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1. Optimization of experimental conditions

To choose the optimal conditions for Ops detection based on the
AChE-TMB-H20, system, some key factors including pH, reaction temperature, and
reaction time should also be carefully considered. This colorimetric process was
pH-dependent due to peroxidase-like activity of ATCh, and so the effect of various
pH values was evaluated first. The results show that the absorbance intensity of the
response increased first with the increase of the pH value and further decreased if the
pH was higher than 7.4 (Fig. S1A). When the pH level was higher than 8, the
response became weaker than that at pH 7, which may be ascribed to the fact that the
formation is hydrolysis of ATCh. The obvious response is obtained at pH 7.4, and this
is therefore adopted in the following experiments. The effect of the reaction time
between ATCh and TMB-H20> was also studied. As shown in Fig. S1B, one can find
that the absorbance intensity at 652 nm increase sharply with the increase of reaction
time, which tended to be constant after 5 min. To make all ATCh inactivated by Ops,
a slightly longer time was needed to complete the reaction, thus a 7 min reaction time
was used.
Temperature is another crucial factor for most enzyme-based systems. Fig. S1C
displays that the absorbance increases with increasing temperature in the range 5 °C
to 40 °C. Further increases in temperature result in the decrease of absorbance.

Accordingly, 37 °C is adopted as the optimal reaction temperature.



2. Reaction kinetics

In order to illustrate the performance of ATCh, kinetic measurements were
carried out by monitoring the absorbance change at 652 nm. The Michaelis Menten
constant (Km) and catalytic constant (Kca) were calculated using Lineweaver Burk
plots of the double reciprocal of the Michaelis-Menten equation. (Michaelis et al.
2011)

In the kinetic assays, TMB and H202 were firstly added into 10 mM PBS buffer
(pH 7.4) at a certain concentration. Then ATCh complex was added into the working
solution to initiate the reaction. All the experiments were repeated at least thrice for
reproducibility. The initial velocities (v) were calculated according to Egs. (1) and (2)

Cp=A652/eL (1)

v=— (2)

Where Cp represents the concentration of oxXTMB, ¢ is the extinction coefficient
of oxTMB, L is the optical path length of 1cm. In order to calculate the enzymatic
parameters, serial concentrations of TMB or H20, was done using PBS buffer at pH

7.4. The kinetic parameters were determined via Michaelis—Menten Eq. (3)

:Vmax [S] (3)

V T Km+S]

where v is the initial velocity of the reaction, Vmax is the maximal rate of
reaction, [S] is the substrate concentration, and Km is the Michaelis—Menten constant.
Km and Vmax were obtained by Lineweaver—Burk plot method according to Eq. (4):
Km 1

=T 4
Vmax Vmax [S]

(4)
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The result was shown in Fig.S2 and Table S1, which indicated that ATCh

possessed excellent catalytic efficiency.



3. Supporting figures and tables
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Figure S1 Real-time absorbance changes at 652 nm recorded of ATCh-TMB-H,0; system
with different pH (4, 5, 6, 6, 7, 7.4, 8, 8, 9) (A), reaction time (60, 120, 180, 240, 300, 360 and

720 s) (B), and temperature (from 20 to 50 °C) (C).

—a ABTS
—b ABTS-H20:2
¢ ABTS-H202-ATCh

300 400 500 600 700 800 900
Wavelength (nm)

S
.
|

Absorbance (a.u.)

—
e

Figure S2 UV-vis spectra of the sensing system under different conditions, 0.5 mM ABTS (a)

with 0.25mM H;0- (b, ¢) and 0.5 mM ATCh (c)
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Figure S3 (A) Steady-state kinetic assay and catalytic mechanism of ATCh, and the initial
velocities in the oxidization of TMB in the presence of H,O, measured at pH 7.4 and 25 °C
with the fixed concentration of H.O, and varied concentration of TMB and the concentration
of TMB fixed at 0.25 mM and the H,O, concentration varied (C). (B) and (D) are the

double-reciprocal plots of (A) and (C), respectively.
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Figure S4 The influence of paraoxon on ATCh-TMB-H.0O, system. The concentration of

paraoxon, ATCh and TMB were 120.0 pg/mL, 0.5 mM and 0.1 mM, respectively.
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Figure S5 Investigation of the selective recognition capability of the proposed colorimetric

assay for AChE over other nonspecific proteins and enzymes.



Table 1. Comparison with other enzyme mimetics

Enzyme

MoS;
nanosheets

FesO4
C-Dots
Pd NPs/GNs
Cu nanocluster
BSA-Pt
Co04
GQD
FePt-Au HNPs
GO-COOH
Au/Co304-CeOx
FePt/GO
H>TCPP-NIO
TiO2 NTA
G20-Cu(ll)
BSA-Au

ATCh

Substrate

TMB
H20,
T™MB
H20:
TMB
H20:
TMB
H202
T™MB
H202
T™MB
H20:
TMB
H20:
ABTS
H202
TMB
H202
TMB
H202
TMB
H202
TMB
H202
T™MB
H202
T™MB
H202
TMB
H202
TMB
H20:2
T™MB
H202

Kn(mM)

0.525
0.0116
0.098
154
0.039
26.77
0.39
23.9
0.648
29.16
0.119
41.8
0.037
140.07
10.04
1.17
0.445
0.0185
0.0237
3.99
0.1219
0.2724
2.953
0.0128
1.14X10°
0.0391
0.127
5.26
0.257
102.3
0.00253
25.3

0.104
87.2

Vmax X 108
(Ms™)

5.16
4.29
3.44
9.78
3.61
30.61
35.02
13.66
5.96
4.22
21
16.7
6.27
121
1.78
1.24
24.67
0.6894
3.45
3.85
0.8577
0.3898
162.87
1.1598
48.2
1.38
7.02
760
24.29
25.67
6.23
7.21
13.86
15.33

Reference

10

11

12

13

14

15

16

This work



Table 2. Comparison of the proposed method with other methods for

AChE detection

Method

Metal coordination
polymer

C3Na4 nanodots

Resurfaced
Fluorescent Protein

Gold nanoclusters

Quantum dots

DNA-templated
copper/silver
nanoclusters

MnO- nanosheets

Colorimetric assay

Linear range
(mU/mL)

0.01-3
0.025-2
5-150

10-1000

0.05-2.0

0.1-15
2.0-14

Detection Limit

(mU/mL) Reference
0.04 17
0.01 18
0.015 19
0.02 20
10 21
0.05 22
0.035 23
0.5 This work



Table 3. Comparison of the proposed method with other methods for

Ops detection
Method

Electrochemical immunosensor
Carbon dots-based sensor

QDs-based sensor

Enzyme-linked immunosorbent
assay

Fe3O4 imprinted polymers
Electrochemical sensor
AuNPs-based methods
Optical microbial sensor
Gas chromatography
Nanoceria-coated paper
DNA conformational switch

Biosensor using MPH enzyme

ATCh minic enzyme

Linear range
(ng/mL)

2-2500
0.026-26300
25-3000
44-1380
15-2500
5-3000
0.13-132
1053-21057
30-1000
0-120
10-10000

0-26312
10-140

LOD
(ng/mL)

2
0.013
18.0
18.9
5.2
2.0
0.026
78.9
10
14
2.1

1052.8
4.0

References

24

25

26

27

28

29

30

31

32

33

34

35

This work



Table 4. Analytical application

Carrot and peach samples were purchased from the local market and practical
applications of this approach for real sample assay were investigated by monitoring
the traces of Ops.

The designed system exhibited good recovery ranging from 97.52% to 116.2%
for (Organophosphate) spiked real samples, which is in the recovery range permitted
by Chinese National Standards (GB/T 27404-2008). Thus, the proposed homogeneous

colorimetric analytical strategy exhibits great promise for practical applications.

Food Ops Ops Standards for
0. Recovery (%)
samples added (ug/L)  detected (ug/L) recovery (%)
1 10 11.12 111.20% 60-120
2 100 109.8 109.80% 60-120
Peach 3 200 210.5 105.25% 60-120
4 500 487.6 97.52% 80-110
5 1000 1008.9 100.89% 80-110
1 10 11.62 116.20% 60-120
2 100 106.7 106.70% 60-120
Carrot 3 200 212.5 106.25% 60-120
4 500 491.7 98.34% 80-110
5 1000 1009.8 100.98% 80-110

Recovery (%) = (Cdetected/ Cadded)x 100%
Chinese National Standards (GB/T 27404-2008)
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