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Scheme S1. Schematic diagram of the flow injection setup used in the experiments showing in
particular the electrochemical cell and the relevant dual electrode biosensor used in the am-
perometric measurements (the reference electrode and the flow cell gaskets were omitted for sake
of figure clarity).

Table S1. Comparison of main analytical performances of choline oxidase (ChO)/alkaline phosphatase (ALP) biosensors
produced with different ALP sources.

Enzyme Source Units? Enzyme Code? Main Analytical Performances of Biosensors

Bovine intestinal 13 DEA units/mg P7640 Low PCh?sensitivity, low PCh/.Ch4 sensitivity ratio, high
mucosa response time

Bovine calf intesti- 2 000 DEA units P7923 Acceptable PCh sen§1t1V1ty, low PCh/Ch sen51t1v1't¥ ratio,
nal high response time, very low long-term stability
Limited PCh/Ch s ; hich

Shrimp 1,300 DEA units P908S imited PCh/C sensl’a\/'tlitril1 ;atlo, very high response

Bovine intestinal High PCh sensitivity, satisfactory PCh/Ch sensitivity ra-
mucosa 22,990 U/mL 79385 tio, low response time, high operational and long-term

stability

Biosensor preparation and experimental condition as described in Section 2 of the paper. 'One DEA unit is defined as the
amount of protein that hydrolyzes 1 pmol of 4-nitrophenyl phosphate per minute at pH 9.8 and 37 °C. 2Commercial code:
see Section 2 of the paper for relevant details and commercial source. >phosphocholine. “choline.
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Figure S1. Normalized sensitivities towards Ch and PCh vs pH at a typical rotating disk Pt/ChO-
ALP electrode. Supporting electrolyte: acetate/borate/tris buffer (I 0.1 M). Rotation rate: 1000 rpm.
Experimental condition as described in Section 2 of the paper.
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Figure S2. Linear parts of the calibration curves at the dual electrode biosensor for replicate injec-
tions of Ch and PCh as shown in Figure 1 (see the relevant section of the paper). Continuous lines
refer to linear fitting of data (correlation coefficients better than 0.999). Carrier solution: borate
buffer (pH 9, I 0.1M); flow rate 1 mL/min; injection volume 20 pL. Other experimental conditions
as described in Section 2 of the paper.
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Figure S3. Normalized peak currents vs flow rate plots for replicate injections of Ch (2.5 uM) and
PCh (25 uM) at Pt/ChO (left) and Pt/ChO-ALP (right) dual electrode biosensor. Carrier solution:
borate buffer (pH 9, I 0.1M); injection volume 20 pL. Other experimental conditions as described in
Section 2 of the paper.
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Figure S4. Typical flow injection responses at the dual electrode biosensor for replicate injections
of Ch 2.5 uM (Ch1), 1.25 uM (Ch2), 0.625 uM (Ch3) and PCh 25 uM (PCh1), 12.5 uM (PCh2), 6.25
uM (PCh3); B refers to responses due to replicate injections of the carrier solution, i.e. the buffer

used for preparing sample solutions. Upper and lower traces refer to responses at Pt/ChO and

Pt/Cho-ALP biosensors, respectively. Carrier solution: borate buffer (pH 9, I 0.1M); flow rate 0.2
mL/min; injection volume 20 pL. Other experimental conditions as described in Section 2 of the

paper.
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Figure S5. Comparison of flow injection responses at the dual electrode biosensor for replicate
injections of Ascorbate (AA, 0.1 mM), Urate (AU, 0.5 mM) Cysteine (CYS, 0.2 mM), Ch (0.1 mM)
and PCh (1 mM) at a flow rate of 1 mL/min. Upper and lower traces refer to responses at Pt/ChO
and Pt/Cho-ALP biosensors, respectively. Carrier solution: borate buffer (pH 9, I 0.1M); injection
volume 20 pL. Other experimental conditions as described in Section 2 of the paper.
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Figure 6. Comparison of flow injection responses at the dual electrode biosensor for replicate injec-
tions of Ascorbate (AA, 0.1 mM), Urate (AU, 0.5 mM) Cysteine (CYS, 0.2 mM), Ch (0.1 mM) and
PCh (1 mM) at a flow rate of 0.2 mL/min. Upper and lower traces refer to responses at Pt/ChO and
Pt/Cho-ALP biosensors, respectively. Carrier solution: borate buffer (pH 9, I 0.1M); injection vol-
ume 20 pL. Other experimental conditions as described in Section 2 of the paper.
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Figure S7. Typical flow injection responses at the oPPy modified dual electrode biosensor for rep-
licate injections of Ch 2.5 uM (Ch1), 1.25 uM (Ch2), 0.625 uM (Ch3), PCh 25 uM (PCh1), 12.5 uM
(PCh2), 6.25 uM (PCh3) compared to responses due to AA 0.1 mM, AU 0.5 mM and CYS 0.2 mM;
B refers to responses due to replicate injections of the carrier solution, i.e. the buffer used for pre-
paring sample solutions. Upper and lower traces refer to responses at Pt/oPPy/ChO and
Pt/oPPy/ChO-ALP biosensors, respectively. Carrier solution: borate buffer (pH 9, I 0.1M); flow rate
0.2 mL/min; injection volume 20 puL. Other experimental conditions as described in Section 2 of the

paper.

Table 2. Analytical performances at the oPPy modified dual electrode biosensor! at low flow rate.

Analyte Biosensor Sensitivity Linear Range LOD?
(UA/mM) (uM) (uM/pmol)
PCh Pt/oPPy/ChO-ALP 0.318 8-1,000 8.4/169
Ch Pt/oPPy/ChO-ALP 1.64 0.7-1,000 0.57/11.4
Ch Pt/oPPy/ChO 1.89 0.7-1,000 0.64/12.8

ICarrier solution: borate buffer (pH 9, I 0.1M); flow rate 0.2 mL/min; injection volume 20 uL. Other
experimental conditions as described in Section 2. 2LOD: relative (uM) and absolute (pmol in-
jected) limit of detection calculated at a signal-to-noise ratio of 3.



