An ITO@AgNWs enhanced electrochemical biosensor for rapid quantitative detection of sweet substances (supplementary)
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1. Electronic-tongue evaluation of ATR-I
[bookmark: OLE_LINK19]Sucrose solutions at concentrations of 3, 10, 30, 50, and 100 mmol/L were prepared in 5% ethanol and used as reference sweet samples. ATR-I was first dissolved in ethanol and subsequently diluted to the required concentration with a final ethanol content of 5% (v/v). The samples were analyzed using an electronic tongue, with potassium chloride solution used as the reference solution. Each sample was measured four times under identical conditions, and the stable sweetness-channel responses were recorded for subsequent analysis.
Sucrose, a typical sweet substance, was used as a reference to evaluate the taste characteristics of ATR-I using an electronic tongue. As shown in Fig. S1, sucrose solutions at 3–100 mmol/L produced evident responses in the sweetness channel, confirming the response of the electronic tongue toward sweet-tasting substances. Although the sweetness-channel responses varied among different sucrose concentrations, a clear concentration-dependent relationship was not observed over the tested range.
ATR-I at 200 μmol/L produced a stable sweetness-channel response of 13.11 ± 0.67, which was within the response range observed for the sucrose samples. The detectable response of ATR-I in the sweetness channel indicates that ATR-I exhibits a sweetness-related taste characteristic. This observation is also consistent with its interaction with the sweet taste receptor T1R2 described above.
The electronic tongue evaluates taste properties through the response patterns of taste-sensitive sensor membranes. Under the present experimental conditions, its response was more suitable for distinguishing and characterizing taste attributes than for establishing an accurate concentration–response relationship. Therefore, the electronic-tongue results were mainly used as qualitative evidence for the sweetness characteristic of ATR-I. In contrast, the T1R2-based electrochemical biosensor showed a well-defined concentration-dependent response toward ATR-I, demonstrating its advantage for quantitative determination of ATR-I.
[image: ]
Fig S1 Sweetness-channel responses of sucrose solutions at different concentrations (3, 10, 30, 50, and 100 mmol/L) and the ATR-I sample (N=4)
2. Molecular docking simulation
In this study, homology modeling was employed to construct the three‑dimensional structure of the target protein on the SWISS‑MODEL server. The AlphaFold‑predicted structure of squirrel monkey T1R2 (TS1R2_SAISC, A3QP08.1.A) was used as the template, yielding a sequence identity of 88.85% between the target and template sequences. The Global Model Quality Estimation (GMQE) score of the built model was 0.87, and 97.37% of residues fell within the favored region in the Ramachandran plot, demonstrating favorable structural quality of the model for subsequent molecular docking analyses. All molecular docking calculations were implemented with Discovery Studio 2019 (BIOVIA, USA). The LibDock algorithm was utilized for docking simulations. Its scoring function performs comprehensive evaluation based on the geometric complementarity between ligand molecules and polar (hydrogen‑bonding) as well as non‑polar (hydrophobic) hot‑spot regions within the receptor active site. The “From Receptor Cavities” tool in Discovery Studio was applied to detect potential binding pockets of T1R2, and a total of 24 candidate sites were obtained. The pocket with the largest volume and highest score located in the Venus flytrap domain was selected as the final docking binding site. The docking search space was defined by SBD_Site_Sphere (red sphere) with coordinates of (−2.04208, 3.52123, −27.8796). 
[bookmark: _GoBack]To sufficiently verify the reliability of the established T1R2 receptor docking system, re‑docking of T1R2‑glucose was performed and the LibDock scores of the top‑7 poses were collected. The gradient distribution of scores among distinct poses confirmed that the docking parameters, receptor model and pocket‑searching range were stably and effectively configured. The scores of TOP7 poses were as follows: Pose1: 93.6091, Pose2: 88.2195, Pose3: 85.6052, Pose4: 84.7916, Pose5: 80.7514, Pose6: 76.0943, Pose7: 76.6166.
3. Real-sample analysis and LC–MS/MS comparison
[bookmark: OLE_LINK21]An Atractylodes macrocephala extract was used as the complex sample matrix. Following appropriate pretreatment, aliquots of the same extract were independently analyzed using the proposed biosensor and LC–MS/MS. Samples analyzed by the biosensor were appropriately diluted to ensure that the responses fell within the established calibration range. LC–MS/MS was used as the reference method for the determination of atractylenolide I. Six parallel measurements were performed using each method, and the biosensor results were compared with those obtained by LC–MS/MS.
The applicability of the proposed biosensor in a complex matrix was evaluated using Atractylodes macrocephala extracts. Aliquots of the same extracts were independently analyzed using the proposed biosensor and LC–MS/MS, with LC–MS/MS serving as the reference method for ATR-I determination. Six parallel measurements were performed using each method. As shown in Table 2, the values obtained by the biosensor were generally higher than those obtained by LC–MS/MS, while a consistent variation trend was observed among the tested samples. The relatively higher values obtained by the biosensor may be attributed to matrix components in the extracts that can interact with the receptor-modified sensing interface and contribute to the electrochemical response. In addition, analyte loss during sample pretreatment or matrix-induced ion suppression may result in relatively lower values in LC–MS/MS analysis. Overall, the comparable results demonstrate the applicability of the proposed biosensor for ATR-I determination in Atractylodes macrocephala extracts.
Table S1 Comparison of ATR-I determination in Atractylodes macrocephala samples by LC–MS/MS and the electrochemical biosensor (N=6)
	Sample
	Biosensor(mg/g)
	RSD(%)
	LC-MS/MS(mg/g)
	RSD(%)

	Sample1
	0.62
	1.85
	0.41
	1.01

	Sample2
	0.85
	3.36
	0.77
	0.92

	Sample3
	0.68
	3.77
	0.53
	2.75



3. Performance Comparison Between This Sensor and Similar Sensors
Table S2 Comparison of ATR-I determination in Atractylodes macrocephala samples by LC–MS/MS and the electrochemical bios
	Sensor Type
	LOD
	Linear Range
	Response Time
	Selectivity System
	Real‑Matrix Validation

	This study (T1R2@AgNWs/ITO)
	10-13mol/L
	10-11 ~ 10-6mol/L
	20min

	ATR‑I vs glucose, ferulic acid, capsaicin, amygdalin
	TCM complex matrices

	T1R2@MIL-101 (Fe)+AuNPs/GCE[1]
	Sucrose: 5.1 pM
Glucose: 4.7 pM
Aspartame:5.4pM
	Sucrose: 50 pM ~ 50 µM
Glucose: 10 pM ~ 10 µM
Aspartame: 10pM~100µM
	50 min
	Cyclamate, NaCl, sodium glutamate, denatonium benzoate, citric acid
	Apple juice, chamomile tea, etc.

	NCI‑H716 cell‑based electrochemical impedance taste cell sensor[2]
	No quantitative LOD;lowest measurable0.0170M(sucrose)量 LOD，最低可测浓度 0.0170 M
	0.0170–0.2000 mol/L (monotonic, no linear equation)l/L 蔗糖（单调响应，无线性方程）
	~1000 s 1000 s
	蔗糖（甜）、Sucrose (sweet), HCl (sour), NaCl (salty), MgSO₄ (bitter)₄（苦）
	Buffer standards only, no real food matrix缓冲液标准品测试，无真实食品基质验证实验。

	Surface plasmon resonance（SPR）
[3]
	20 μM
	0 ~ 50 μM
	10min
	T1R2/T1R3 vs T1R1 subtype discrimination
	Buffer‑based in vitro only, no food/biological samples

	T1R2-VFT/CNT-FET bioelectronic tongue [4]
	0.1 fM
	0.1 fM~1 μM
	real‑time monitoring
	Sweet substances versus other taste substances; tests included sweeteners and non-sweet/taste controls such as cellobiose, MSG and denatonium-type controls
	Apple juice and Chamomile herb tea
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