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Materials, Instruments and Methods

Reagents and Materials.

HAuCly, polyethylene polyamine (PEPA), CH3COOH, CH3COONa, 1,2-diaminobenzene (OPD) ,
2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) were all purchased from Shanghai
Aladdin Biochemical Technology Co., Ltd. Acetylcholinesterase (AChE), Acetylthiocholine
chloride (ATCh) were purchased from Shanghai Maclin Biochemical Technology Co., Ltd.
Sodium hydrogen phosphate dihydrate, sodium dihydrogen phosphate anhydrous were purchased
from Sun Chemical Technology (Shanghai) Co., Ltd. 3,3',5,5'-tetramethylbenzidine (TMB) was
obtained from Shanghai Adamas Reagent Co., Ltd. Ultrapure water (>18 M, Millipore) was
used in all experiments.

Instrumentation.

Transmission electron microscopy (TEM) measurements were made on a HITACHI H-8100 EM
with an accelerating voltage of 200 kV. XPS measurement was performed on an
ESCALAB-MKII spectrometer (VG Co., United Kingdom) with Al Ka X-ray radiation as the
X-ray source for excitation. Fourier infrared spectra (FTIR) were recorded on Nicolet is5
(Thermo, USA). UV-Vis data were measured on UV-3600PLUS UV-Vis-NIR spectrophotometer
(Shimazu Corporation, Japan). ICP-MS measurements were performed on Agilent 725 (USA),

ESR were performed on Broker-A200 (Germany).
Synthesis of Cit-AuNPs (3 nm) and Cit-AuNPs (13 nm).

Cit-Au NPs (3 nm): 'Au nanoparticles were obtained through adding 0.972 mL of 1% aqueous

HAuCls to 90 mL of H»O in an ice bath under vigorous stirring, and then 2 mL of 1% aqueous
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Naj-citrate was added after 1 minute. After that, 1 mL of 0.075% NaBH4 in 1% Nas-citrate was
also added. The solution was stirred for another 5 minutes and then stored at 4 °C. Thus the
solution of 3 nm-diameter particles was synthesized successfully.

Cit-Au NPs (13 nm): *Briefly, a sodium citrate solution (0.1 M, 1.94 mL) was rapidly added to a
boiled HAuCls solution (50 mL H»O, 0.0167g HAuCls) with vigorous stirring. The mixed
solution was boiled for 10 min and further stirred for 15 min. The resulting wine-red solution was
cooled to room temperature and filtered, which was stored in the 4 °C refrigerators before use.
Recyclability assessment.

50 mL Au-CDs (0.1 mg mL?1), 50 mL H,0; and 50 mL TMB were added to 350 mL HAc-NaAc
and reacted at 30 °C for 15 min. Centrifuge the above-reacted solution at 14000 rpm for 15 min,
discard the supernatant, and wash the bottom sediment with ultrapure water, redisperse the
sediment in 50 mL of agqueous solution and perform the second test, and the subsequent steps are
the same as above.

Steady-state kinetic assay of the Au-CDs.

Typically, 350 uL of acetate buffer (10 mM, pH 5.0), 50 pL of Au-CDs (0.1 mg mL™), 50 pL 200
mM H>0,, and 50 pL of TMB (0.1-4 mM) were mixed, followed by monitoring the reaction-time
curves. Similarly, to obtain the kinetic data for H>O,, 350 uL of acetate buffer (10 mM, pH 5.0),
50 of uL Au-CDs (0.1 mg mL"), 50 pL of TMB (4 mM) and 50 uL H,O, (1-1000 mM) were
mixed.

Selectivity and anti-interference ability.

According to the acetylcholinesterase activity detection procedure, AChE was replaced with
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different proteins to evaluate the selectivity of the sensing system, and other conditions remained
the same. The activity of ALP and GOx is three times higher than AChE, the concentration of
BSA is 0.1 mg mL!, and the concentration of other proteins is 0.2 mM. The anti-interference

ability of the sensor system was evaluated by adding 50 uL different proteins into 30 uL. ATCh.
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Tables and Figures

Table S1. Au content in different solutions.

Sample Au content (wt %)

Au-CD1 0.7
Au-CDs2 21
Au-CDs3 35
Au-CDs4 4.7
Au-CDs5 6.9
Au NPs (3 nm) 53
AuNPs (13 nm) 15.8
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Table S2. Catalytic Parameters comparison of Au-CDs , HRP, and different Au-based catalyst.

Catalyst Substrate K (mM) Vinax (108M-s7) Reference
HRP H>0O, 3.7 8.71 3]
HRP TMB 0.434 10 3]
Tyr-Au NPs H>0» 57.84 5.32 4]
Tyr-Au NPs TMB 0.024 0.91 4]
citrate-Au NPs H,0, 61.34 0.663 5]
citrate-Au NPs TMB 0.11 1.539 5]
D-His@Au NCs H>0O, 72 5.55 (6]
D-His@Au NCs TMB 0.41 7.69 (6]
BSA-Au NCs H>0, 16.71 1.302 7l
BSA-Au NCs TMB 3.59 0.861 71
Au hydrogel H,0, 19.92 12.8 (8]
Au hydrogel TMB 0.32 12.30 (8]
ZnSA-AuAMP H>0, 30.53 1.679 ol
hydrogel
ZnSA-AuAMP TMB 0.36 1.197 ol
hydrogel
Au-CDs H>0, 34.76 7.95 this work
Au-CDs TMB 0.0196 1.282 this work
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Table S3. Comparison of nanozyme-based biosensors for AChE detection.

Nanozymes Method Linear range (mU  LOD (mU References
mL™) mL"')
PAA-CeO» Fluorescence 0.263-50 0.263 (10]
Au@PDA NPs Colormetric 2.5-25 0.9 1]
RhB-p-SCsA-AuNPs Fluorescence 0-1.6 0.16 (12]
Citrate-CeO» Colormetric 0-1400 3.5 (13]
RhB-p-SCsA-AuNPs Colormetric 0-5 0.46 (12]
NO; -MIL-101 Colormetric 0.2-50 0.14 (14]
Fe-SAs/NC Colormetric 2-70 0.56 (13]
PdSP@rGO Colormetric 0.25-5.0 0.06 (16]
Au-CDs Colormetric 0.1-5 0.107 This work
0.6-10 0.157
1-17.5 0.192
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Figure S1. The digital photos of different products. The color of carbon dots and different
Au-CDs solutions.
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Figure S2. TEM image of Au-CDs stored at 4°C for one month.
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Figure S3. FTIR spectra of CDs and Au-CDs.
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Figure S4. UV-vis spectra and relative activity of Au-CDs with different Au mass loadings. A)
The UV-vis absorption of CDs and Au-CDs with different Au loadings; B) Relative activity of
Au-CDs with different Au loadings for catalytic oxidation of TMB. C) Relative activity of
different Au-CDs solutions with the same Au content for catalytic oxidation of TMB.
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Figure S5. TEM images of Cit-Au NPs with different sizes. A) Cit-Au NPs(3 nm) and B) Cit-Au
NPS(3 nm)-
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Figure S6. Optimization of Au-CDs reaction conditions. Peroxidase mimic activity of Au-CDs
under different reaction conditions. A) reaction temperature; B) reaction system pH; C, D)

concentration of HO, and TMB, respectively.
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Figure S7. The stability and reusability of Au-CDs. A) The relative activity of Au-CDs at
different storage times for catalytic oxidation of TMB. B) Cycle numbers of Au-CDs. C) TEM
images of Au-CDs reacted with TMB and H20..
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Figure S8. Kinetic analysis of Au-CDs with TMB and H»O, as substrates. Michaelis-Menten

curves fit of A) TMB with a fixed concentration of H,O, (20 mM), B) H,O, with a fixed

concentration of TMB (0.4 mM). The Lineweaver-Burk plots for C) TMB and D) H>O.,.
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Figure S9. The linear response of Au-CDs to AChE at different concentration. The signal
corresponds to the increase of AChE concentration. (The linear response of the sensing platform

in the presence of increasing concentration of AChE, using three independent Au-CDs

concentrations, respectively.)
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Figure S10. The anti-interference ability of Au-CDs for AChE detection.
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