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1.Optimization of Enzymatic Reaction 
Experimental conditions S1a 
[bookmark: _Hlk56424062]Enzymatic hydrolysis: (AChE 2.0 mU·mL-1, ACh 4.0 mmol·L-1, Incubation temp 37°C, Incubation time 20 min)
Chromogenic reaction: (Sodium Acetate buffer pH 4.0, TMB concentration 0.4 mmol·L-1, C-AuNPs concentration 100 pM)
[bookmark: _Hlk53904525]The pH was optimized in the range between 7.0 and 8.4 using Tris-HCl buffer. The ∆A increased with an increase in pH initially, reaching a maximum at a pH of 7.6. Further increase in pH leads to a decrease in the activity of the enzyme, as depicted in Figure S1a, hence considered as the optimum pH for further experiments. 
Experimental conditions S1b 
Enzymatic hydrolysis: (AChE 2.0 mU·mL-1, ACh 4.0 mmol·L-1, Incubation temp 37°C, Tris-HCl buffer pH 7.6)
Chromogenic reaction: (Sodium Acetate buffer pH 4.0, TMB concentration 0.4 mmol·L-1, C-AuNPs concentration 100 pM)
[bookmark: _Hlk53997591]Another critical factor besides the pH of the reaction is the incubation time. Here we incubated this reaction mixture for 10-60 minutes at 37°C in 10-minute intervals (Figure S1b). The ∆A at 652 nm indicates that after 20 minutes of incubation, the maximum product is obtained. Any further extension of the incubation time did not affect the concentration of choline considerably since the peak stabilized. Hence 20 minutes was selected as the incubation time for maximum choline production.  
Experimental conditions S1c
Enzymatic Hydrolysis: (AChE 2.0 mU·mL-1, Incubation temp 37°C, Tris-HCl buffer pH 7.6, Incubation time 20 min)
Chromogenic reaction: (Sodium Acetate buffer pH 4.0, concentration 0.4 mmol·L-1, C-AuNPs conc. 100pM)
Minimum substrate concentration with the maximum product of choline was examined by selecting the range of concentrations from 2 to10 mmol·L-1 of the substrate with an interval of 2 mmol·L-1 (Figure S1c). A concentration of 4.0 mmol·L-1 of acetylcholine chloride (ACh) was found to be the optimal concentration and used as a standard concentration throughout the experiment.  
[image: ]
Figure S1: Optimization of the enzymatic reaction. (a) Enzymatic hydrolysis of ACh was noted to be the best at a pH of 7.6 (b) Selection of optimum incubation time. (c) Maximum ∆A at 652 nm was obtained with a 4.0 mmol·L-1 concentration of ACh. Error bars represent the standard deviation from three replicates.
2.The optimization for the chromogenic reaction
Experimental conditions S2a 
Enzymatic Hydrolysis: (AChE 2.0 mU·mL-1, ACh 4.0 mmol·L-1, Incubation temp 37°C, Tris-HCl buffer pH 7.6, Incubation time 20 min)
Chromogenic reaction: (TMB concentration 0.4 mmol·L-1, C-AuNPs concentration 100pM)
The chromogenic reaction was conducted to assess the enzymatic activity of cysteamine capped gold nanoparticles (C-AuNPs). To determine the optimum condition for the reaction, different experiments were performed to determine the optimum pH, the best concentration of TMB, and the concentration of C-AuNPs. Sodium Acetate buffer was used as the reaction medium for this chromogenic reaction. A pH of 3.0 to 5.0 was selected to determine the best pH for this reaction. The absorbance variation (ΔA) was monitored at 652 nm against different pH.  It was noted that the reaction produced the maximum ΔA at 652 nm when the pH of the buffer was 4.0 (Figure S2a). Hence, a pH of 4.0 was utilized as a standard pH for all chromogenic reaction-based experiments. 
Experimental conditions S2b
Enzymatic Hydrolysis: (AChE 2.0 mU·mL-1, ACh 4.0 mmol·L-1, Incubation temp 37°C, Tris-HCl buffer pH 7.6, Incubation time 20 min)
Chromogenic reaction: (Sodium Acetate buffer pH 4.0, C-AuNPs concentration 100pM)
The concentration range used for the optimization of TMB was from 0.2 to 1.0 (mmol·L-1). It was noted that the concentration of 0.4 mmol·L-1 provided the optimal results. A concentration lower than 0.4 mmol·L-1 was not sufficient to complete the oxidation of TMB, and a different chromogenic product was obtained (Di-imine formation peak). Hence, for all experiments with chromogenic reactions, 0.4 mmol·L-1 of TMB was added (Figure S2b). 
Experimental conditions S2c
Enzymatic Hydrolysis: (AChE 2.0 mU·mL-1, ACh 4.0 mmol·L-1, Incubation temp 37 °C, Tris-HCl buffer pH 7.6, incubation time 20 min)
Chromogenic reaction: (Sodium Acetate buffer pH 4.0, TMB concentration 0.4 mmol·L-1)
To determine the effect of C-AuNPs concentration on the oxidation of TMB, ranges of concentrations from 10 to 120 pM were used (Figure S2c). It was noted that the concentration of the nanoparticles was directly linked with the oxidation potential of the nanoparticle’s probes. Maximum absorbance was obtained at 100 pM, hence in the following experiments, this concentration was utilized for C-AuNPs.
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Figure S2: Optimization of chromogenic reaction. (a) The effect of pH on chromogenic reaction. The optimum ∆A of the chromogenic reaction was at a pH of 4.0. (b) The outcome of TMB concentrations on chromogenic reaction. The maximum ∆A of the chromogenic reaction was noted at 0.4 mmol·L-1. (c) The effect of C-AuNP concentrations on chromogenic reaction. The maximum ∆A of the chromogenic reaction was observed at 100 pM concentration of C-AuNP. Error bars represent the standard deviation of three replicates.
3.Inhibition Efficiency  
The inhibition efficiency (%IE) of the AChE activity used as an indicator to calculate the effect of Parathion ethyl is as follows:
IE = (F (inhibitor) – F (no Inhibitor))/ (F0- F (no inhibitor)) × 100%
Where
F refers to absorbance intensity at 652nm.
F (no inhibitor) = (AChE+ACh+ C-AuNPs +TMB)
F (inhibitor)= (AChE+PE+ACh+C-AuNPs +TMB)
F0= (C-AuNPs+TMB)
Where F (no inhibitor), F (inhibitor), and F0 are the absorbance intensities at 652nm in the UV-vis spectra from the above-mentioned combinations. The IE (%) was calculated for different concentrations, and it was noted that with an increase in the concentration of the PE, a further decrease in the activity of AChE was observed. The 400 nM concentration of PE resulted in a 65% reduction in the activity of AChE.  
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