige#int biomacromolecules (e.g.
enzymes and DNA) is still desirable and challendi?2]. The sensing principle is
pivotal for fluorescent chemosensor or nanosensweldpment, the conventional
sensing mechanisms include fluorescence resonamarg\etransfer (FRET), twisted

intramolecular charge transfer (TICT), electronicnemy transfer (EET),
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intramolecular charge transfer (ICT) and photoiretlielectron transfer (PET) [23,
24]. In general, the sensing processes based oabive mechanisms involve the
intermolecular interaction between the chemosenand target molecule, or
establishing of covalent linking between the rece@nd the fluorophore, which
make the methods being complicated and time-comsym@nd significantly restrict
their practical applications [24]. For instance, ave reported a fluorescence assay
for a-glucosidase inhibitor screening based on FRET. [28hough the fluorescence
assay obtains satisfactory sensitivity and selidgtithe disadvantages system are still
existed (e.g. the complexity procedure to build #RET nanosensor and poor
solubility in enzymatic reaction). Recently, aneatiative principle for fluorescent
assay design is developed using the inner filtece{IFE). It is well known that the
IFE refers to the absorption of the excitation an@mission of light by absorbers in
the detection system, which is usually consideedraannoying source of error and
should be avoided in spectrofluorometry [26]. IF&S lgrown to be an effective tool
for the development of simple, facile and sensitiverescence sensors by converting
the analytical absorption signals into fluorescesigmals [24, 27-29]. Notably, the
IFE-based nanosensor does not require any linkowgalent linking between the
receptor and the fluorophore or surface modificatiof fluorescence nanomaterial,
which offers considerable flexibility and more siimopy [30]. Therefore, due to the
limitation of fluorophores, it is not easy to fimdit the suitable absorber-fluorophore
pair, and the conventional absorber usually hasmallsextinction coefficient,
restricting the sensitivity of the IFE-based flusrent assay [27, 31].

In the present study, we innovatively introduced
4-nitrophenyle-D-glucopyranoside (NGP) asi-glucosidase substrate. Through
a-glucosidase enzyme catalysis, 4-nitrophenol reésased from NGP. Interestingly,
due to the complementary overlap between the atisorpf 4-nitrophenol and the
excitation of CDs, 4-nitrophenol (with higireat molar absorption coefficient) was
capable of function as the powerful absorber in tBEurn off the fluorescence of
CDs. Based on these principles, a novel sensiradesgly fora-glucosidase activity

detection was achieved readily, which provided aciteg detection limit of 0.01
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U/mL (S/N = 3). Moreover, the proposed sensingtstna was successfully utilized
for trace a-glucosidase inhibitor screening from natural pidu The proposed
method was proven to enjoy many merits includirgylity, lost cost, high sensitivity,
general applicability good reproducibility and excellent selectivity. fie best of our
knowledge, it was the first trial of employing IFased fluorescent sensing strategy
combing fluorescent CDs far-glucosidase activity detection and anti-diabeticgd
screen, which promised as a powerful candidate limical diagnosis and drug
discovery.
2. Experimental
2.1. Chemicalsand materials

Triple-distilled water was purified with a Milli-Quater purification system
(Millipore, Molsheim, France). 4-hydroxybenzeneaalic acid, ethylene diamine,
quinine sulfate, 4-Nitrophenyl-D-glucopyranoside (NGP), acarbose, and other salts
were purchased from Aladdin Ltd. (Shanghai, Chinaglucosidase (10 kU) was
purchased from Sigma. Phosphate buffered salin€&SYRi&as prepared by mixing
stock solutions of KHPO, and KHPQ,. All reagents were of analytical grade and
without any further purification.
2.2. Apparatus

The fluorescence spectra were obtained using a GHIA F-7000 PC
spectrofluorophotometer equipped with a xenon lamsmg right-angle geometry.
Fourier transform infrared spectrometry (FT-IR) &pgm was recorded with a
Beifen-Ruili WQF-520A FT-IR spectrometer equippeithwa DGTS detector (16
scans). The morphologies and sizes of N-doped CBee veharacterized using
transmission electron microscopy (TEM, Hitachi-60Bjtachi, Japan). X-ray
photoelectron spectroscopy (XPS) spectra were peetd by a PHI 5702
spectrometer. The X-ray diffraction (XRD) spectrimas recorded with RIGAKU
MiniFlex 600 X-Ray Diffractometer. Fluorescent inesgwere acquired on an
Olympus FluoView FV1000 laser-scanning microscofith \&n objective lens (40x).
Zeta potential was measured with a Malvern Zetadizeo Instrument (Malvern Ltd.

, Malvern, UK) at room temperaturéhe enzyme reaction temperature was controlled
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by an electric-heated thermostatic water bath. Tieselved fluorescence decay
curves were obtained using a Steady state/Life tFherescence Spectrometer
(FLS920 Edinburgh Instruments).
2.3. Synthesis of N-doped CDs

In brief, 0.345 g of 4-hydroxybenzoic acid was dised in 25 mL of aqua
distillate, and then 300L of ethylene diamine was added. The mixture wamscated
for about 5 min and transferred to a 50 mL Teflguipped stainless steel autoclave.
Finally, the mixture was transferred into a hydsesthal kettle and heated at 180 °C
for 12 h. The reaction solution was filtered witkeydinder membrane filter (0.22m)
to remove large dots, and then dialyzed againsapute water through a 500 D of
dialysis membrane for 48 h. The as-prepared CDe wiuted 1000 times from the
synthesized stock solution by water and stored°&t #or further use.
2.4. Determination of quantum yield of N-doped CDs

Determination of the quantum yield of CDs was acglished by comparison of
the photoluminescence of CDs and absorbance valugainine sulfate. Excitation
wavelength was fixed at 356 nm. Quinine sulfate digsolved in 0.1 M of k5O,
solution and the CDs were dissolved in water. Qunsulfate was used as the
standard, its quantum yield was 0.577 and refradtdex was 1.33. The quantum
yield was calculated by the following equation:

¢ =0¢s [(IAs)/(IANS?)] (1)

Where %” is the quantum yield, “I” is the integrated ingaty, “A” is the optical
density and “n” is the refractive index of the smiv. The subscript “s” refers to
standard with the known quantum vyield.
2.5. IFE-based fluorescent detection of a-glucosidase

The proposed IFE-based analysis deglucosidase was performed as following.
Different concentrations ofi-glucosidase solutions were diluted with phosphate
buffered saline (PBS) (pH = 6.8). A total of 10Q of enzyme solutions were
transferred into the reaction system, which coadistf 100uL of NGP (10° M). The
reaction solution was shaken and incubated for #bah 37 °C. Subsequently, the

mixture was added into 1 mL of CDs (dissolved by pH8 PBS buffer), then
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subjected to fluorescence spectral measuremenlie axcitation wavelength of 410
nm.
2.6. a-glucosidase inhibitor investigation

The substrate solutions including 100 of 10 U/mL a-glucosidase in PBS
buffer (pH = 6.8), 10QL of 2x10°M NGP solutions and acarbose solutions with
different concentrations (10M, 2x10° M, 4x10’ M, 6x10" M, 8x10’ M, 10° M,
5x10°M, 10° M, 10*M, 10°M and 10° M) were mixed. After 25 min incubation
time at 37 °C, 1 mL of CDs (dissolved by pH = 8 PRS8fer) was added into these
solutions. The fluorescence spectra were recortidteaexcitation wavelength of 410
nm, and the fluorescence intensity of the maximumission peak was used for
quantitative analysis.

Meanwhile, the inhibiting ability of pomegranatetraxts was also screened by
the proposed sensing method. The extraction pracassarried out as following: 0.1
g of pomegranate rind was weighed and finely crdshehich was respectively
dissolved in 2 mL of water, ethyl alcohol, methidahol, n-butyl alcohol and ethyl
acetate. After supersonic extraction for 60 mim, thixed solutions were centrifuged
at 12000 rpm for 15 min. The supernatant was delteand dried under nitrogen,
then dissolved by aqua distillate, and a certaimwarh of plant extract sample was
submitted for inhibiting ability evaluation.
3. Resultsand discussion
3.1. Characterization of CDs

The morphology, size and microstructure of the I[detbCDs were characterized
by Transmission electron microscopy (TEM). The Thikbhges demonstrated that
N-doped CDs were mostly monodisperse and sphenicdlape. As revealed in Fig. 1,
the image of N-doped CDs demonstrated well disperswithout apparent
aggregation and spherical nanoparticles in narrastributions of 3-5 nm by
statistical analysis of more than three hundredigles. As shown in Fig. 2, the
surface composition and elemental analysis of thaoped CDs were carried out by
X-ray photoelectron spectroscopy (XPS). The fulhga XPS analysis (Fig. 2A)

showed the N-doped CDs sample was composed of rcariimogen and oxygen,
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which appeared at 284.8, 399.7, and 531.7 eV, c&ispl. In the expanded XPS
spectra, the high resolutiom{pectrum (Fig. 2B) showed four peaks centered at
284.8, 285.8, 287.2, and 288.2 eV, which could $sgaed to carbon in the form of
C—C(sp), C—N (sp), C—-0O (sp) and C=0 (sp, respectively. The spectrum ofNn

the N-doped CDs (Fig. 2C) could be subdivided itwm separated peaks that
correspond to C—N (398.9 eV) and C—(O)-N (400.9 &Wctional groups, which
further verified the as-synthesized CDs were négregoped CDs.

Fourier-transform infrared (FT-IR) spectrum was é&wed to analyze the
surface composition of the N-doped CDs. As showign 3A, the wide peak at 3400
cm’ was corresponding to the surface-adsorbed wateineaand hydroxyl groups.
These surface groups stabilized the CDs in aqusolusion. The peak at 1583 &m
was associated with the stretching vibrations 0®@mnd C=C, the bands at 1490tm
and 1330 cnl belonged to the C—N bending vibrations. The wesdkp at 1390 cih
and 1153 cil could be attributed to C—O stretching vibrationd £-0—C stretching
vibrations, respectively. The X-ray diffraction (KR analysis was performed to get
the information about the structure. As shown ig. BB, a broad diffraction peakf(2
at 23.79° attributed to highly disordered carboone, and no extra peaks were
detected by XRD. This result revealed excellenteagrent with the previously
reported CDs [9, 32-34].

The quantum vyield of CDs was calculated by comparisof the
photoluminescence of CDs and the absorbance vafugsinine sulfate, and 30 % of
fluorescence quantum yield was obtained. The N-dopBs with green emission
were prepared by a one-step hydrothermal syntlaesis4-hydroxybenzoic acid was
chosen as carbon source for the synthesis of catbta which has the benzene ring
framework and was different from the previous carBources like glucose, ascorbic
acid and sodium citrate. At the same time, the retimmine was used to
nitrogen-doping, which could also significantly rease the quantum yield [11, 25].
In addition, the stability of the as-prepared N-edpCDs was also investigated by
long-term monitoring of fluorescent intensity abno temperature. Results indicated

the fluorescence intensity of CDs remained consafter 15 days storage (Fig. S1),
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indicating the satisfactory stabilityFurthermore, the fluorescent intensity of
as-prepared N-doped CDs remained above 85% ofnitial ivalue after storing at
4 °C for more than 4 months.

Furthermore, cell viabilities and fluorescence imggassays have been
performed to evaluate the biotoxicity and the bropatibility of the N-doped CDs
(Supporting Information, Fig.S2 and S3). Resulttidated the N-doped CDs possess
low biotoxicity and high biocompatibility.

3.2. Principle of a-glucosidase activity assay based on I FE

The principle of IFE-basedi-glucosidase assay was shown in Scheme 1.
Fluorescence IFE phenomenon is due to the absorpfithe excitation or emission
light by absorbers in the detection system when dbsorption spectra of the
absorbers overlaps with the excitation or emissyectra of fluorophores [27]. In this
study, NGP was employed asglucosidase substrate, which enjoyed the benasits
follows: (a) NGP was cheap, easy to get, and wittellent enzymatic utilization; (b)
NGP with a maximum UV-vis absorbance at 310 nm,cWhhad no effect on
fluorescence intensity of CDs; (c) the NGP hydralysroduct (4-nitrophenol) by
a-glucosidase has a great molar absorptivity at i) which has a good overlap
with the excitation spectrum of CDs.

To further confirm the generality of our design ngsiNGP asa-glucosidase
substrate, 4-nitrophenol as an IFE-absorber and @®wan IFE-fluorophore, we
recorded the fluorescence spectra of CDs mixed witterent concentrations of
a-glucosidase. The fluorescence intensity of CDS1& nm under 410 nm excitation
was quenched significantly and the quenching efficy could reach about 91 %
upon an addition of 50 U/mL af-glucosidase, suggesting the powerful quenching
ability of 4-nitrophenol (Fig. S4). The UV absorlsarof the reaction solution without
CDs was also determined. As shown in Fig. 4A, theogbance at 310 and 410 nm
were, respectively, decreased and increased ghaduaith the increasing
concentration oéi-glucosidase.

Meanwhile, fluorescence lifetime assay was perfarnt® confirm the

fluorescence quenching mechanism because the IBEovesidered to have no effect
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on the excitation lifetime of the fluorophore [30As shown in Fig. 4B, the
fluorescence decay curves of N-doped CDs in theerades and presence of
4-nitrophenol showed a high degree of consistemdych further confirmed the
occurrence of IFE. The zeta potential of the N-db@®s in the absence and presence
of 4-nitrophenol were measured. The results shawatlthe N-doped CDs exhibited
the zeta potential of -13.4 mV, indicated that Nbeld CDs possess negative charge.
The zeta potential of the 4-nitrophenol was measwas -5.86 mV. It could be
deduced that it is not possible that electrostatieraction between the negatively
charged N-doped CDs and 4-nitrophenol resultedhm ftuorescence quenching,
excluding the possibility of FRET or PET mechani®3, 24]. From the above results
of spectra experiments, fluorescence lifetime assayl zeta potential assays, we can
safely conclude that the proposed sensing strategybased on IFE. With the aid of
this principle, a facile and sensitive approach daglucosidase activity monitoring
can be developed.
3.3. IFE-Based fluorescence assay for a-glucosidase activity

Although the optimum reaction conditions far-glucosidase have been
investigated by previous studies, the conditions deglucosidase with different
substrates might be discrepant. Thus, the mainrimgstal factors including pH of
reaction solution, incubating time and temperatwese chosen for investigation.
The effect of pH on the catalytic activity of thHeB-based assay was investigated by
varying PBS buffer pH (i.e. pH = 6.0, 6.8 and 7¥ith a fixed a-glucosidase
concentration of 10 U/mL. Under 410 nm excitatidthe maximum disparity of
fluorescence intensity occurred at pH = 6.8 (Fi8),5w~vhich was chosen for the
following experiments. The effect of temperature.(R7 °C, 37 °C and 47 °C) on the
enzyme activity was investigated with a fixeeglucosidase concentration of 10
U/mL (Fig. 5B). As compared to the 27 °C and 47 32, °C showed a better
fluorescence intensity interpolation. Higher or eawemperature would yield lower
detection response. Thus, 37 °C was selected agptirmum temperature, indicating
that the human body temperature was more benefitde enzymatic activity. Fig.

5C displayed a typical time-dependent fluorescentansity of CDs after mixed with
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10 U/mL ofa-glucosidase and 1 mM NGP in PBS buffer (pH = @837 °C. As the
incubation time prolonged, the fluorescence intgnsicreased gradually, and tended
to level off after 25 min. Therefore, 25 min wagdi®s the incubating time.

By employment of IFE-based sensing strategy, thevewient and sensitive
monitoring of a-glucosidase could be easily realized. As shownFig. 6, the
fluorescence intensity of N-doped CDs decreasedi-ghicosidase concentration
increased. A good fitted regression line betweernréhative fluorescence intensityy(F
- F) anda-glucosidase concentrations was obtained in thgeraf 0.2 to 10 U/mL
(The inset in Fig. 6 ), with a linear regression&tipn as

Y = 33.52+76.07X, R=0.9948.

This established IFE-based sensing platform offartmv detection limit of 0.01
U/mL (S/N = 3), which obtained a lower detectiomiliand a wider linear detection
range than the available methods (Table S1) [438b,The reproducibility was also
investigated by five parallel tests. The relatiiangard deviation was 3.1 %,
suggesting the good reproducibility of our method.

3.4. a-glucosidase inhibitor investigation

The possibility of applying the assay for evalugtim-glucosidase inhibitor
efficiency was investigated. Acarbose as a comnmirdéabetes drug was employed
for inhibiting assaysWith the addition of acarbose (inhibitor) to thaegon solution,
the activity ofa-glucosidase could be inhibited, and fluorescengenghing of CDs
could be accordingly recovered, depending on tldeddmount of inhibitors. Fig. 7
showed that the increasing of fluorescence intgemgih the addition of inhibitor. The
inhibiting ability was expressed by inhibition @fl, %), and the equation was:

| (%) = [(F-Fo)/(Fe-Fo) 1 x100 (2)

Where “Rs” is the initial fluorescence intensity in absemder-glucosidase, “F
stands for the fluorescence intensity in preserice-glucosidase without inhibitor,
and “R” is the fluorescence intensityn the presence ofi-glucosidase with the
inhibitor.

As shown in Fig. 7, the analytical performance lestw the inhibition ratio and

the concentration of acarbose was evaluated byyiagpthe logarithm of acarbose
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concentration under the above-mentioned optimizexdditions. The fluorescence
intensity enhanced as the increased acarbose domitcem and good correlation
between the acarbose concentration logarithm aadntmbition ratio was observed
with a wide dynamic range (from M to 10’ M). The fitting equation could be
expressed as

| (%) =122.92 + 19.05logC (M)R? = 0.996.

The detection limit based on three standard emas estimated as oM,
indicating the sensitivity of this proposed send@s, value also known as the
half-inhibition concentration refers to the coneatibn of the inhibitor when the
enzyme-catalyzed reaction is halved, which is useskpress the inhibiting ability of
a-glucosidase inhibitors [37, 38]. The higher inkifiy potency would yield the lower
the 1G5 value. By calculating the regression equation,I@g value of acarbose was
58.68uM. These results clearly demonstrated that thishassay could be employed
for the screening of traeeglucosidase inhibitors in drug discovery.

Pomegranate as a famous medicinal plant in Chimdaows large amounts of
active ingredients, such as polyphenols, flavonaidd polysaccharides [39], which
could inhibit the activity ofx-glucosidase [38-41]. The extracts of pomegranatd p
obtained by various polarity solutions (i.e. watethyl alcohol, methyl alcohol,
n-butyl alcohol and ethyl acetate) were screenethisyproposed sensing method. As
shown in Fig. S5, the Kg values of the extracts of ethanol, water, methgbfzol,
n-butyl alcohol and ethyl acetate ferglucosidase were 0.036,060, 0.117, 0.188,
and 0.686 g/mL, respectively. The extracts of ebhaxhibited the best inhibition
ability, which indicated that thex -glucosidase inhibitors mainly located at ethanol
extracts. The above results showed our proposecbagp could be used for the
sensitive and selective screening of anti-diabegdicine from natural products.

3.5. Selectivity of the proposed sensing approach

Good specificity for target analysis was neces$arya new designed sensing
system with potential applications [42-44]. To ewxde the specificity of the
developed IFE-based assay ferglucosidase or its inhibitor screening, several

potential interfering compounds were investigatadar the same conditions. 2Q
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of various metal ions (206M) including zZrf*, PE*, Na', Mg®*, C&*, Fe*, Cu#*, AI®*
and Ag was added into 1 mL of N-doped CDs (dilution wRBS buffer) with
a-glucosidase (10 U/mL) ion and NGP {®) and then the fluorescence spectrum
was recorded under 410 nm excitation. And somengpiateénterferences in organisms
(glucose, glutathione, bovine serum albumin, gleamsdase and 21 amino acids)
and other glucosidic bond hydrolases sucp-ghicosidase ang-glucuronidase were
also investigated. As shown in Fig. S6 and S7 pittential interferes caused minor
signal fluctuations, indicating the potential ifieging substances have the negligible
influence on the sensor system. In order to furiheestigate the anti-interference of
the sensor system under different buffer solutidfiSPES buffer was also selected as
buffer solution (pH = 6.8) for interference teshdasimilar results were obtained
(Fig.S8), indicating the excellent selectivity aquplicability of the developed sensing
strategy.
Conclusion

A novel fluorescent assay was developed for thiefdetection ofx-glucosidase
inhibitors based on the inner filter effect (IFEj N-doped CDs.The present
IFE-based strategy allowed the design of fluoresessays in a cost-effective and
time-saving way, because maodification of the flygdrore was no longer required.
This IFE-based fluorescent method was applied-¢fucosidase activity monitoring
and inhibitor evaluation, and satisfactory reswere achieved. The detection limit
for acarbose was as low as™®1Ml, which could satisfy the requirements for the
sensitive screening of traceglucosidase inhibitors. Therefore, the proposetisg
strategy was proven to be a rapid, sensitive amdfreendly method for enzyme
activity assay, and provided a potential platforon frace a-glucosidase inhibitor
screening in drug discovery.
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Figure captions

Scheme 1. Schematic illustration of the proposed sensingr@gugh fora-glucosidase activity
detection and its application to inhibitor scregnirased on the inner filter effect.

Fig. 1. TEM image of as-prepared N-doped CDs.

Fig. 2. (A) XPS survey spectrum of the N-doped carbon quandots, (B) high-resolution XPS
spectra of ¢ and (C) high-resolution XPS spectra gf,N

Fig. 3. (A) FT-IR spectrum of N-doped CDs and (B) XRD patteffNaloped CDs.

Fig. 4. (A) Absorption spectra of NGP in the presence oeflucosidase with different
concentrations (from top to bottom 0, 0.5, 1, 8, 3.and 10 U/mL). (B) The fluorescence decay

curve of N-doped CDs in the absence and present@0giL of 4-nitrophenol (15 M).

Fig. 5. (A) Optimization ofa-glucosidase activity assay including pH of PBSusohs (pH = 6.0,
6.8 and 7.2), (B) incubation temperatures (27 “CC3and 47°C), and (C) enzyme reaction times
(from 5 to 35 min).

Fig. 6. Fluorescence responses of N-doped CDs upon addifiovarious concentrations of
a-glucosidase (from top to bottom 0, 0.2, 0.5, 5, 2, 3, 4, 5, 6, and 10 U/mL) with 1 mM NGP
incubated at 37 °C for 25 min and plots gf - versus concentration from 0 to 10 U/mL(inset).
Fo and F are the fluorescence intensities of CDdhénabsence and presencecdflucosidase,
respectively.

Fig. 7. (A) Fluorescence intensity of N-doped CDs in thespnce of various concentrations of
acarbose (from top to bottom 4 to 10 M) and their calibration plots. The inhibitors were

incubated with 10 U/mla-glucosidase and 2 mM NGP (inset).
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Fig. 1. TEM image of as-prepared N-doped CDs.
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Highlights

Green N-doped CDs werefirst prepared by afacile synthesis process
| FE-based sensor without covalent linking or surface modifications was devel oped.
The method was successfully applied to a-glucosidase detection

The method can be employed for sensitive screening of anti-diabetes drugs



