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Fig. S1 AFM images and selected area for analysis of MoS2 NSs
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Fig. S2 AFM images and selected area for analysis of MoS2-PDA nanocomposite
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The RCT values for electrode-modified surfaces were calculated from the Nyquist plot using 

the equation-

                      (S1)𝑅𝐶𝑇 = 𝑅𝑝 ‒ 𝑅𝑠

Where Rs is the solution resistance of electrolyte and Rp is the polarization resistance. 

Fig. S3 and Fig. S4 show bode plots that demonstrate the relation between the frequency with 

the phase shift and amplitude respectively. The phase shift v/s frequency bode plot (Fig. S3) 

depict the different phase value recorded at a frequency value of ~1000 Hz. The modified 

electrodes having a maximum phase shift below 90° attributed to the frequency where the 

resistance of electrodes mainly controlled the impedance. In Fig. S4, at low frequencies, the 

impedance relates the electron transfer process with mass transfer at the electrode surface. 

The rate of reaction can be determined by the frequency and impedance relation from the 

bode plots.1,2
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Fig. S3: Phase shift vs frequency plot after each step of surface-modified electrodes
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Fig. S4: Amplitude vs frequency plot after each step of surface-modified electrodes



S7

Differential pulse voltammetry based detection of SARS-CoV-2 N protein 

Under optimal electrochemical conditions, an immunosensor was employed to detect N 

Protein via DPV. The immunosensor was incubated with different concentrations of N 

Protein (10 ag mL-1 to 100 ng mL-1) in the redox electrolyte solution. The obtained peak 

current values are inversely proportional to the increasing concentration of N Protein as 

observed in the DPV curve at potential 0.22 V. (Fig. S5). The sharp decrease in 

immunosensor response current with the increase in the respective concentration of N Protein 

is attributed to the hindrance of electron transfer due to the formation of the Ab-N Protein 

complex on the electrode surface.3 The linear regression curve analysis as shown in Fig. S6 

provided the immunosensor response i.e., change in peak current in DPV analysis for the 

concentration range from 10 ag mL-1 to 100 ng mL-1.
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Fig. S5: DPV detection curve of the immunosensor for the detection of different 

concentrations of N Protein ranging from 10 ag mL-1 to 100 ng mL-1. 
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Electrochemical immunosensor current response for SARS-CoV-2 N protein

The electrochemical immunosensor response was calculated based on the change percentage 

of the DPV peak current signals obtained for different N Protein concentrations ranging from 

10 ag mL-1 to 100 ng mL-1 calculated from the following equation S2 -

          (S2)
𝐼𝑚𝑚𝑢𝑛𝑜𝑠𝑒𝑛𝑠𝑜𝑟 𝑟𝑒𝑠𝑝𝑜𝑛𝑠𝑒 (Δ𝑖%) =

𝑖𝑝𝑟𝑜𝑡𝑒𝑖𝑛 ‒ 𝑖0

𝑖0
× 100

where  is the change in percentage of immunosensor response with increasing Δ𝑖

concentration of N Protein in the redox electrolyte solution,  is the current obtained 𝑖𝑝𝑟𝑜𝑡𝑒𝑖𝑛

after incubating the immunosensor in N Protein, and  is the current obtained without N 𝑖0

Protein in the redox electrolyte solution. The calibration plot between the values and the Δ𝑖% 

logarithm of the concentration of N Protein along with the linearity equation: Δi  3.6224 

Log C (ag mL-1)  29.72 and its corresponding R2  0.94761 is shown in Fig. S6.

Furthermore, LOD and LOQ are calculated by the following equations (S3) and (S4) 

respectively-

,           (S3)
𝐿𝑂𝐷 =  

3.3 × 𝑆𝐷
𝑆

 

  ,           (S4)
𝐿𝑂𝑄 =

10 × 𝑆𝐷
𝑆

Where SD is the standard deviation of the response of the calibration curve  Standard error 

(SE) of intercept × ,   number of samples,  Slope of the calibration curve. The 𝑁 𝑁 𝑆

obtained values of LOD and LOQ are 4.8 ag mL-1 and 14.53 ag mL-1 respectively.
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Fig. S6: The calibration curve of the immunosensor for the detection of different 

concentrations of N Protein ranging from 10 ag mL-1 to 100 ng mL-1.
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Fig. S7: Electrochemical immunosensor performance in nasopharyngeal swab samples of 

negative and positive patients through DPV 4,5
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Fig. S8. Comparative Nyquist plot for negative and positive nasopharyngeal swab samples
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Fig. S9. Comparative bar graph for negative and positive nasopharyngeal swab samples via 

EIS
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