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Experimental 26 

Characterization of gold nanoparticle and the MAbs-GNP conjugate nanoprobes  27 

To study the morphology and the size of the particles using TEM technique, the 28 

particles were diluted with distilled water in a 1:24 ratio and mixed for homogenization. 29 

Twenty microliters of the suspension were dropped into the carbon-coated 300 mesh copper 30 

TEM film grid and dried at 37 °C for 30 min. Subsequently, the grid of each sample was placed 31 

into the sample holder to begin measurement, and the TEM images were obtained by 32 

Transmission electron microscope (HT7800, HITACHI, Japan), with a voltage of 80 kV. 33 

The hydrodynamic radius distribution and the zeta potential of the nanoparticles were 34 

measured using the DLS technique. The particle samples were diluted with distilled water, and 35 

a volume of 750 μl of sample suspensions in a microvolume quartz cuvette was performed 36 

triplicately for each sample at 25 °C using a DLS instrument (Zetasizer Nano ZS, Malvern, 37 

UK), with a wavelength of 633 nm of a helium-neon laser at an angle of 173. 38 

UV-Vis spectroscopy was used to investigate the maximum absorption peak (Amax) 39 

value of the nanoparticles before and after conjugation. Briefly, a volume of 90 μl of each 40 

particle sample was transferred in triplicate, to a 96-well plate. UV-Vis absorption spectra of 41 

the nanoparticles were obtained at 25 °C in a wavelength range of 400-900 nm with 2 nm 42 

resolution using a microplate reader (Power wave XS2, Bio-Tek, USA). 43 
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Figure S1 A representative EDX spectra of elements obtained from (a) the test line (TL) of 51 

positive and (b) negative samples. 52 

 53 
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Figure S2 The change in size distribution, surface charge, and absorption spectra of the 62 

particles before and after conjugation, using TEM, DLS, UV-vis absorption spectra analyses. 63 

TEM images of gold nanoparticles (a) before, (b) after conjugation, and (c) in a presence of 64 

high salt concentration. UV-vis absorption spectra (d) of the particles at different conditions 65 

were demonstrated. 66 
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Figure S3 Coomassie staining of (a) 10 % SDS-PAGE of SARS-CoV-2 nucleocapsid protein 85 

and other closely related and non-related viral recombinant proteins and (b) Western blot 86 

analysis with primary antibody specific to SARS-CoV-2 nucleocapsid protein. Lane M: 87 

Ladder; Lane 1: Storage buffer (negative control); Lane 2: Recombinant SARS-CoV-2 88 

nucleocapsid protein; Lane 3: SARS-CoV-2 spike protein; Lane 4: SARS-CoV nucleocapsid 89 

protein; Lane 5: MERS-CoV nucleocapsid protein; Lane 6: CoV-229E nucleocapsid protein; 90 

Lane 7: CoV-NL63 nucleocapsid protein; Lane 8: Recombinant influenza A nucleoprotein; 91 

Lane 9 Inactivated influenza B infected cell lysate protein; Lane 10: Inactivated respiratory 92 

syncytial virus infected cell lysate protein; Lane 11: Inactivated adenovirus infected cell lysate 93 

protein; Lane 12: Inactivated parainfluenza infected cell lysate protein 94 
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Figure S4 Performance correlation of the system in detecting SARS-CoV-2 nucleocapsids with 101 

other three commercially available rapid tests, including Test A and Test B (rapid test with 102 

direct signal visualization), and Test C (fluorescence based rapid test). Both semi-quantitative 103 

analysis (upper panel) and direct visualization (lower panel) revealed the performance of the 104 

developed system with the least limit of detection at 0.07 ng/test, compared to those of 105 

commercial Test A, B, and C (fluorescence-based test). With Test C, the result was obtained 106 

only in positive and negative format result, according to the instruction manual.   107 
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Table S1 Calculation of diagnostic parameters, including estimated sensitivity and specificity, 117 

predictive value of positive (PPV) and negative (NPV) results, and accuracy.  118 

This work 

Reference method (Real-time RT-PCR) 

Total 

Condition Present Condition Absent 

Positive True Positive (TP) False Positive (FP) TP + FP 

Negative False Negative (FN) True Negative (TN) FN + TN 

Total TP + FN FP + TN All samples 

Parameter Calculation 

Estimated sensitivity 100% × TP /(TP + FN) 

Estimated specificity 100% × TN /(FP + TN) 

Predictive value of a positive result (PPV) 100% × TP /(TP + FP) 

Predictive value of a negative result (NPV) 100% × TN /(FN + TN) 

Accuracy 100% × (TP + TN) /(TP + FN + FP + TN) 
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Table S2 Preclinical evaluation of the system. Estimated sensitivity and specificity, predictive 132 

value of positive (PPV) and negative (NPV) results, and accuracy were shown.  133 

This work 

Reference method (Real-time RT-PCR) 

Total 

Condition Present Condition Absent 

Positive 49 0 49 

Negative 1 100 101 

Total 50 100 150 

Parameter Calculation 

Estimated sensitivity 100% × 49 /(49 + 1) = 98% 

Estimated specificity 100% × 100 /(0 + 100) = 100% 

Predictive value of a positive result (PPV) 100% × 49 /(49 + 0) = 100% 

Predictive value of a negative result (NPV) 100% × 100 /(1 + 100) = 99.001%  

Accuracy 100% × (49 + 100) /(49 + 1 + 0 + 100) = 99.330% 
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Table S3 Summary of recent LFIA-based and other approach as platforms for a detection of 148 

SARS-CoV-2 nucleocapsid protein (Please see references for Table S3 at the bottom of the 149 

page) 150 

 151 



Biosensor Biomarker LOD/Performance Detection 

time 

Advantages References 

LFIA platform – colorimetric detection 

This work  

 

N protein LOD 0.7 ng.mL-1  

Sensitivity: 98%, Specificity: 100% 

15 min -Rapid screening (15 min) & simple procedure 

-Direct visualization 

-First Screening (POC test) 

This work 

 

Previous works LOD 2 ng.mL-1, 50 PFU/Test 

Sensitivity: 85-98.6%, Specificity: 86-100% 

(1), (2) 

LFIA platform with other detection strategies (fluorescent, SERS, etc.) 

Fluorescent  N protein LOD 0.01 ng.mL-1  15-30 

min 

-Automated and user-independent analyzer  (3) 

SERS-based 

 

LOD 500 pfu.mL-1 

 

N/A -High sensitivity, selectivity, reproducibility, and stability of 

the SERS platform  

-Reduces false-negative rate  

(4) 

LFIA platform integrated with nucleic acid amplifications methods (RPA, LAMP, CRISPR-Cas, etc.) 

LFIA with RPA N gene LOD 0.25 copies.mL-1, 10 copies/reaction 

       

10-60 

min 

- 100% accuracy in detecting SARS-CoV-2 

- Accurate detection with no cross reactivity  

(5), (6) 

LFIA with LAMP 

 

LOD 500 copies.mL-1,  

          Sensitivity: 87.1% Specificity: 100% 

30 min -Enables sensitive and reproducible detection of SARS-

CoV-2. 

(7)  

LFIA with CRISPR-

Cas 

LOD 10 copies/test 1 h -Consistent with RT-qPCR for clinical samples. 

-Can be applied in quantitative analysis of the virus 

(8) 

Non-LFIA based platforms 

Molecular Approach 

RT-PCR N gene LOD 250-500 copies.mL-1 1-4 h -Gold standard for COVID-19 testing. (9) 

RT-MCDA 

 

LOD 5-6.8 copies/reaction 

Specificity: 100% 

1 h -High sensitivity & specificity. 

-Can be coupled with a nanoparticle-based biosensor  

(10), (11) 

LAMP LOD 1-10 copies/reaction 1 h - Increased sensitivity and specificity compared to RT-PCR  (12) 



CRISPR-Cas  

 

LOD 10 copies/reaction 30-90 

min 

-Portable nucleic acid-testing platform for early diagnosis  

-High sensitivity, selectivity, and low-cost  

(13) 

Other platforms (i.e., electrochemical, optical-based, SERS-based methods) 

Electrochemical 

immunosensor 

N protein LOD 0.4-0.8 pg.mL-1 >15 min - Low-cost and fast diagnostic tool  

-Initial testing results correlated with RT-PCR results. 

(14), (15) 

 

Optical-based 

methods 

 

- Microcantilever-based optical sensor: LOD 

0.71 ng.mL-1 

- Optical Fiber Based Sensor Method: LOD 100 

copies.mL-1 

5-15 min -Rapid, precise & sensitive detection of SARS-CoV-2 

protein 

- Provide quantitative and qualitative assessments. 

(16), (17) 

 

 

SERS-based 

biosensor 

 

LOD 10-6 g.mL-1 

 

N/A -Long-range SERS biosensor for Simultaneous detection of 

SARS-CoV-2 nucleocapsid proteins. 

-High sensitivity, selectivity, reproducibility, and stability in 

human saliva and serum samples. 

(18) 
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