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1. Characterization of GO

The GO was characterized by XRD and FT-IR. The XRD pattern of GO was shown 

in Figure S1A. The diffractogram shows a characteristically strong peak of GO at 

11.38° (2θ).1 There is also a weak and broad diffraction peak that appears at 21.62° 

(2θ), indicating the presence of unoxidized graphite residues.2 FT-IR spectrum of GO 

obtained from the KBr pellet is shown in Figure S1B. The spectrum shows a strong 

and broad absorption at 3195 cm-1 due to the O-H stretching vibration.3 The C=O 

stretching peak is observed at 1731 cm-1 and the peak at 1618 cm-1 may be attributed to 

adsorbed water molecules or the carbon skeleton vibrations of graphene. The peak at 

1226 cm-1 represents the stretching of C-O-C and the peak at 1052 cm-1 corresponds to 

C-O groups.4 

Figure S1 (A) XRD pattern and (B) FT-IR spectrum of GO. 
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2. Synthesis and characterization of AuNPs

The AuNPs were synthesized by the sodium citrate method. Briefly, 100 mL of 

250 μM HAuCl4 solution was heated to boiling under constant stirring. Rapidly, 2 mL 

of 0.34 M citrate solution was added. After heating for about 7 min, the color of the 

solution changed from light yellow to wine red, and then the heating was stopped. After 

the solution was cooled to room temperature with continuous stirring, the AuNP 

colloidal solution was prepared. 

The AuNPs as prepared were characterized by UV-vis spectroscopy (UV-8000, 

Metash, China), transmission electron microscopy (TEM, JEM-2100UHR, JEOL, 

Japan), and zeta potential (NanoS, Malvern, England). The UV-visible spectrum shows 

the presence of a broad absorption band in the visible region at 520 nm (Figure S2A), 

corresponding to the surface plasmon band of AuNP. The TEM image (Figure S2B) 

clearly shows the existence of well-separated spherical nanoparticles with a diameter 

of 32.73 ± 6.8 nm. The zeta potential of AuNP is measured to be -41.2 mV (Figure 

S2C). It confirmed the formation of negative charges on the surface of AuNPs due to 

the citrate capping. 

Figure S2 Characterization of AuNPs.
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3. Fabrication of the AChE-Cu3(PO4)2 HNF/AuNP/GO/GCE

Figure S3 Schematic illustration of the fabrication of AChE-Cu3(PO4)2 HNF/AuNP/GO/GCE.
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4. SEM characterization of Cu3(PO4)2 nanosheets

Figure S4 The SEM image of the nucleation of Cu3(PO4)2 nanosheets.
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5. XRD and FT-IR characterization of the AChE-Cu3(PO4)2 HNFs

Figure S5 (A) XRD pattern and (B) FT-IR spectrum of the AChE-Cu3(PO4)2 HNFs.
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6. Steady-state kinetic study of the AChE/Cu3(PO4)2-HNFs

Figure S6 The steady-state kinetics analysis of the AChE/Cu3(PO4)2-HNFs and the free AChE. 
Michaelis-Menten curves of the AChE/Cu3(PO4)2-HNFs (A) or the free AChE (C) toward ATCl. 
The Lineweaver-Burk plots of the AChE/Cu3(PO4)2-HNFs (B) or the free AChE (D) for ATCl.
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7. Cyclic voltammograms for different modified electrodes

Figure S7 Cyclic voltammograms obtained in 5 mM [Fe(CN)6]3-/4- (1:1) PBS containing 0.1 M 
KCl at different modified electrodes.
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8. Control experimental data

As shown in Figure S8, dichlorvos could not produce any SWV signal even at a 

concentration of 1 mM (curves a-d). This indicates that dichlorvos itself does not 

present any oxidation or reduction peaks. Then, the SWV response of PBS was 

examined with the bare electrode (curve e) and enzyme-containing electrode (i.e., 

AChE-Cu3(PO4)2 HNF/AuNP/GO/GCE) (curve f), respectively. As illustrated in 

Figure S8, the PBS buffer caused a slight drift of the response signal, forming a 

background signal, regardless of the electrode surface modification. However, these 

influences are very small compared to the SWV signal brought by ATCl (curve g). 

Therefore, it is presumed that both the main and shoulder peaks should come from the 

oxidation reaction of the products generated by AChE-catalyzed ATCl hydrolysis on 

the electrode surface.

Figure S8 Comparison of the SWV response obtained from the control experiments (curves a-d: 
response of AuNP/GO/GCE to dichlorvos at different concentrations: a, 100 pM, b, 100 nM, c, 

100 μM, and d, 1 mM; response to PBS by bare GCE (curve e) and AChE-Cu3(PO4)2 
HNF/AuNP/GO/GCE (curve f)) with that of the AChE-Cu3(PO4)2 HNF/AuNP/GO/GCE to ATCl 

in PBS (curve g). 
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9. Calibration plot for the Ellman method

Briefly, after reacting the free AChE (1 mg mL-1) with dichlorvos at different 

concentrations (0, 10 pM, 100 pM, 1 nM, 10 nM, and 100 nM) for 10 min, 200 µl of 

the reaction solution was taken and mixed with 200 µl of 20 mM DTNB, 100 µl of 40 

mM ATCl, and 2.5 ml of water. After 30 min of reaction, the absorbance at 412 nm 

was measured. The inhibition rate (I′ %) of dichlorvos was calculated using the 

following equation:

                                          (1)𝐼' % =  (𝐴0 -  Ai)  A0 ×  100 %

where A0 and Ai represent the absorbance at 412 nm of the AChE before and after 

exposure to dichlorvos, respectively. The calibration curve was obtained by plotting the 

I′ % against the logarithm of concentration of dichlorvos (Figure S9). The calibration 

equation is I′ % = 8.32 × log[dichlorvos] + 33.60 with a correlation coefficient (R2) of 

0.996.

Figure S9 The calibration plot by plotting the inhibition rate (I′ %) and the logarithm of 
dichlorvos concentration.
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10. Comparison of performance of different AChE inhibition-based 
electrochemical biosensors

Table S1 Comparison of performance of different AChE inhibition-based 
electrochemical biosensors.

Biosensor
Immobilization 

of AChE
Technique Pesticide Linear range LOD Ref.

AChE-chitosan/Graphdiyne/3D 
hierarchical peony-like CoNi-O 
nanosheets/GCE

Adsorption DPV Omethoate 0.47 pM~0.47μM 0.033 pM 5

AChE/3D porous polydopamine-
capped AuPt hydrogels/GCE

Entrapment DPV
Paraoxon-

ethyl

0.5~1000 ng L-1 
(1.8 pM~3.6 nM)

0.185 ng L-1 
(0.67 pM)

6

AChE/Ni-doped Co/CoO/NC/ 
CPE

Adsorption DPV Paraoxon
10-13~10-10 g.mL-1 
(0.36~3600 μM)

4.6×10-14 g.mL-1 
(1.67 nM)

7

AChE/WO3/g-C3N4/PGE
Covalent 
binding

CV Phosmet 5~800 nM 3.6 nM 8

AChE/nitrogen doped carbon 
dots/BSA/PGE

Covalent 
binding

CV Diazinon 10~250 nM 8.9 nM 9

AChE/sponge-like CuInS2 

microsphere/rGO/SPCE
Covalent 
binding

LSV Chlorpyrifos
0.5~470 ng mL-1 

(1.4 nM~1.32 μM)
0.023 ng mL-1 

(0.064 nM)
10

AChE/chitosan-SnS2/GCE Adsorption DPV Chlorpyrifos 0.02~20000 nM 0.02 nM 11

AChE/Cys/anisotropic gold 
nanorod/MOF/ITO

Covalent 
binding

CV Chlorpyrifos
30~600 ng L-1 

(0.084~1.68 nM)
3 ng L-1 (8.4 

pM)
12

AChE/TiO2-
Nanorods/AuNPs/CS&rGO/GCE

Adsorption DPV Dichlorvos 2.26~565 nM 2.23 nM 13

AChE/nitrogen-doped 
graphdiyne/GCE

Covalent 
binding

DPV Dichlorvos
10~1000 μg L-1 (45 

nM~4.5 μM)
1.1 μg L-1 (4.95 

nM)
14

AChE-Cu3(PO4)2 
HNF/AuNP/GO/GCE

Biomineralizati
on

SWV Dichlorvos 1 pM~1 mM 0.07 pM
This 
work
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