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Figure S1. Typical SEM image of the electrospun carbon nanofibers used in this work as the 

electrode platform, the morphology of which comprises a mixture of agglomerated fibres, mostly 

of the nano-sized dimensions (40 – 200 nm), with few fibres reaching the micrometric 

dimensions. 

  



S3 
 

 

Figure S2. Comparison of the cyclic voltammograms of the GCE modified with CNF, CNF-Ab 

and CNF-Ab-BSA in 0.1 M K4Fe(CN)6 / K3Fe(CN)6 in PBS/AE at 0.26 V (vs Ag|AgCl, 3 M 

KCl) at 50 mV/s. All measurements (SWV and EIS) were obtained in 0.14 M PBS/AE (pH 7.4) 

containing 0.1 M [Fe(CN)6]3-/[Fe(CN)6]4-.  

 

As shown in Fig. 1 (see main text), the bare GCE shows faster electron transport due to its 

homogeneous surface compared to the heterogeneous nature of the modified surfaces (e.g., SEM 

image of the GCE-CNF-Ab-BSA). NOTE: Our choice of high concentration of the redox probe 

(0.1 M [Fe(CN)6]3-/[Fe(CN)6]4-) instead of the conventional low concentration (e.g., 1 – 5 mM in 
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0.1 M KCl) has been informed by four key reasons, based on literature precedents:1-6 First, unlike 

Au electrode in our previous works,1,2 the use of a low concentration of the redox probe (1 mM 

K4Fe(CN)6 / K3Fe(CN)6 in 0.14 M PBS/AE) in this study did not yield any observable redox 

peak currents with GCE. Interestingly, such current suppression of the redox process of the ferri-

/ferro-cyanide anions at carbon electrode has long been observed by Lee and Anson3 who 

attributed it to the  (i) “dynamic diffuse layer effect” in which the transport of charged reactants 

across the diffuse part of the double layer at the electrodes limits the rate of redox reactions, and 

(ii) the nature of the carbon surface that requires exceptional steps to clean it to avoid sluggish 

electron transfer kinetics of a class of reactants such as the ferri-/ferro-cyanide. Second, the key 

objectives of using high concentration of supporting electrolyte in electrochemistry are to 

increase electrical conductivity of the solvent and to reduce or eliminate completely mass 

transport by migration. However, the use of supporting electrolyte may not be necessary if highly 

charged electroactive species are involved in the voltammetric studies since such species can 

provide the needed electro-reactant ions and counterions for voltammetric current response to 

occur.4 Third, the use of high concentration of the redox probe will eliminate the complications 

of the Frumkin effect (i.e., diffuse double layer effect) but establish a well-defined compact 

double layer.4-6 Fourth, a recent study by Tsierkezos and Ritter7 on the effect of concentration of 

supporting electrolyte on electrochemistry of ferri-/ferro-cyanide showed that there is no 

significant difference in the electrochemistry (e.g., in terms of Ipa/Ipc, diffusion coefficients, and 

double layer capacitance) when the concentration of the supporting electrolyte (KCl) is the same 

(1 mM)  as that of the ferri-/ferro-cyanide and when the concentration of the KCl is 10 times (10 

mM) that of the ferri-/ferro-cyanide. 
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Table S1. Comparing the CV data obtained for the GCE modified with CNF, CNF-Ab and CNF-
Ab-BSA in a redox probe, (i.e., 0.1 M K4Fe(CN)6 / K3Fe(CN)6 in 0.14 M PBS/AE at 0.26 V (vs 
Ag|AgCl, 3 M KCl). 
 

Electrode Cyclic voltammetric parameter 

Epa /V Epc /V Ep /V Ipa /A Ipc /A Ipa/Ipc 

Bare GCE 0.396 0.164 0.230 1521 -1472 1.03 

GCE/CNF 0.408 0.152 0.256 816.8 -822.9 1.00 

GCE/CNF-Ab 0.466 0.144 0.322 362.2 -968.8 0.37 

GCE/CNF-Ab-BSA 0.759 0.139 0.620 3.87 -6.54 0.59 

 

 

 

The surface coverage ( / mol/cm2) of the antibody as a surface-bound species can be 

obtained using the conventional equation below:7  

    Γ =  
4𝑅𝑇𝑖𝑝

𝐴𝑛2𝐹2 
 

where ipa is the anodic peak current (i.e., 0.000888 and 0.000946 A for GCE-CNF and GCE-

CNF-Ab, respectively) F is the Faraday constant (96,584 C/mol), R is the rate constant (8.314 

J/mol K), T is the absolute temperature (298 K), n is the number of electrons involved in the 

electrochemical process (i.e., 1),  is the scan rate (0.050 Vs-1), A is the real surface area of the 

electrode (0.0704 cm2) the other symbols have their usual meaning. The values of the surface 

coverage were estimated to be ~ 2.68 x 10-7 and ~ 2.86 x 10-7 mol/cm2 for the GCE-CNF and 

GCE-CNF-Ab, respectively. These results demonstrate that the amount of the antibody on the 

CNF is approximately 1.8 x 10-8 mol/cm2. 
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Figure S3. Repeat concentration studies conducted after 2 months using same samples prepared 

for Fig. 2 (see main text): (A) SWV responses of the GCE-modified immunosensor (GCE-CNF-

Ab-BSA) at different concentrations of the vibrio cholerae toxin (VCT: 1.30 x 10-13 – 45.50 x 10-

6 g mL-1); (B) SWV-measurement calibration curve for the detection of the VCT; (C) Nyquist 

plots (-Zim vs Zre) for the EIS measurements at different VCT concentrations as in (A); and (D) 

the EIS-measurement calibration curve for the detection of VCT. All measurements (SWV and 

EIS) were obtained in 0.14 M PBS/AE (pH 7.4) containing 0.1 M [Fe(CN)6]3-/[Fe(CN)6]4-. 

Interestingly, despite the slight change in the shape of the response curves (especially EIS) 

compared to the fresh sample analysis (Fig. 2, main text), there is no significant change in the 

concentration curve graphs.    
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Figure S4. Typical SWV response (A) and the corresponding bar chart (B) of current response at 

constant VCT concentration (8.50 x 10-7 g/mL).  
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Figure S5. Typical SWV response (A) and the corresponding bar chart (B) of current response at 

constant VCT concentration (8.90 x 10-7 g/mL) upon different regeneration. 
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