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EXPERIMENTAL SECTION
Ѕ1 – Reagent and Materials
Ammonium sulphate ((NH4)2SO4, 99%), urea (CH₄N₂O, 99%), dibenzo-18-Crown-6 (DB18C6) (C20H24O6, 98%), 1,2-Dichloroethane (DCE) (C2H4Cl2, 99%), ethyl violet chloride (EthVCl) (C25N3H30Cl,), sodium tetraphenyl borate (NaTPB) (C6H5)4BNa, 99.5%), urease (Urs) (72520 units/g, Type ix from jack beans), N-(3-Dimethylaminopropyl)-N′-ethyl carbodiimide hydrochloride (EDC) (C8H17N3·xHCl, 99%), N-Hydroxy succinimide (NHS) (C4H5NO3, 99%), sodium nitrite (NaNO2, 99%), 4-aminobenzoic acid (PABA) (C7H7NO2, 99%), L-ascorbic acid (C6H8O6, 99%), hydrochloric acid (HCl, 37%), ethanol amine (EA) (C₂H7NO, 99.5%), sodium phosphate monobasic (H2NaPO4, 99%), sodium phosphate dibasic (HNa2PO4, 99%), sodium borohydride (NaBH4, 98%), and silver nitrate (AgNO3, 99.999%), all supplied by Sigma Aldrich/ Merck (South Africa), were used as received to prepare the required reagent solutions. The target oligo ribonucleic acid (tORN), the capture (cODN), the single mismatch target (2mORN) and signal oligo (sODN) were purchased from Integrated DNA Technologies (USA) (see in Table S 1). Magnesium sulphate (MgSO4, 99,5%) and trisodium citrate dihydrate (Na3C6H5O7.2H2O, 99%) were supplied by Kimix (South Africa) and Alfa Aesar (USA), respectively. The genosensor device was assembled from the Pt wire counter electrodes, Ag wire pseudo reference electrodes, the cellulose membrane (CM) (MWCO 14000, USA) obtained from Sigma Aldrich. The CM was continuously kept dry at room temperature in a vacuum desiccator.
[bookmark: _Ref197349346][bookmark: _Toc213004365]Table S 1: Base sequences the oligo-RNA and oligo-DNA probes used for the development of the iono-amperometric genosensor for MTB’s IS6110.
	Probes
	Sequence
	Bases No.

	tORN
	5’- rArGrA rCrCrU rCrArC rCrUrA rUrGrUrGrUrC rGrA -3’
	20

	2mORN 
	5’- rArGrA rArCrU rCrArC rCrUrA rUrGrU rGrCrC rGrA -3’
	20

	cODN 
	5’-GGT GAG GTC T/3AmM/-3’
	10

	sODN
	5’-/5ThioMC6-D/ CCC CCC AAA AAT CGA CAC ATA-3’
	21


Pt screen printed electrodes DS550 (DropSens, Spain) were used to confirm urease activity in the aqueous phase using high-frequency impedance measurement.
S2 – Core Sensor Assembly
The lipophilic phase holder was an in-house-made all with Teflon rods, Teflon tubular nut (tip i.d. = 4 mm), bolt, and O-ring kit was used to assemble a standard half-cell so called “soft-electrode or ” which contained hydrophobic solution simply referred to as the oil phase (O) and two internal Platinum (Pt) wires one serving as a counter electrode (CE(O)) and the other as a pseudo-reference electrode (RE(O)). The threaded end of the half-cell was covered with a hydrophilic semi-permeable cellulose membrane (CM, 25 mm x 25 mm). The CM pieces were soaked in pure water for 30 min immediately before use. The O phase was a mixture of Ethyl violet tetraphenylborate (EthVTPB, 10 mM)/ DB18C6 (50 mM)/ DCE.
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[bookmark: _Toc213004354]Figure S 1: Photographs of Assembled core-sensor side (left) and bottom (right) view.
For the second half-cell so called “sample medium”, the aqueous MgSO4 (50 mM, unless otherwise stated) served as the hydrophilic phase (W) where a second pair of electrodes (a reference (RE(W)) and counter (WE)) were inserted to complete the electrochemical circuit according to previous works 1. 
S3 – Instruments
Cyclic voltammetry (CV) and Electrochemical Impedance Spectroscopy (EIS) experiments were mainly carried out using Impedance Spectrum Analyser IM6 - ZAHNER-elektrik GmbH & Co (Germany). Precise pH measurements were carried out with pH-meter (pH 50 VioLab, Lasec). Weighing of reagents were performed with aid of an analytical balance (RADWAG, Poland, model AS 220.R2, Lasec). Atomic force microscopy (AFM) was performed with a Nanosurf Model Easy Scan 2 AFM module interfaced with a nanosurf easyscan 2. All the AFM experiments were conducted with a easyscan 2 AFM scanner with the scan range 50 µm in x-y (Molecular Imaging Corp.). The Cantilever type used was CONTSCPt of 225 µm length, and parameters including 0.2 N/m spring constant, fo = 25 kHz, and the applied static force of 20 nN were used for contact mode AFM in air. All images were taken at room temperature, with scan rates of 1.0-1.3 lines s-1. The ultraviolet visible (UV-vis) spectra were obtained using Dropsens spelec module (S/N: USP14028A).
S4 – Fabrication of genosensor and characterization
This process consisted of four modification steps onto the CM for the crosslinking of the cODN probe. The steps were (i) the carboxylation performed by drop depositing 100 µL of benzoic acid diazonium solution (30 mM); (ii) the activation step of the -COOH functional group by drop casting 100 µL EDC/NHS solution (100 mM); (iii) immobilization step by drop deposition of 100 µL of the cODN solution (25 or 1 µM for characterization or analytical performance testing respectively); and (iv) deactivation with 100 µL ethanolamine for 10 min. Steps (i – iii) lasted an hour and the sensors were thoroughly rinsed in-between each step with DIW. The obtained genosensor was stored in the fridge until use.
Signal probe reagent Synthesis (sODN-Agn-Urs): The signal probe reagent synthesis was achieved by using a two-step procedure involving (i) the synthesis and carboxylation of silver nanoparticles (Agn-COOH) by diazotization and (ii) the functionalization of the carboxylated Agn to obtain sODN- Agn-Urs. 
Synthesis of Agn & Carboxylation: Agn-phCOOH 
A procedure adapted from 2 was performed to synthesize silver nanoparticles grafted with benzoic acid diazonium salt. Briefly, into a flask containing 240 mL of boiled water, 0.24 mL of l-ascorbic acid (100 mM), 3.3 mL of trisodium citrate (100 mM), 6 mL of polyvinylpyrrolidone (0.01 wt%) and 0.8 mL of silver nitrate (100 mM) were successively added, then heated and stirred for about 6 min. The resulting orangish solution (Agn solution) was then cooled at room temperature and stored in the fridge. Then 1.2 mL of diazonium salt solution (0.8 mM) was added to a flask containing (120 mL) of Agn solution and left to react for an hour then 4 mL of PVP (1 wt%) was added to the mixture and left to react for 1 h at room temperature resulting in the formation of HOOCph- Agn solution. Finally, 45 mL aliquot of the HCOOph-Agn solution was submitted to 4 cycles of centrifugation/redispersion in DI water 5 min per cycle at 4500 rpm. The resulting HCOOph-Agn were concentrated in 1.5 mL of DI water then stored in the fridge before use.
[bookmark: _heading=h.2et92p0]Functionalization of Agn-COOH: spODN-Agn -Urs
A procedure adapted from literature 3,4 was used to perform a co-functionalization of HOOC- Agn. 450 µL of HOOC-Agn solution previously synthesized was pipetted and activated with 50 µL of EDC/NHS solution (0.1 M) for 40 min then 100 µL of sODN (50 µM) and urease (10 µg/µL) were successively added to the mixture for an hour. In the final stage 5 cycles centrifugation step of the mixture was conducted for 40 min (at 4500 rpm), before sODN-Agn-Urs retrieval and redispersion in 200 µL of DI water.
The electrochemical characterization aimed at establishing the possibility of the assay and the topographic images of the genosensor, the concentration of the signal reagent used was 167.2 mg/mL. The concentration of the signal reagent used to investigate the analytical figure of merits of the genosensor was very diluted (i.e. 54 mg/mL).
ADDITIONAL RESULTS
S5 – Electrochemical Characteristics of the Core-Sensor (Pt|O|CM): NH4+ in solution

The EC characteristics obtained from the background CVs of Pt|O|CM are compiled in Table S 2, showing acceptable EC response expressed by the relatively small capacitance values () 5 due to the capacitive current values being generally smaller than 1 µA. 


[bookmark: _Ref153710769]
[bookmark: _Ref197386593][bookmark: _Toc213004355][bookmark: _Ref181192114]Figure S 2: (A) CVs recorded at 10 mV/s Pt|O|CM for (a) 0 mM, (b) 0.1 mM, (c) 0.2 mM, and (d) 0.3 mM NH4+ in aq. MgSO4 (50 mM); (B) Scan rate study and inset of Randles-Sevcik plot for 0.3 mM  in the same aq. Phase.
[bookmark: _Ref197386989]
[bookmark: _Toc213004366]Table S 2: Pt|O|CM base characteristics in absence of analyte (NH4+) according to Figure S 1A curve a.
	Electrode
	iC (µA)
	Cdl (µF)
	E initial (mV)
	E final (mV)
	Window (mV)
	σ (µS/cm) 

	Pt|O|CM
	+0.918a
	91.8a
	0
	–600
	600
	1603 – 3175

	
	-0.231c
	–23.1c
	
	
	
	



The high frequency impedance ranging from 1 – 1.99 kΩ was recorded and served to approximate the conductivity () 6 range of the iono-amperometric ammonium ion sensor. 
[bookmark: _heading=h.4d34og8][bookmark: _Ref197387503][bookmark: _Toc213004367]Table S 3: CVs data obtained in presence of NH4+ in sample medium at Pt|O|CM from Figure S 1A (curves b – d).
	[NH4+] / mM
	Ep,c / mV
	Ep,a / mV
	ip,c / µA
	ip,a / µA
	ΔEp / mV
	E0’ / mV
	ip,c / ip,a

	0.1
	–413.79
	–354.60
	–5.514
	5.917
	59.19
	–384.20
	0.932

	0.2
	–413.85
	–354.60
	–11.668
	12.21
	59.25
	–384.20
	0.956

	0.3
	–413.85
	–354.60
	–20.737
	21.229
	59.25
	–384.20
	0.977


[bookmark: _heading=h.2s8eyo1]Additionally, the EC response recorded in presence of NH4+ in solution expressed by both data calculated and extrapolated from Figure S 1A (curves b – d) compiled in Table S 3. The calculated values included the peak-to-peak separation (ΔEp), the peak current ratio, and the formal potential (E0’). The results suggested the occurrence of a reversible transfer justified by ΔEp of 59 mV and more or less maintained independently of the change in scan rate as depicted in Figure S 1B. Two straight lines were obtained plotting the Randles Sevcik plot as shown in Figure S 1B and the cathodic line has a slope of –41.901 µA(s/mV)1/2 from which was calculated the diffusion coefficient whose value was found to be 1.706 10-5 cm2/s from the Randles-Sevcik equation (1). 

				(1)
S6 – NH4+ Core-Sensor: Voltammetric Response to urea/urease in solution
Figure S 2 shows the CVs obtained in presence of various concentrations of urea with urease pre-dissolved in the sample medium. 


[bookmark: _Ref197388713][bookmark: _Toc213004356][bookmark: _Ref153942132]Figure S 3: CVs obtained at 10 mV/s with Pt|O|CM in aq. MgSO4 (50 mM), containing urease (74 µg/mL) and (a) 0 mM urea, (b) 0.1 mM urea, (c) 0.2 mM urea, (d) 0.3 mM urea, (e) 0.4 mM urea, and (f) 0.1 mM NH4+. Ru = 1.34 ± 0.25 kΩ.

[bookmark: _Toc213004368]Table S 4: CVs data obtained in presence of urea/urease in solution at Pt|O|CM from Figure S 1A (curves b – d).
	[urea] / mM
	Ep,c / mV
	Ep,a / mV
	ip,c / µA
	ip,a / µA
	ΔEp / mV
	ip,a / ip,c

	0
	–402
	–357
	–7.54
	3.70
	45
	0.49

	0.1
	–365
	–341
	–14.9
	13.7
	24
	0.92

	0.2
	–351
	–357
	–17.9
	17.3
	–6
	0.97

	0.3
	–346
	–360
	–21.2
	18.6
	–14
	0.88

	0.1 [NH4+]
	–341
	–365
	–25.5
	21.5
	–24
	0.84






S7 – EC response of NH4+ Core-Sensor-based genosensor (Pt|O|CM-cODN)

[bookmark: _Toc213004369]Table S 5: EC parameters obtained from the cyclic voltammograms in Error! Reference source not found.A.
	[bookmark: _Hlk194441186]
	[Urea/ mM]
	Ep,a/ mV
	Ep,c/ mV
	Emid/ mV
	Ep/ mV
	iC,f/ µA
	iC,r/ A
	Ip,a/ A
	Ip,c/ A
	Ip,a/ip,c

	Genosensor last CV cycle
	0
	81±5
	–7±1
	37±3
	87±6
	-0.3±0.1
	-2.2±0.3
	4.6±0.2 
	–7.7± 0.1
	0.6

	
	0.2
	75±6
	28±3
	51±4
	48±8
	0.8±0.1
	4.1±0.2
	3.4±0.5
	–5.1±0.1
	0.7

	After UTSH
	0
	76±4
	51±3
	64±3
	25±7
	-2.8±0.2
	2.4±0.2
	6.1±0.3
	–6.8±0.1
	0.9

	
	0.2
	83±3
	43±3
	63±3
	40±7
	-2.2±0.1
	4.1±0.4 
	4.2±0.2
	–9.1±0.1
	0.5




[bookmark: _Toc213004370][bookmark: _Hlk194445030]Table S 6: Randle-cell and dynamic parameters obtained based on the Nyquist plots Each fitting was done at chi-squares and sum of squaresin the order of 10-3 and 10-2, respectively. Genosensor-A & -C = Pt|O|CM-cODN. tORN/UTSH-A & –C = Pt|O|CM-cODN/tORN/sODN-Agn-Urs. 1mORN/UTSH-C = Pt|O|CM-cODN/1mORN/sODN-Agn-Urs. 
	[bookmark: _Hlk194444242]Genosensor 
State
	Urea/
signal
medium
	Randle cell parameters

	
	
	R1/
x102 Ω
	Rct /
kΩ
	Cdl/ 
µF
	W
	W-T /
10-1 s1/2/µΩ

	Genosensor-A
	0 mM
	7.9 ± 0.1
	0.8 ± 0.1
	11.3 ± 0.6
	0.52 ± 0.01  
	18.4 ± 0.4

	
	0.2 mM
	6.9 ± 0.1
	1.1 ± 0.2
	11.4 ± 0.6
	0.53 ± 0.02
	13.5 ± 0.3

	tORN/UTSH-A
	0 mM
	4.9 ± 0.1
	1.1 ± 0.2
	31 ± 2
	0.60 ± 0.03
	15.3 ± 0.5

	
	0.2 mM
	5.8 ± 0.1
	0.6 ± 0.1
	33 ± 2
	0.56 ± 0.02
	27.5 ± 0.5

	Genosensor-C
	0 mM
	11.2 ± 0.1
	0.9 ± 0.1
	6.8 ± 0.4
	0.51 ± 0.02
	12.7 ± 0.3

	
	0.2 mM
	10.5 ± 0.2
	1.5 ± 0.4
	6.6 ± 0.6
	0.51 ± 0.03
	9.4 ± 0.4

	2mORN/UTSH-C
	0.2 mM
	9.0 ± 0,1
	2.4 ± 0.2
	5.1 ± 0.1
	0.52 ± 0.01
	5.9 ± 0.1

	tORN/UTSH-C
	0.2 mM
	7.7 ± 0.1
	1.1 ± 0.1
	6.5 ± 0.2
	0.49 ± 0.01
	13.0 ± 0.2



S8 – Characterization of NH4+ Core-Sensor-based genosensor (Pt|O|CM-cODN)
Atomic Force Microscopy (AFM)

Figure S 3 shows the 3D AFM image of the functionalized CM before and after chemical modification of the surface (carboxylation and cODN conjugation) at room temperature for an hour. The roughness values given in Table S 7 are the average of measurements conducted at 5 random spots of the CM surface. The results show a decrease in roughness post cODN modification which may be due to the cODN covering the small valleys of the CM surface thereby tending to form a smoother surface. 



[bookmark: _Ref210706152][bookmark: _Toc213004371]Table S 7: The roughness parameter of CM
	Material
	Area Roughness (Sa)

	CM
	49 ± 3 nm

	CM-phCOOH
	15 ± 2 nm

	CM-cODN
	18 ± 2 nm

	CM-cODN/ sODN- Agn-Urs
	20 ± 3 nm

	CM-cODN/tORN/sODN-Agn-Urs
	173 ± 59 nm




[image: ]

[bookmark: _Ref210705939][bookmark: _Toc213004357][bookmark: _Ref210705927]Figure S 4: AFM 3D images of (A) CM, (B) CM-phCOOH, (C) CM-cODN, (D) CM-cODN/sODN-Agn-Urs, and (E) CM-cODN/tORN/sODN-Agn-Urs. Area = 2500 m2.




UV-vis Spectroscopy

To confirm and investigate the state the synthesis of silver nanoparticles (Agn) upon diazotization and co-conjugation of Urs and sODN, UV–vis analysis was carried out. Past research has proven that the peak of Agn appears in the wavelength range between 400 and 450 nm. For spherically shaped Agn have been reported to appear roughly 400 – 420 nm. At 415 nm, the synthesized Agn exhibited a surface plasmon resonance (SPR) that was well defined (see Figure S 5, curve a). The location of the peak suggests that the synthesized nanoparticles were spherical in shape and rather tiny. 


[bookmark: _Ref212926789][bookmark: _Toc213004359]Figure S 6: Normalized UV-vis spectra of (a) Agn, (b) sODN-Agn-Urs, and (c) ClN2phCOOH.
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Scanning Electron Microscopy (SEM) and Energy dispersive X-ray spectroscopy (EDX) 

Genosensor analytical performance – Impedimetric measurements
Figure S 7 shows the bode plot recorded during the detection of tORN and Table S 8 compiles the corresponding Randle-cell dynamic parameters.




[bookmark: _Ref212982607][bookmark: _Toc213004360]Figure S 7 Bode plots obtained with Pt|O|CM-cODN in 50 mM MgSO4 containing 2 mM urea at 58 mV dc for the detection of tORN (a) 0 nM, (b) 5 nM, (c) 10 nM, (d) 20 nM, & (e) 50 nM.

[bookmark: _Ref212982962][bookmark: _Toc213004372]Table S 8: Randle-cell dynamic parameters obtained based on the bode plot.
	
	0 nM tORN
	5 nM tORN
	10 nM tORN
	20 nM tORN
	50 nM tORN

	Chi-Sqr
	0,00313
	0,00939
	0,00336
	0,0641
	0,0103

	Sum-Sqr
	0,116
	0,423
	0,151
	2,88
	0,464

	R1
	1052
	528,3
	417,4
	591,8
	427,6

	R1(Error%)
	4,84
	6,27
	4,49
	11,9
	5,40

	Rct
	1947
	0
	0
	0
	0

	Rct (Error%)
	14,1
	N/A
	N/A
	N/A
	N/A

	W-T
	2,13x10-5
	1,92x10-5
	2,14x10-5
	2,28x10-5
	2,67x10-5

	W-T (Error%)
	2,49
	4,12
	2,43
	10,7
	4,42

	W-P
	0,518
	0,707
	0,691
	0,762
	0,743

	W-P (Error%)
	3,27
	1,59
	0,947
	4,08
	1,68

	Cdl
	1,23x10-6
	0
	0
	0
	0

	Cdl (Error%)
	12,364
	N/A
	N/A
	N/A
	N/A
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