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The mechanisms for the fluorescence-based assay



1. Introduction

Medicinal plants (MPs) as the common therapeutentggand nutritional supplements
have been widely used in developing countries tmeatitheir strong reputation for excellent
beneficial efficacy (Huang et al., 2Q1Bhang et al., 2015&hu et al., 2014). According to
the report from World Health Organization (WHO)getimternational market of MPs has
expanded very fast in recent years and the anrale$ $s estimated to be USD 60 billion
(WHO, 2002). However, pesticide residues have hedected in many MPs distributed in the
market, and the levels of some samples even exitteedhaximum residue limits (MRLS)
regulated by the European Union (EU) (Kuang et 2013). Particularly, some of the
pesticides are categorized as highly hazardous onexxtremely hazardous ones by the
WHO, such as carbofuran, methomyl, omethoate andrsolt is well known that the
pesticides residues could enter the human bodyoadd chain, thus even trace amount of
them could pose a huge threat to human health (@ment of Canad&raft, 2015 Lei et
al., 2015 United States Environmental Protection Agency). Thereasing safety risk
regarding MPs pesticides pollution has caused wwoittk concerns.

Carbamate, organochlorine and organophosphoruscidest are the three major
insecticides that used in the process of MPs pitamlucin comparison with the other two
types of pesticides, carbamates are well-known tfegir low bio-accumulation, low
mammalian toxicities and broad spectrum of pesttrognresulting in a massive use for

controlling pest so as to increase agriculturaldggCesarino et al., 201Eddleston et al.,



2002 Wu et al., 2005). Recently, a variety of methodgehaeen employed in the detection of
carbamate pesticides. Featuring with low detediiits, high separation efficiency and high
reproducibility, the chromatographic methods inahgd gas chromatography, high
performance liquid chromatography and capillarycetghoresis coupled with various kinds
of detectors are commonly used (Chowdhury et Gl32Grimalt and Dehouck, 201 &1asia

et al., 2016 Wei et al.,, 2016). However, these techniques reqaualified personnel,
expensive instruments and tedious sample preparatitich limit their usage in MPs
production, storage, and distribution process. &loee, it is very attractive for developing
some cheap, rapid, user-friendly platforms for e-snonitoring, such as sensing and
immunoassay techniques (Choi et al., 20¥4 et al., 2015Rodrigo et al., 2014Ye et al.,
2016).

Owing to great progress in the interdisciplinargldi of material sciences, the
fluorescence-based techniques have obtained raplideamarkable development. Comparing
with colorimetric detection methods, fluorescenesdd techniques have become the
powerful approaches for the contaminants analyséstd the higher sensitivity. Quantum dots
(QDs) are the most dominant nanomaterial adoptédanescence-based techniques, because
of the striking characteristics including high gtian yield, less environmentally sensitive,
broad absorption spectra, as well as narrow andr&tnic emission bands (Alivisatos, 2004
Lia and Zhu, 2013Michalet et al., 2005). Some previous studies hhamhlighted the
application of QDs-based biosensors on the trasgqgmes detection due to their remarkable

sensitivities, the limits of detection (LODs) of wh were much lower than the regulatory
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limits or guidelines (Nsibande and Forbes, 2(Rén et al., 2015Yi et al., 2013). Core/shell
QDs, with the protection of an inorganic shell lage the QD surface, outperform core-only
QDs with the advantages of higher resistance tonada degradation and higher quantum
yield (Danek et al., 19961ines and Guyot-Sionnest, 1996). However, only lmnsensor has
been reported so far for the sensitive detectionanbamate pesticide on the basis of core-
shell QDs (Zhang et al., 2015Db).

In this study, a simple, rapid, and sensitive meétbased on core-shell QDs has been
developed for the detection of three carbamatdqidss, including carbofuran, aldicarb and
methomyl. The proposed strategy of the assay isstiited as follows (Scheme 1).
Acetylcholine (ACh) can be hydrolyzed and oxidiZag acetylcholinesterase (AChE) and
choline oxidase (ChOx) along with the productiorhgfirogen peroxidase, which will cause
the fluorescence quenching of QDs. In the presefh@arbamate pesticides, the reaction of
ACh with AChE could be inhibited, and the inhibiticefficiency could be evaluated by
measuring the fluorescence changes of QDs. Asndistiom the biosensor with complex
assembly process, the present method providesmesapproach to detect analytes with only
a mixing process. It would largely reduce the castl simplify the operation for the
manufacture of this sensor. Furthermore, it shpetential to be a convenient tool for onsite
analysis of carbamate pesticides by combing withoaable fluorescence spectrometer.
Besides, molecular docking has been carried ouintvestigate the binding modes and
interactions of the investigated carbamate pestcuith the active sites of AChE.

Since various kinds of substances in real sampieintiuce suppression or enhancement
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of the detection signal, the sample matrix couldeha strong influence on the quantification
of the analytes (SANTE, 2015). Several studies havestigated the matrix effects of crops,
vegetables, fruits, and MPs in the quantitatively@m® of pesticide residues by using
traditional chromatographic method (Guedes et28l16 Hajslova and Zrostlikova, 2003
Hernandez et al., 200Mastovska et al., 2002Zuin and Vilegas, 2000). Particularly, a
variety of active components in MPs, including gsapp alkaloid and phenolic acid may
interfere with the analysis to a great extent. €fae, in order to highlight the applicability of
the developed method for the detection of pesticidereal samples, the matrix effects of
eight common MPsRanax ginseng, Codonopsis pilosula, Poria cocos, Chinese yam, Lycium
chinensis, Astragalus membranaceus, Glycyrrhiza uralensis, and Pericarpium citri

reticulatae) have been systematically explored in the presenik.
2. Materials and methods

2.1 Reagents, chemicals and standards

Acetylcholine chloride (ACh-CI), bovine serum albimm(BSA), hydrogen peroxide
(H20,), AChE (Type VI-S>1000 U/mg fromElectrophorus electricus, lyophilized powder)
and ChOx %10 U/mg fromAlcaligenes sp., lyophilized powder) were purchased from Sigma
Aldrich. Carbamate pesticide standards, includiagoofuran, aldicarb and methomyl were
purchased from Dr. Ehrensdorfer (Augsburg, Germanlyee different sizes water-soluble
CdSe/ZnS core/shell QDs were supplied by Ocean tdahdSpringdale, AR, USA), and the

maximum fluorescence emissions of QD 1, 2 and w30 nm, 597 nm, and 650 nm,



respectively. Phosphate buffered solution (PBS) 8 10 mM) and Milli-Q ultrapure water
(Millipore, >18 MQ-cm) were used throughout. Acetonitrile was usedorepare stock
solutions of the investigated pesticides, whichenden stored at 4 °C in the refrigerator. A
series of working solutions were prepared dailydbyting stock solutions with PBS (pH 8.0,
10 mM) containing 0.5 mg/mL of BSA. Dried MPs sas®plincludingPanax ginseng (P.
ginseng), Codonopsis pilosula (C. pilosula), Poria cocos (P. cocos), Chinese yam (C. yam),
Lycium chinensis (L. chinensis), Astragalus membranaceus (A. membranaceus), Glycyrrhiza
uralensis (G. uralensis), andPericarpium citri reticulatae (P. citri reticulatae) were purchased
from NEAUTUS Traditional Chinese Medicine Co., Lid.Sichuan, China.
2.2 Apparatus

A Lumina Fluorescence Spectrometer (Thermo Fisloegn8fic) was used to measure
the fluorescence intensities of solutions. Both ¢keitation and emission slits were set at 5
nm. The samples for the fluorescence measuremesrts placed in a quartz cuvette with an
optical path length of 10 mm. The sample treatmeas carried out on an ultrasonic cleaner
(SCIENTZ SB-300 DTY, Ningbo Scientz Biotechnologyg.CLtd., China).
2.3 Experimental procedure for pesticide determination

The MPs specimens were sliced into small piecesirf2in diameter) and then mixed
together thoroughly. 1.0 g homogenized sample veasterred into a 15 mL glass centrifuge
tube, and 10 mL acetonitrile was added. The samgle extracted by sonication for 10
minutes at 60 kHz, and then the tube was centrifige5 min at 800xg at 25 °C. 1.0 mL of

the supernatant was decanted into a 2.0 mL cegérifube before evaporating to dryness with
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a gentle stream of nitrogen at room temperature. résidue with various concentrations of
carbofuran was reconstituted in AChE (83 U/L, 300 and incubated at 35 °C for 20 min.
After step-wise addition of 425 ChOx (882 U/mL), 12%L QDs (0.02uM) and 50uL ACh
(6 mM), the fluorescence signal of the samples warded over time with emission
wavelength range of 550-650 nm. The fluorescenemsity was measured with an emission
of wavelength of 597 nm. All the data were preserfitem three independent experiments.
2.4 Molecular docking

Molecular Operating Environment (MOE, Chemical Canimpg Group, Canada) was
used as docking software to mode the interactidnhie pesticides and AChE. The X-ray
crystal structure of AChE was taken from the Proteata Bank (PDB code: 1ACJ), and
water molecules were removed from the PDB filese ®tructures of pesticides were
converted to 3D structures, and docked into thveslite of the protein after energy being
minimized with the Merck molecular force field 94MMFF94x) using MOE. The Dock

scoring in MOE software was done by ASE scoring:fiom.
3. Results and discussion

3.1 Fluorescence quenching effect of the CdSe/ZnS QDs

Three different sizes of CdSe/ZnS QDs were chatiaetd with fluorescence emission
spectra at first. As shown in Fig. 1, the narrowission spectra of the QDs in agueous
solution were presented and indicated the unifoza ef the QDs. It can be seen that the

maximum fluorescence emissions of the QDs at 590, &hd 650 nm when the excitation



wavelength at 360 nm. It is demonstrated from Highat fluorescence intensity of QDs
decreased with the addition of hydrogen peroxids. described above, ACh could be
hydrolyzed and oxidized with the generation of logmn peroxide in the presence of AChE
and ChOx. Therefore, the fluorescence of QDs cbeldjuenched by the enzyme-generated
hydrogen peroxide.
3.2 Optimization of experimental parameters

In the present study, comprehensive investigatiese performed on experimental
parameters that influence the fluorescence quegatiiect of the solution-based biosensor.
Parameters such as QDs species, the concentraifo@5H0Ox, pH value, detection time,
incubation temperature and incubation time wereénupéd. The stronger quenching effects
of H,O, on QD 1 and QD 2 were observed in Fig. 1 whiledtwecentration of QD 2 was less
than that of QD 1. Thus, QD 2 with the maximum flesrence emissions at 597 nm was
selected in the following experiments.

To evaluate the fluorescence quenching effectshefexperimental parameters in the
absence of pesticide, quenching efficiently] values were calculated via equation 1.

AF, = F, — F, (1)

whereFy andF; are the fluorescence intensity recorded at 59before and at different time
after the addition of ACh in the detection systeaspectively. The ChOx concentration could
directly influence the generation o®,, and it was optimized at first. The effect of ChOx
concentration within the range of 41.7-375 U/L viragestigated. ThaFt values gradually

increased with the increase of ChOx concentratiogre a slight increase of fluorescence
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intensity could be observed from 250 to 375 U/Ln€ldering sufficient amount of ChOx was
very important to the production of,8,, 375 U/L was selected as the optimum concentration
in the following experimentACh hydrolysis reaction was performed under a kiadiy
controlled condition. In order to produce the suéint HO, and get better reaction activity of
AChE, a large amount of ACh is necessary. The tesodlicated that thaF; values reach a
balance when ACh concentration was more than 300Am pH as another critical factor
that would affects enzyme activity dramaticallydgyH 8.0 was selected since the optimum
pH values for AChE and ChOx were 8.0-9.0 and 7@a8cordingly. Furthermore, tid
reached a maximum value and tended to stable wilgbation temperature and time for
AChE were optimized as 35 °C and 20 min, which siaslar with the previous study (Wu et
al., 2017 Zheng et al., 2011). Finally, different detectiomd¢s were studied to ensure the
reproductivity, and 30 min was chosen in the furtbeperiment because the fluorescence
intensity changed slightly after 30 min.
3.3 Inhibition efficiency of carbamate pesticides

As the AChE inhibitors, carbamate pesticides caulubit the enzyme activity thus
caused the decrease of QDs fluorescence quenckidngsequently, the fluorescence
variations could be used to evaluate the inhibigdirciency of pesticide. A proper AChE
concentration was necessary for sensitive deteaifopesticides, which would provide a
satisfied linear range between the inhibition e&ficy and the pesticide concentration. Hence,
the effect of three AChE concentrations (12.5, 248d 125 U/L) on the fluorescence

variations was investigated while keeping othereexpental conditions unchanged. In the
8



present work, carbofuran was selected as the remias/e pesticide to evaluate the inhibitory
effect of the pesticide. The values of inhibitidfiagency (IE, %) were calculated according

to the following equation 2:

I (o) = Segpacinens 100 (2
where AF30 without aNd AF30 with are the absolute quenching efficiency for thet f88 min
without and with inhibition at a certain concenivatof pesticide, respectively.

In this work, the IE values significantly increasedth the increase of carbofuran
concentration from 2 to 50 nM when the concentraiodd AChE was 24.9 U/L. With the
carbofuran concentration was further increased G0 @M, the IE values was increased
slightly (Fig. 2A). When the concentration valuesre transformed into logarithmic forms,
the relationship between the IE values and theigst concentrations showed a good
linearity (R% = 0.9921) (Fig. 2B). Conversely, the narrow lineange was obtained in the
presence of the lower AChE concentration at 1215 dhd the detectable limit was worse
when the higher AChE concentration at 125 U/L. Assult, the AChE concentration of 24.9
U/L was chosen for the further experiment. In orledemonstrate the applicability of this
method, aldicarb and methomyl were selected anesiigated in this study. As shown in Fig.
3, the linearity for methomyl and aldicarb were eved in the range of 50-5000 nM. The
correlation coefficientR?) for methomyl and aldicarb were 0.9768 and 0.993 limits of
detection (LODs) for carbofuran, aldicarb and metiilbwere 2, 50 and 50 nM, respectively.

Moreover, to compare the strength of inhibitoryeets of the three investigated

carbamate pesticides, the concentration that iredaceinhibitory effect of 20% (g) has
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been calculated. And the J¢values were determined using the linear regressgurations
(Fig. 2 and Fig. 3). According to the results, cdioan showed strong inhibitory effect with
IC,o of 8.9 nM, while aldicarb and methomyl exhibitedaherate inhibitory effect with 1§ of
109.6 nM and 229.1 nM.
3.4 Molecular docking results

In order to reveal the potential mechanism of tiffer@nces in inhibition strength among
several pesticides on AChE, the binding modes @& $lelected pesticides have been
investigated using the molecular docking methocerétare two important properties required
for the inhibitory effect. One is the steric projes to block access and form a stable enzyme-
inhibitor complex. The other is high reactivity thle carbonyl carbon of carbamate pesticide
to accept a nucleophilic attack from the serinerbyd in the active site of AChE. In this
study, the steric properties of pesticides werestigated, since docking algorithms do not
include the nucleophilic attack. It is well knowhat the catalytic anionic site (CAS)
composed of Trp84, Phe330, and Phe331 is one didinee site of AChE while the other is
esteratic site containing the catalytic triad S@rRlis440-Glu327 (Fig. S1) (Fang et al., 2008
Pan et al., 2014). According to the molecular dogkiesults, the strong binding affinities
were found between the selected carbamate pestiaiat the CAS site of AChE. As shown
in Fig. 4, the molecular docking results suggesited strongt—r interaction could be formed
between Trp84 and the pesticides at the aniorec A a result, the pesticides with aromatic
group like carbofuran showed the strong inhibit@fyect. Aldicarb and methomyl had

aliphatic groups which can form ki-interaction with Trp84 and Phe330, respectively.
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Therefore, both of them showed the moderate indnpieffects.
3.5 Sample matrix effect

In order to investigate the applicability and rbilay of the developed method in the real
samples analysis, the matrix effects of eight MRduding P. ginseng, C. pilosula, P. cocos,

C. yam, L. chinensis, A. membranaceus, G. uralensis, andP. citri reticulatae on the detection
system have been explored.

Firstly, the effects of the sample matrix on theQMere investigated and evaluated by
the fluorescence intensity ratio of QDBnfwix / Fpeg prepared in sample matrix and PBS
solution, respectively. As shown in Fig. 5A, mosttlie MPs matrices have not shown the
significant influence on the fluorescence intensityQDs except that db. uralensis andP.
citri reticulatae. It can be seen that some pigments adhered tbattem of tube when the
acetonitrile extractions of these two MPs were evajed under a stream of nitrogen. This
indicated that water-insoluble pigments in the MBsple would bring the interference to the
qualification and quantitation of analytes by usopgical biosensor.

After that, the effects of sample matrix on theeddbn system were studied and
compared in the selected MPs exc€pturalensis and P. citri reticulatae. Fluorescence
percentagesAF3o matrix / AF30 ps9 Were calculated to evaluate the matrix effectergiAF3o
matrix aNd AF3p pgsare the absolute quenching efficiency for the f86t min of biosensor
prepared in sample matrix extract and PBS solutieapectively. Fig. 5B shows that the
matrix effects in the range of 62.9% to 108.1%, &doilosula had highest suppression

effect.
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In this work, the fluorescence quenching effecafs was influenced by the production
of enzyme generated,B8,. Therefore, the suppression effects of the MPsvessociated
with the consumption of ¥D, or the inhibitory effect of AChE. To investigateet effect of
sample matrix on the consumption of®4, the QDs were prepared in the PBS solution and
MPs extract th different sample matrix, respectively; and then mixed with a fixed amount
of H;0,. F10 marixand F1o pgs Wwere the fluorescence intensity at the 10 minratie HO,
added separately into the sample matrix extractRBE solution, while fluorescence ratios
(F10 matrix/ F10 pB9 Were used to evaluate the effect of sample mainixhe consumption of
H.O.. If the sample matrix can consume the generat€,Hhe fluorescence ratio would be
greater than 1. Fig. 5C shows that all the samp&ices have no positive effects on the
consumption of BO,. In other words, the suppression effect in MPs watisbuted to the
inhibitory effect of sample matrix on AChE insteaitthe consumption of #D,. According to
the previous study on the screening of the AChkbitdrs from natural plants, alkaloids were
considered important constituents with anticholieesse properties (Konrath et al., 2013
Mukherjee et al., 2007). Alkaloids are one of thairmchemical constituents of the plants
from genusLycium and Codonopsis (He et al., 2015Qian et al., 2017) , which may be the
good explanation for the inhibition effects@fpilosula andL. chinensis on AChE activity.

To evaluate the practicality of the proposed methmdthe pesticide detection, the
inhibition effects of pesticide on the detectionsteyn in the presence and absence of
carbofuran have been compared. The differenceshibition efficiency AIE) between the

concentration of carbofuran at 0 andM revealed the AChE sensitivity to the pesticidig(F
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5D). In comparison with control group (PBS solujiostronger AChE sensitivities were
observed in three MPs includiri®g) ginseng, C. yam and P. cocos, which suggested that the
pesticide analysis in these three MPs were as gedHat in PBS solution. However, weaker
AChE sensitivities were obtained A& membranaceus, L. chinensis and C. pilosula. As we
speculated in the above, the weaker AChE sensvih L. chinensis andC. pilosula may be
resulted from the presence of alkaloids. But formembranaceus with high content of
saponins, flavonoids and polysaccharides exceptlatls (Fu et al.,, 2014), pesticide
degradation and dissipation in plants may be thea® for none AChE sensitivities (Fantke
and Juraske, 201Zhou et al., 2015).
3.6 Pesticide detection in real sample

Subsequently, using carbofuran as a model, thecaylty of the developed method for
determining the investigated carbamate pesticideeal samples has been evaluated. The
matrix-matched calibrations in MPs were prepared studied. As shown in Fig. S2, the
inhibition efficiency of carbofuran increased withe increase of pesticide concentrations.
The regression analysis between the IE value amd Idlgarithmic form of pesticide
concentrations displayed satisfactory linearityg(F8). It is demonstrated from Table 1 that
linearity in the range of 2-200 nM and 5-500 nM sv@btained in PBS solution and MPs,
respectively. The results showed carbofuran exddbsatisfied calibration capacity with
correlation coefficientsRf) higher than 0.95 for all analytical curves excépt that inA.
membranaceus. And the LODs for carbofuran in MPs sample maitvere 5 nM, which were

lower than the MRLs regulated by the United St&msd and Drug Administration (FDA) as
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well as European Union (EU). The slope ratios dibcation curves in the sample matrix and
PBS solution were compared to investigate the matifiect in the pesticide detection. The
slope ratios of 1 indicates that the matrix does significantly suppress or enhance the
signal, otherwise denoting suppression (<1) or rodiment (>1) effect. It was demonstrated
from Table 1 thatP. cocos and L. chinensis with slope ratio at 0.77 and 0.84 showed the
suppression effects. The strongest enhancemerat @fess observed if. pilosula, followed

by C. yam andP. ginseng with relatively less enhancement effects. Andslope ratios in the
range of 0.77-1.24 illustrated the high occurreotceatrix effect. As indicated in Fig. 1, the
standard deviations (SD) of repeated experimen® gwocos, C. yam andP. ginseng were
smaller than those i@. pilosula, andL. chinensis. It means the precise and accurate results
for the sensitive detection of carbofuran couldelsily obtained ifP. cocos, C. yam andP.
ginseng. The diverse SD values may attribute to the reatdekdifferences in the sensitivity

of AChE to carbofuran in different sample matrices.

4. Conclusions

In the present study, a simple and sensitive flemept technique based on core-shell
QDs has been developed for the detection of cartgarpasticides. The experimental
parameters that influence the fluorescence quegatiiiect of the solution-based biosensor,
including QDs species, the concentrations of Ch@H, value, detection time, incubation
temperature and incubation time were optimized. ddrile optimum conditions, the lowest

detectable concentrations for the investigatedi@dss including carbofuran, aldicarb and
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methomyl were no more than 0.8, which were lower than the MRLs. The molecular
docking study indicated that the selected carbampeasticides bound to the catalytic active
site of AChE vian—t or H=t interactions. Moreover, the matrix effects of ¢ifPs on the

detection system have been explored to investitiegeapplicability and reliability of the

developed method in the real samples analysis.sldee ratios ranged from 0.77 to 1.24
indicated high occurrence of matrix effect in MR&d the necessity of matrix-matched
calibration in real samples. In summary, we belidwe contents reported in this paper are
helpful to the researchers who focus on the rapitkrchination of some trace carbamate
pesticides in real samples, especially those witmplex matrices like MPs, vegetables,

fruits, and other agricultural crops.
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Table 1 Analytical performance of the present work.

Linearit Correlation LODs Slope
Control / MPs Linear Equation
y range (nM) coefficient (R?%) (nM) ratio
Control 2-200 y =-21.045x + 63.114 0.9921 2 1.00
Astragalus membranaceus N°® N N N N

Poria cocos 5-500 y =-16.102x + 44.478 0.9554 5 0.77
Lycium chinensis 5-500 y =-17.665x + 51.171 0.9839 5 0.84
Panax ginseng 5-500 y =-22.031x + 72.228 0.9779 5 1.05
Chinese yam 5-500 y =-25.162x + 71.044 0.9901 5 1.20
Codonopsis pilosula 5-500 y =-26.165x + 70.260 0.9746 5 1.24

&N: not detected.
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Figurelegends

Scheme 1. Schematic illustration of the biosensor for thebamate pesticides detection in
medicinal plants based on core-shell QDs.

Fig. 1 The fluorescence spectrum of three kinds of QDs (Solid line; QD 1, 530 nm, green line;
QD 2, 597 nm, red line; QD 3, 650 nm, crimson line) and the QDs after the addition of
hydrogen peroxide at 10 min (Dashed line; QD 1, 530 nm, green line; QD 2, 597 nm, red line;
QD 3, 650 nm, crimson line). The concentrationsQd 1, QD 2, QD 3 and hydrogen
peroxide were 17.5 nM, 2.5 nM, 7.5 nM and 0.6 mbgpectively. (Excitation wavelength:
360 nm)

Fig. 2 The plots of inhibition efficiency vs Carbofuran na@ntration (A) and inhibition
efficiency vs the logarithm of Carbofuran concemtra (B) in PBS solution. The
concentrations of QDs, AChE and ChOx in all expents were 2.5 nM, 24.9 U/mL and 375
U/mL, respectively.

Fig. 3 The linear relationship between the inhibition @énhcy with the logarithm of
concentration of methomyl (A) and aldicarb (B) raaggfrom 50 to 5000 nM, and the plots of
inhibition efficiency and the concentration of mathyl (C) and aldicarb (D) ranging from 50
to 5000 nM.

Fig. 4 Molecular docking of carbofuran (A and B), methon{{), and aldicarb (D) with

AChE generated with MOE.
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Fig. 5 The effect of sample matrix on the fluorescendenisity of QDs (A), biosensor
without pesticide (B), the consumption of hydrogmmoxide (C) and the pesticide detection
(D).

Fig. 6 The linear relationship between the inhibition @énhcy with the logarithm of
concentration of carbofuran ranging from 5 to 500in Panax ginseng (1); Poria cocos (2);

Chinese yam (3); Codonopsis pilosula (4) andLycium chinensis (5).
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Scheme 1. Schematic illustration of the biosensor for the carbamate pesticides detection in

medicinal plants based on core-shell QDs.
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Fig. 1 The fluorescence spectrum of three kinds of QDs (Solid line; QD 1, 530 nm, green line;
QD 2, 597 nm, red line; QD 3, 650 nm, crimson line) and the QDs after the addition of
hydrogen peroxide at 10 min (Dashed line; QD 1, 530 nm, green line; QD 2, 597 nm, red line;
QD 3, 650 nm, crimson line). The concentrations of QD 1, QD 2, QD 3 and hydrogen
peroxide were 17.5 nM, 2.5 nM, 7.5 nM and 0.6 mM, respectively. (Excitation wavelength:

360 nm)
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Fig. 2 The plots of inhibition efficiency vs Carbofuran concentration (A) and inhibition
efficiency vs the logarithm of Carbofuran concentration (B) in PBS solution. The
concentrations of QDs, AChE and ChOx in all experiments were 2.5 nM, 24.9 U/mL and 375

U/mL, respectively.
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Fig. 3 The linear relationship between the inhibition efficiency with the logarithm of
concentration of methomyl (A) and aldicarb (B) ranging from 50 to 5000 nM, and the plots of
inhibition efficiency and the concentration of methomyl (C) and aldicarb (D) ranging from 50

to 5000 nM.
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Fig. 5 The effect of sample matrix on the fluorescence intensity of QDs (A), biosensor

without pesticide (B), the consumption of hydrogen peroxide (C) and the pesticide detection
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Fig. 6 The linear relationship between the inhibition efficiency with the logarithm of

concentration of carbofuran ranging from 5 to 500 nM in Panax ginseng (1); Poria cocos (2);

Chinese yam (3); Codonopsis pilosula (4) and Lycium chinensis (5).
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Highlights

» Detection of carbamate pesticides using a fluoress®ased technique.
» The LDC for the investigated carbamates was no riane 0.0uM.

» Carbamates bound to the CAS of AChEm& or H-t interactions.

» Matrix effects of eight MPs on the detection systeene explored.



