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1. Instrumentation 

1H-NMR was recorded on a Bruker AV400 spectrometer operating at 400 MHz. The 

UV-Vis absorption spectra and kinetic analyses were acquired at room temperature using 

a Molecular Devices SpectraMax®  M5e microplate reader. Field emission scanning elec-

tron microscope (FESEM) images were acquired using the Ultra55 FE-SEM Karl Zeiss EDS 

instrument with 5 kV emission voltage. X-ray photoelectron spectroscopy (XPS) was pro-

cured using K-Alpha X-ray Photoelectron Spectrometer, Thermo Scientific. Fourier-trans-

form infrared spectroscopy (FT-IR) Spectra were recorded in a Shimadzu IR Affinity-1S 

instrument. Small angle X-ray Scattering (SAXS) was recorded on Small Angle X-ray Scat-

tering (SAXS) Low Angle instrument from Nanostar. 

2. Characterizations of SupraZyme 

2.1. Field Emission Scanning Electron Microscopy (FESEM) 

The SupraZyme self-assembly was freshly prepared and then 2 µL was drop-casted 

on a cleaned silicon wafer (multiple washes with IPA followed by acetone) and left for 

air-drying overnight. The sample was then put in a vacuum before recording the micro-

graphs. 

2.2. Small-angle X-ray Scattering (SAXS) 

To prepare the powder sample, SupraZyme and SupraZyme incubated with thiol 

was lyophilized. The freeze-dried sample was then transferred to the sample holder and 

the data was measured using Nanostar Small Angle X-ray Scattering (SAXS) Low angle 

instrument. 

2.3. Nanoparticle Tracking Analysis (NTA) 

NTA determines the particle size distribution of samples in a liquid suspension, em-

ploying both Brownian motion and light scattering features. The prepared SupraZyme 

solution (1 mL) was injected to the sample chamber using 1 mL syringe and illuminated 

by the laser. The concentration and size of SupraZyme was analysed using NTA software. 

3. Characterization of inhibition of oxidase-like activity of SupraZyme by thiols  

3.1. X-ray photoelectron spectroscopy (XPS) 

The prepared SupraZyme and SupraZyme incubated with thiol was lyophilized and 

sprinkled on a silicon wafer. The sample was kept in a vacuum till measurement. 

3.2. Fourier-transform infrared spectroscopy (FTIR) 

The prepared SupraZyme and SupraZyme incubated with thiol was lyophilized and 

the powdered sample was mixed with KBr to make the pellets and the spectra were rec-

orded. Background measurements were made using a pellet of KBr only (without the sam-

ple).  
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4. Synthesis of Ligand L1 

Synthesis of L1 was carried out following as per the previously reported protocol. 

For synthesis of Ligand, a solution of histamine (237.45 mg, 1.29 mmol) and sodium bicar-

bonate (144.48 mg, 1.72 mmol) in DMF/water (6 mL, 1:1 v/v) was kept at 0 °C. To this 

solution, a DMF solution of heptanoate-NHS ester (200 mg, 0.86 mmol) was added drop-

wise over a period of 10 minutes. The solution was stirred overnight under refluxing con-

ditions. The product was extracted from the reaction mixture using chloroform. The or-

ganic layer was then dried over anhydrous Na2SO4, filtered, and concentrated using a ro-

tatory evaporator. The product was recrystallized in DCM and n-hexane mixture leading 

to a solid white product. NMR and mass spectroscopy confirmed the formation of the 

product. 

 

Scheme S1. Experimental Scheme for the synthesis of ligand L1. 

5. Optimization of AChE and ATCh concentrations for sensing studies 

Inhibition of SupraZyme activity by the produced thiocholine (TCh) is dependent on 

the concentration of both ATCh and AChE present in the solution. Hence, achieving the 

maximum inhibition of the SupraZyme activity is important to reduce the background to 

the minimum. We started the optimization with two objectives, (a) determining the lowest 

possible concentrations of ATCh and AChE for the assay, (b) ensuring faster kinetics of 

thiocholine generation from a point-of-care detection perspective. The LOD data for AChE 

(Figure 3B, Section 3.3) gave us a clue that the minimum concentration required to achieve 

maximum inhibition of SupraZyme activity is 35 pM. So, we fixed the AChE concentration 

to 35 pM, which corresponds to 10 µL of 0.2 µg/mL AChE, for the determination of the 

ATCh LOD as well as further studies of pesticide detection. Further, the final concentra-

tion of ATCh was chosen to be 1 mM, corresponding to 10 µL of 20 mM ATCh, for the 

AChE detection. A higher concentration of ATCh was chosen to ensure that the kinetics 

of ATCh hydrolysis is fast for the point-of-care detection.   

6. Supplementary Figures 
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Figure S1. 1H NMR spectrum of synthesized ligand L1. 

Ligand L1: 1H NMR (400 MHz, CD3OD, δ (ppm)): 7.52 (s, 1H), 6.77 (s,1H), 3.34 (t, 2H), 

2.70 (t, 2H), 2.08 (t,2H), 1.50 (m, 2H), 1.22 (m, 6H), 0.83 (t, 3H).  

HRMS: Calculated mass of [L1] = 223.1685 m/z and Experimental mass [L1+H]+ = 

224.1763 m/z. 

 

Figure S2. NTA trace of the SupraZyme system. 
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Figure S3. Absorbance spectra for oxidase activity of assembly at varying concentrations of AChE 

(0 to 71.4 pM) at [ATCh] = 1 mM. 

 

Figure S4. Percentage Activity of SupraZyme before and after addition of AChE (35 pM) and ATCh 

(1 mM) where Set 1 and Set 2 indicate inter-batch variation while A, B, C represents the intra-batch 

variation. 
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Figure S5. Plot of absorbance @ 475 nm with varying concentrations of EP (0 to 50 µM) at [H2O2] = 

1mM where Set 1 and Set 2 indicate inter-batch variation and error bars represent intra-batch vari-

ation. 

 

Figure S6. Selectivity of EP detection in comparison to other hydroxyl and amine-containing small 

molecules. UV-Vis absorbance spectra of oxidation of EP in comparison to other compounds at 100 

µM concentration by peroxidase-like activity of SupraZyme where H2O2 = 1 mM. 
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Figure S7. UV-Vis spectrum for noradrenochrome with λmax 296 and 483 nm. 

 

Figure S8. UV-Vis absorbance spectra obtained by oxidation of NE (0 to 50 µM) in the presence of 

SupraZyme at H2O2 = 1 mM. 
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Figure S9. UV-Vis absorbance spectra of varying MAP concentrations (0 to 500 ppb). 

Table S1. Performance of Biosensors for detection of AChE and ATCh. 

Method Target analyte Detection limit Reference 

p-sulfonatocalix[6]arene (p-SC6A) 

capped AuNPs 
AChE 0.16 mU/mL [1] 

γ-MnOOH nanozyme AChE 0.1 mU/mL [2] 

Carbon quantum dots AChE 4.25 mU/mL [3] 

Gold Nanoparticles AChE 0.6 mU/mL [4] 

amine-terminated polydiacetylene 

vesicles 
AChE 10.0 mU/mL [5] 

black phosphorus quantum dots 

(BP QDs) 
AChE 0.17 mU/mL [6] 

Fe–N–C nanozyme AChE 1.9 mU/mL [7] 

Peroxidase-like activity of acetyl-

choline 
ATCh 20.22 nM [8] 

multiwall carbon nanotube 

(MWNT) 
ATCh 0.10 µM [9] 

electrochemical sensor ATCh 25.28 µM [10] 

SupraZyme 
AChE 4.8 mU/mL 

This work 
ATCh 9 µM 

Table S2. Performance of biosensors for detection of Neurotransmitters. 

Method Target analyte Detection limit Reference 

Rh-N/C-based biosensor Epinephrine 0.57 µM [11] 

hexagonal prism Cu MOF Epinephrine 1.1 μM [12] 

copper-cystine nanoleaves Epinephrine 2.7 μM [13] 

Cu2O nanospheres Epinephrine 10 µM [14] 

CuO nanorods Epinephrine 0.31 µM [15] 

Functionalized Gold Nanoparticles Norepinephrine 0.07 µM [16] 

silver nanoparticles Norepinephrine 5.59 µM [17] 

citrate-capped colloidal gold nano-

particles (AuNPs) 
Norepinephrine 42.2 µM [18] 
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Polyacrylic Acid-Coated Nanoceria Norepinephrine 0.126 µM [19] 

SupraZyme 
Epinephrine 6.3 µM 

This work 
Norepinephrine 1.8 µM 
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