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Experimental

Materials and reagents
3-morpholinopropane sulfonic acid (MOPS), 4-(2-hydroxyethyl)piperazine-1-ethanesulfonic acid 

(HEPES), tris(hydroxymethyl)aminomethane (TRIS), methanol (CH3OH), ethanol (CH3CH2OH), 

ammonium chloride 99.9% (NH4Cl), Tetrachloroauric(III) acid trihydrate 99.9% (AuCl3·3H2O), 

sulfuric acid (H2SO4), sodium sulfate (Na2SO4), ascorbic acid (AA), ascorbate-2-phosphate (A2P), 

potassium ferrocyanide (K4[Fe(CN)6]), potassium ferricyanide (K3[Fe(CN)6]), 2,4-

dichlorophenoxyacetic acid (2,4-D), magnesium sulfate (MgSO4), parathion, 2,4,5-

trichlorophenossyacetic acid (2,4,5-T), dichlorodiphenyltrichloroethane (DDT), phenoxyacetic 

acid (PA), 4-chlorophenoxyacetic acid (4-CPA) and 2-methyl-4-chlorophenoxyacetic acid (MCPA) 

were purchased by Merck Millipore (formerly Sigma Aldrich) and used without further purification.

The enzyme orthophosphoric-monoester phosphohydrolase (AlP, EC 3.1.3.1 from Bovine Liver, 

3.4 U/mg solid) was obtained by Merck Millipore (formerly Sigma Aldrich), solubilized in 10 mM 

HEPES buffer pH 8.5 (containing 1 mM MgSO4), parceled and stored at -20 °C.
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The polymeric film employed for the physicochemical enzyme immobilization was a photocross-

linkable poly(vinylalcohol) with styrylpyridinium groups (PVA-SbQ) obtained from Polysciences, 

Inc. (USA).

All solutions for electrochemical measurements were prepared using Milli-Q water (18.2 MΩ cm, 

Millipore, Bedford, MA, USA). 

Analysis Apparatus
All electrochemical measurements were conducted using a PalmSens4 potentiostat equipped 

with PSTrace 5.6v software. Commercially available screen-printed gold electrodes (DRP-220BT, 

named Au-SPE), comprising a circular gold working electrode (with a geometric area of 0.1256 

cm²), a gold counter electrode, and a silver pseudo-reference electrode, were purchased by 

Metrohm and utilized for all the electrochemical measurements (except for E-QCM). All potential 

values reported in the manuscript are expressed vs. Ag pseudo-reference electrode.

Scanning electron microscopy (SEM) measurements were carried out with a JSM-7600F Schottky 

Field Emission Scanning Electron Microscope (JEOL Nordic AB, Sollentuna, Sweden). All 

samples were prepared according to the electrodeposition protocol as reported above in Section 

2.2 by using gold plates (25 x 25 x 1 mm, ALS Co. Ltd., Tokyo, Japan) instead of gold electrodes. 

The samples have been placed on a clip SEM sample holder (JEOL Nordic AB).

X-ray photoelectronic spectroscopy analyzes were carried out with Versa Probe II Scanning XPS 

(Physical Electronics GmbH) spectrometer and an AlKα source having a 200 μm spot. All wide-

scan and high-resolution spectra were obtained in FAT mode with step energy of 117.40 eV and 

29.35 eV, respectively, and with source power of 49.2 W. The charge compensation was 

performed with an electronic cannon operating at 1.0 V and 20.0 μA. The data were analyzed 

with the MultiPak v. 9.9.0.8 software.

Highly Porous Gold Nanocoral (hPGNC) Electrodeposition and Electrochemical 
Measurements
Au-SPE electrodes were polished via electrochemical cleaning using cyclic voltammetry in 0.5 M 

H2SO4 solution within a potential range of 0 and +1.7 for 25 cycles at a scan rate of 0.3 V s-1. 

Afterwards, Au-SPE were modified by electrodeposition of highly porous gold nanocoral (hPGNC) 

by initially sweeping the potential for 25 scans between +0.8 and 0 V at a scan rate of 0.05 V s−1 

and then applying a pulsed potential between −1 V and −3 V in 10 mM AuCl3 solution containing 

2.5 M NH4Cl. [1] Then, the modified electrodes were activated in 0.5 M H2SO4 by running CVs 

between 0 and +1.7 at a scan rate of 0.1 V s−1 until a well-defined CV was obtained. The hPGNC 
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modified electrode was modified by drop-casting a solution 5:8 v/v AlP solution:PVA-SbQ (50 

mg/mL) successively exposed under a UV lamp (λ = 405 nm) for 20 min at room temperature in 

order to allow the entrapment of the enzyme by photo-polymerization. 

CVs and amperometry experiments were performed in 10 mM HEPES buffer pH 7 (containing 1 

mM MgSO4 as cofactor and 100 mM Na2SO4 as supporting electrolyte) with the addition of 2 mM 

AA and 2 mM A2P. The inhibition experiments are performed using 2,4-dichlorophenoxyacetic 

acid (2,4-D) in the range 1 fM (1 x 10-15 M) to 2 mM (2 x10-3 M) as analytical target (acting as 

inhibitor of the AlP enzymatic activity) and 2,4,5-T as negative control. All measurements were 

performed for n=6 electrodes, each measured 3 times to increase S/N ratio.

Wheat Leaves Extract Samples Preparation
Wheat leaves were collected at 5 different local wheat farming plants harvesting the leaves in 

different areas of the same farm (contaminants mapping). Wheat leaves were rinsed 3-4 times 

with DI water to remove soil, debris, and external contaminants. The leaves were dried in a 

ventilated oven at 40°C until moisture content is below 10%. The dried leaves were grinded and 

sieved using a 60-mesh sieve for uniform particle size (~250 µm). The extraction was performed 

in a mixture CH3OH:EtOH:H2O 2:7:1 acidified with formic acid 0.1% at room temperature for 24h. 

The extract was filtered with a 0.45 µm nylon filter, diluted 1:50 v/v with DI water and analysed by 

electrochemical methods. [2]

Results

XPS analysis
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Figure S1. XP spectra of Au 4f on the left and its valence band on the right.  Blank: blank (Gold 
bare); Sample 1: Gold SPE after cyclic voltammetry; Sample 2: Gold SPE after cyclic voltammetry 
and pulsed amperometry; Sample 3: Gold SPE after pulsed amperometry.  

Table S1. The table shows hPGNC signals with relative chemical assignment. The values are 
expressed as average values ± 1σ (n = 3).

Samples % C % O % Au

Blank 57±3 25.8±1.4 17.0±1.4

Sample 1 49.2±1.6 22±2 29±2

Sample 2 32±3 8±2 59±5

Sample 3 30±4 8.4±0.5 62±5

Table S2. Comparison of AlP based analytical platforms for the detection of 2,4-D. Abbreviations: 

alkaline phosphatase (AlP), carbon black-screen printed electrode (CB-SPE), carbon dots/cobalt 

oxyhydroxide nanosheet (CDs/CoOOH), gold nanobipyramids (AuNBPs), highly porous gold 

nanocoral (hPGNC), monoclonal antibody (mAB), paper-based analytical device (PAD), platinum 

(Pt), Rhodamine B modified sulfur quantum dots (RhB-SQDs). 

Platform LoD / M Linear range / M Storage 
Stability Ref.

AlP/AUNBs/PAD 
(colorimetric)

0.08 x 10-6 0.2-4.5 (x 10-6) n.a. [3]

AlP/CB-SPE 
(electrochemical) 

0.2 x 10-6 0.4-2.7 (x 10-6) 4 successive 
measurements

[4]

AlP/RhB-SQDs 
(fluorimetric)

0.08 x 10-6 0.2-2.3 (x 10-6) n.a. [5]

AlP/CDs/CoOOH 
(fluorimetric)

0.5 x 10-6 Up to 0.07 n.a. [6]

AlP/mAB/Pt 
(electrochemical)

0.3 x 10-9 0.4-1500 (x 10-9) 1 month [7]

PVA-SbQ/AlP/hPGNC 
(electrochemical)

3.2 x 10-15 10-1000 (x 10-15) 4 months This work
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