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Fig. S1 – GC-MS chromatogram obtained for the yeast supernatant (cultivation time 96 h as a case study) after derivatization with TMSTFA. 
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Fig. S2 – AM plots recorded at 0.22 V from Cu-NPs-modified SPEs in: 1 – buffer; 2 – 100 µM UA, 3 – 1 mM UA, 4 – 100 µM AA, 5 – 10 mM glycerol; 6 – 10 mM EtOH, 7 – 10 mM ethylamine; 8 – 10 mM ethanolamine, 9 – 10 mM urea. Note:  the pH of all tested solutions was 9±0.2. (A) – intact electrodes modified with Cu-NPs electrodeposited on: GO (green), r-GO (red), carbon (blue). (B) – Cu-NPs deposited on GO before (green) and after heating at 70 °C for 20 min (dashed black line); (C) – Cu-NPs deposited on r-GO before (red) and after heating at 70 °C for 20 min (dashed black line); (D) – Cu-NPs deposited on carbon before (blue) and after heating at 70 °C for 20 min (dashed black line).
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Fig. S3 – (A) AM plots recorded at 0.22 V from larger (100 mM electrolyte) Cu-NPs-modified GO/SPEs in: 1 – buffer; 2 – 100 µM UA, 3 – 1 mM UA, 4 – 100 µM AA (ascorbic acid), 5 – 10 mM glycerol; 6 – 10 mM EtOH, 7 – 10 mM ethylamine; 8 – 10 mM ethanolamine, 9 – 10 mM urea recorded from the intact electrode (a) and the same electrode heated at 70 °C (b). Note: the pH 9 of all tested solutions was 9±0.2. (B,C) – SEM images recorded from the intact Cu-NPs-modified GO/SPE (B) and from the identical electrode heated at 70 °C and explored during two months (C). 
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Fig. S4 – The Gibbs adsorption energies (Gads) and the most favorable location of ethylamine on Cu (A), Cu2O (B) and CuO (C) surfaces. Note: by dashed line the hydrogen bond is shown. 




[image: ]
[image: ]

Fig. S5 – RAMAN spectra recorded from electrodes modified with electrodeposited Cu-NPs (100 mM electrolyte was used as a case study) as prepared (A) and after heating at 70 °C for 20 min (B). Note: c – carbon used as the electrode support material; GO – graphene oxide; r-GO – reduced graphene oxide. 
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Fig. S6 – RAMAN spectra recorded from electrodes modified with electrodeposited Cu-NPs (100 mM electrolyte was used as a case study) as prepared and after treatment at 70 °C.


Table S1 – Qualitative table of selected amines present in supernatants of yeast cells (shown for cells cultivated for 96 h)
	Name
	Height
	RT(s)
	Weight
	Unique mass
	Quant mass
	Quant. S/N*
	Peak area

	1,1,1-trimethyl-silanamine, N,N'-methanetetraylbis
	196502
	378.8
	186
	171
	171
	416.3
	9693405

	Tris(trimethylsilyl)amine
	18650679
	510.2
	233
	218
	218
	105240
	549211547

	N-Ethyl-4-propyl-4-octanamine
	205802
	647.6
	199
	156
	156
	596.4
	4523817

	1,1,1-trimethyl-N-(1-methyl-2-phenylethyl)-N-(trimethylsilyl)-silanamine
	17272759
	697.6
	279
	188
	188
	74522
	250133093

	2-(p-Chlorophenyl)-ethylamine
	4548
	750.8
	155
	236
	236
	29.56
	106278

	4-ethyl-4H-1,2,4-
Triazol-3-amine
	2978741
	856.6
	112
	112
	112
	5784.4
	48870187

	Benzeneethanamine
	18917
	960.6
	241
	446
	446
	289.35
	1338489

	Trimethylsilyloxy-methylamine
	7191
	991.3
	343
	345
	345
	65.675
	191586

	Adamantanemethylamine
	13916
	1123.3
	179
	190
	190
	34.615
	326441


*S/N – signal to noise ratio 
Table S2 – The amount (µM) of uric acid (UA) found in tested fermentation samples (supernatants) by conventional fluorescence-based Amplex™ Red Uric Acid/Uricase assay 

	Tested
supernatant
	Cultivation time of cells, h
	Optical density (OD) of cell suspension
	Concentration of (UA), µM ±SD
	Calibration formula
	R2

	E. coli
	2
	2.1
	28.21±0.01
	


y = 1571·x + 7213
	


0.998

	E. coli
	2
	1.7
	10.83±0.03
	
	

	E. coli
	7
	3.8
	3.29±0.05
	
	

	E. coli
	7
	4.3
	3.43±0.05
	
	

	E. coli
	12
	6.3
	0.62±0.09
	
	

	Yeast cells
	70
	5.7
	1.36±0.03
	
	

	Yeast cells
	96
	6.1
	0.79±0.02
	
	


Table S3 – Wavenumbers for Cu2O, Cu3O4 and CuO reported in the literature and recorded from the samples in this study (shown for GO/SPE as a case study) 

	Literature 
	[1]
	[2]
	[3]
	[4]

	Oxide type
	Cu2O
	CuO
	Cu2O
	CuO
	Cu2O
	CuO
	Cu2O
	Cu4O3
	CuO

	Wave numbers [cm-1]
	93
	
	
	
	
	
	
	
	

	
	110
	
	
	
	
	
	
	
	

	
	148
	
	
	
	150
	
	195
	
	

	
	215
	
	218
	
	220
	
	218
	218
	

	
	
	296
	
	298
	
	297
	
	285
	285

	
	
	345
	
	347
	
	347
	
	
	

	
	520
	
	523
	
	520
	
	520
	520
	

	
	
	
	
	591
	
	605
	
	
	

	
	630
	630
	623
	
	630
	
	620
	620
	

	
	
	
	
	
	
	
	
	860
	

	
	
	
	
	
	
	
	
	1135
	



	Literature 
	[5]
	[6]
	[7]

	Oxide type
	Cu2O
	Cu4O3
	CuO
	Cu2O
	Cu4O3
	CuO
	Cu2O
	Cu4O3
	CuO

	Wave numbers [cm-1]
	93
	
	
	
	
	
	90
	
	

	
	109
	
	
	
	
	
	110
	
	

	
	145
	
	
	150
	
	
	150
	175
	

	
	220
	
	
	220
	
	
	220
	
	

	
	
	318
	296
	
	320
	300
	
	280
	290

	
	
	
	346
	
	
	350
	
	320
	340

	
	520
	510
	
	530
	540
	
	540
	530
	

	
	
	540
	
	
	
	
	
	
	

	
	610
	650
	631
	
	
	
	
	610
	

	
	800
	
	
	650
	650
	640
	650
	
	620



	Literature 
	[8]
	[9]
	[10]
	[11]

	Oxide type
	Cu2O
	Cu4O3
	CuO
	Cu2O
	Cu4O3
	CuO
	Cu4O3
	CuO
	Cu2O
Cu4O3
CuO y

	Wavenumbers [cm-1]
	90
	
	
	
	
	
	
	
	

	
	110
	
	
	110
	
	
	
	
	148

	
	148
	
	
	140
	
	
	
	
	

	
	218
	
	
	218
	
	
	
	
	216

	
	308
	312
	298
	
	312
	287
	312
	290
	296 / 318

	
	
	
	330
	
	
	340
	
	321
	345

	
	515
	533
	
	520
	515
	
	
	
	

	
	
	
	
	
	534
	
	515
	
	

	
	612
	
	602
	
	627
	620
	534
	
	541

	
	
	
	
	635
	
	
	
	
	

	
	
	
	
	
	
	
	627
	612
	651







	
Oxide type
	This work at RT1
	This work at 70 °C

	
	Cu2O on C2
	Cu2O on GO3
	Cu2O
Cu4O3
rGO4
	Cu2O
Cu4O3 on C at 70 °C
	Cu2O
Cu4O3
GO
	Cu2O
Cu4O3
CuO on
rGO
	Cu2O
Cu4O3
on rGO

	wavenumbers [cm-1]
	87
	87
	
	91
	90
	86
	91

	
	145
	145
	
	143
	143
	142
	143

	
	
	
	195
	
	
	
	

	
	218
	218
	221
	216
	216
	
	216

	
	
	
	
	
	
	278
	

	
	
	
	
	
	
	322
	

	
	417
	417
	483
	403
	403
	450
	403

	
	528
	528
	
	528
	530
	
	528

	
	
	
	
	
	
	
	

	
	
	
	579
	
	
	600
	

	
	612
	612
	
	606
	610
	
	606

	
	638
	638
	633
	
	
	
	

	
	
	
	
	836
	844
	840
	836


1RT – at room temperature (as prepared Cu-NPs);
2 – SPE/carbon; 
3 – SPE/GO
4 – SPE/r-GO.
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Table S4 – Reproducibility of the baseline of electrodes modified with electrodeposited Cu-NPs and heated at 70 °C (evaluated in buffer solution in MAM at pH 9±0.2, read-out at 0.22 V) 

	Cu2Ox-NPs/GO
(heated)
	Reproducibility of the baseline 

	
	I, µA
	Mean ±SD
	RSD, %

	Run to run
	7.7 ˣ10-1
7.1 ˣ10-1
6.9 ˣ10-1
	
7.23 ˣ10-1±0.41
	
5.75

	Batch to batch
	7.2 ˣ10-1
5.5 ˣ10-1
6.2 ˣ10-1
	
6.30 ˣ10-1±0.85
	
13.56
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