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ABSTRACT: Pesticide residue contamination stands as a primary concern for the safety of agricultural products.
Conventional laboratory detection methods based on large-scale instruments fail to meet time-effectiveness of
detection. The rapid detection method for pesticide residues based on acetylcholinesterase activity inhibition (AChE
inhibition assay) possesses advantages such as portability and high detection speed, making it a commonly employed
screening tool for ensuring the safety of agricultural products. However, AChE inhibition assays faces limitations in

detection sensitivity, primarily attributed to the performance constraints of conventional visible colorimetric,

EEWE: FZKE LRI H (2021YFD1601101), #iiL4 LAl 23 43 AT 5 -4 51 H (LTGN23C200018) . H AR M A2 B 11 11 A 2 -
JoihE 5 RS PTAR AT BA ST F (CAAS-ASTIP-2016-TRICAAS) . E R IR Ml H A F 5 H (CARS-19)
Fund: Supported by the National Key Research and Development Program of China (2021YFD1601101), the Zhejiang Provincial Natural Science

Foundation of China (LTGN23C200018), the Tea Quality Risk Assessment Innovative Research Team in Chinese Academy of Agricultural Sciences
(CAAS-ASTIP-2016-TRICAAS), and the Modern Agro Industry Technology Research System (CARS-19)

“BEMEE: SR, IR, FEURTT AN RS M RE R, E-mail: Ichy@tricaas.com
*Corresponding author: LU Cheng-Yin, Professor, Tea Research Institute, Chinese Academy of Agricultural Sciences, No.9, South Meiling Road,
Xihu District, Hangzhou 310008, China. E-mail: Ichy@tricaas.com



30 B dn 2 4 R R I A 4R

FH15E

impeding its further advancement. The fluorescence methods, utilizing distinctive excitation/emission spectra, have

demonstrated effectiveness in reducing nonspecific interference and enhancing detection sensitivity. Consequently,

using fluorescence signals as the data acquisition serves as an effective approach to address the sensitivity

shortcomings of the AChE inhibition assay. This paper focused on the signal response of fluorescence methods in the

rapid detection of pesticide residues via AChE-inhibition assays, including single enzyme-fluorescent materials,

multi-enzyme cascading reactions and AChE-targeted small-molecule fluorescent probes. In addition, this paper

systematically summarized the target response mechanisms, detection performances and the applications of these

methods. Finally, we provided the prospective outlook on the development of rapid detection of pesticide residues via

ACHhE inhibition assay.

KEY WORDS: enzyme inhibition method; acetylcholinesterase; fluorescence detection; pesticide residues; rapid
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Table 1 Application of AChE/small fluorophore system in rapid detection of pesticide residue via AChE inhibition assay

AChE-/N3F 9 REHA R RETEFR il Flen 6 4 o7 A E=BUN
AChE/TPE i) T 0.001~0.1 ng/mL, 0.3~5.0 ng/mL 0.23 ng/L INIiIR [15]
AChE/TPE fii4: ¥y IRER 0.009~22.5 mg/L 0.008 mg/L [16]

AChE/JE ¥ £11E /i) AuNPs pUEER 0~100 ng/mL 0.05 ng/mL / [17]
AChE/Ji BRI X A 0.01~100 ng/mL 5 pg/mL / [18]
AChE/SiOy/MnO, . ] .

/TPE fif 4 W Xof S 1~100 pg/L 1 ug/L A kK, K [19]
AChE/MnOy/4: %5 N BiR/ ,
eI e 5.0 pg/mL~500 ng/mL 1.6 pg/mL WK [20]
DS/ 4N
AChE/Cu™"/FE Wk iy ,
TR 0~6.0 mmol/L 0.22 pmol/L / [21]
EY]
AChE/MnOy/4-%35-3-53E WA HIRE; 0.4~40 ng/mL; 0.18 ng/mL; Wk -
-1-ZET R FE B 0.5~190 ng/mL 0.24 ng/mL (22]
AChE/SR £ UL i /36 Ik N
T 0~5 pumol/L / / 23
LR " pmo [23]

TE: ARSI AR K, Tl
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Y [R]B JE 25 K52 CQDs ¢, % WUE 54 Ar J i % FE 28k
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TEZIGI I Zerh, X 4BENS AChE JH R H . AChE X
ATCh F#EAL K% . TCh 5 Ellman 3 i 528 LA K 774 2-
fili - 5-%i 2% B iR (5-thio-2-nitrobenzoic acid, TNB)X} N, Cl-
3594 CDs 1 IFE 9 A 8L B R, DAMRIER IR 2 %)
AChE & PR E B DS N . fF TNB 7E 420 nm
HATREIBOERE, 13515 N, Cl-3E487% CDs & tiE
Z A A B H#E, Pk TNB A LI IFE 5(# CDs 946
PR, AR B AChE {6 HE AR 565 78
FAERMET, REIARMPOLES S 0.017~5.0 U/L uH
PIAY AChE ¥ B 22 [ B R RO 2R 56 2R (RP=0.994), iF
MFEZ I 4 AChE FIXT B AL H B4 5108 2 mU/L
H130 ng/L.,

YER—FIET 9K KL, QDs AR FAELRE
P POBELF . ZEREOGIE | ATREROEE R 6S )y THlR
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IR R AT TWIKAE . AR /KRESE R AL B A7 56
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Table 2 Application of AChE/quantum dots fluorescence system in rapid detection of pesticide residue via AChE inhibition assay
AChE-/Ni 75 6REH A Z A 2 TR LRl RN i i B N FHE EZ BTN
POE=R7H 1.2 pmol/L;
AChE/CdTe QD X B 10°~10"2 mol/L 0.94 pmol/L; S [38]
HEAL 11.7 pmol/L
AChE/CdSe #7¢%! QD FH S B 0.05~8 ng/mL 0.05 ng/mL / [39]
AChE/AuNPs/CQDs 25k 0.2~150 pg/L 0.06 pg/L H3kK, #iKk [40]
AChE/DTNB/N, Cl #£4#84¢ CD X S 0.3~1000 pg/L 30 ng/L 145 [41]
[eieisH 5.0x107""~1.0x1077 mol/L; 1.9x107" mol/L;
AChE/DTNB/Z4##1k CD ERE VR 1.0x107"°~1.0x107" mol/L; 4.8x107"" mol/L; / [42]
poE=R: 1.0x107"'~1.0x107* mol/L 3.5x107"2 mol/L
L ~ : : WA,
AChE/CdTe QD xﬂ;@*, 5~100 pg/L; 10 pg/L; [43]
Xof U 5~100 pg/L 10 pg/L A ok
AChE/DTNB/CD X S 0.001~1.0 mg/L 0.4 pg/L / [44]
. o B ; YR, T
AChE/Fe;0,@Si0, #5755 #1401 AR TRt i% ﬁ
35 5 4 11/CQD T, 0.000033~33.33 mg/L (0.44£0.069) pg/L; B, E N, [45]
ZIK
EEER (0.320.033) pg/L BrRAERk, A
POE=R7H 0~5.0 nmol/L; 0.05 nmol/L;
LB ~ ; ; AR, K,
AChE/AUNPS/CQD E&Tﬁﬁﬁé’%, 10~500 nmol/L; 0.10 nmol/L; D (46]
F ek 10~500 nmol/L; 0.12 nmol/L; SR
25 B 10~666 nmol/L 0.13 nmol/L
AChE/Cu*/B, N #482% CD K B 1.0x107°~1.0x10"* mol/L 3.0x107'° mol/L [V [47]
AChE/AuNPs/BNQD X A 0.05~3.0 ug/L 0.0331 pg/L / [48]
AChE/4B2R —J#%/SiQD X A 0.125~12.5 pg/L 0.05 pg/L At [49]
, WK, AR,
AChE/AgNPs/GQD FH S B 0.1~6 ug/L 0.017 pg/L . [50]
AChE/AuNCs/CQD -7 1~50 pg/L 0.81 pg/L / [51]
, Rk, WK,
AChE/MnO»/BCNO QD X A 0.1~250 pg/L 0.03 pg/L o [52]
AChE/MnOy/N $2% CQD BEALIR 1~30 pmol/L 0.01 pmol/L K, ok [53]
, FNEE PN
AChE/CdTe QD RN 0.1~50 pg/L 0.027 pg/L R 54
? e e ZETRET I
AChE/fb A1 844/CD AL 2.5 ug/L~0.1 mg/L 0.14 pg/L / [55]
X INK KL AN
AChE/CQD KZ W, 0.01~5 mg/kg 0.003 mg/kg . ) [56]
#. K#E
AChE/DTNB/CQD AL 0.02~0.18 mg/L 2.7 ng/L K, SR [57]
LR R TR .
5 I DL _ 0.170 pg/L;
AChE/S 7% CQD — 5~300 pg/L 1.50 g/l / [58]

#: DTNB %7~ 5,5 i3 Q2-iEFE 2R iR)[5,5°-dithio bis-(2-nitrobenzoic acid)],

FEAT BB CR) AARB R ASH FIE BUAS B 5 S A N A5
THLITEC Pk, QDs 7ESEERIS T3 I 3 1 22 DR AN A RE,
it 2t IS AR R O SR AR TR S OGN RE A

2 ET SRR NN E

Z RN, AT — D WA SN 7 4 AT B 2k
FEFRURIIE RCHS 5 S I, 8 e A ] — B MR 2 R 5 1A
[ B s, 08 st 23 22 A Tl AR 2 0L A i T i
LML), Wk AR .
U AR BRI AT o2 RO, TETE 4y

R ) AR T ) 7 ) AR A, Sy 22 TR IR e ok T 8 T
I AU SR, A B b A A IR . ALK
A 25 S AT AR B T Tz e D,

WE 1 PR, FE3F BG4 25 5% B8 9O,
Z AR L AChE FMARAH F L (choline oxidase, ChOx)fH
MUK R EBY: ACKE 41k 2 BEARFH (acetylcholine, ACh)
MR SR, J5EVEN ChOx FIRYI R B SR
S, B2 oy iR AR SRR AN HzOz[gz]o X H0, HY &
A4 AT SEIXT AR 2R AChE W& PEB9AG I, 15 1M 52 B RE
i AR 2 % B ) M AT .
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Fig.l Chemical mechanism of double-enzyme-cascade reaction

XU I i JO7 44 28 PP A2 9 HL0, 1T LAESA7E K QDs
P, HIR H,0, 5 QDs WA HAE M5 S B KL
TR, R H A X 5 675 5 TR Ao 7 i
TEEARZ M iAT B3 L1 B T — s B, 45 T N
S #t454% CQDs HF Wil AChE/ChOx 2l 52 1 724 H,0,
5 MR BRI 288 il %R T8 24 E GQDs #
TIZ5H, S2PL TR BRAR 2 5.4%107° mg/L A9 5 B 1, 2%
PEFERE N 6.3x10°~6.3x107 mg/L., Z5HF20, w5 57 Mo i
I8 N S LB T X H,0, Ay K 8 ) ikt A
HL 9 R s, 3 T R F R85 N ) H,0, 5 GQDs 2Z ]
L T5682 . SAHUB UG GQDs R LS Tk
VR A R B A AR AR, A R ENR NS R
GQDs/AChE/ChOx, H-5EF M4 H T —Fk OPs & 24511
O & o WA ROV =) Hy0, 15 3 it TS T L fof 55 B, G
GQDs £ 467 nm LM HOGR T, SEHL T DG FF -2 K .
2 OPs #i5| AMRZRIFIH AChE J&, H,0, 4= plii T [
GQDs/AChE/ChOx {1 1 R B H 56 6o B i H A2 . %A%
JEARXT 0.1~10 mg/L ¥R BEVE BBl A BB 1A 2Rt 1o, A
HBRHM 0.172 mg/L. S5REW, %L AT LA 2 He™ LA
SN RZHETRET, HEUAVEAPRESHK . BRE
SEPRRE D 1 XU G R R A IR, HUANG ZE8005 ] A Bk
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Fig.2 General structure of fluorescent probes
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