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Fig. S1. (a) FE-SEM image of AuNPs well-dispersed with a narrow size distribution of 40 nm, 

which is well-matched with particle size analysis data (Scale bars represent 50 nm and 20 nm 

in an inset, respectively). (b) Zeta potential of AuNPs of –49.10 mV. (c) The size distribution 

of AuNPs by DLS analysis. The average diameter shows approximately 40 nm. 
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Fig. S2. Optimization of BVDV peptide concentration to conjugate on the AuNPs surface. (a) 

Absorption spectra of AuNPs and different concentrations of BVDV peptide. (b) Zeta potential 

of different concentrations of BVDV peptide conjugated onto the bare surface of AuNPs. 

Peptide only represents free peptide of 0.24 mg/mL without AuNPs. 
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Fig. S3. FE-SEM images of (a) bare nitrocellulose (NC) membrane, (b) BVDV-peptide-AuNPs 

modified on the NC membrane, and (c) Cu and polyethyleneimine (PEI)-covered growth by 

highly specific CuP growth around the AuNPs on the NC membrane surface. The scale bars 

represent 200 nm, 50 nm, and 200 nm, respectively. 
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Fig. S4. Comparison of the signal intensities at different wavelengths (527 nm and 550 nm) 

before CuP treatment (left) and after CuP treatment (right). 
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Fig. S5. (a) FT-IR spectra of AuNPs, AuNPs@BVDV peptide #2, and AuNPs@BVDV peptide 

#2 with CuP growth. (b) Absorption spectra of AuNPs, AuNPs@BVDV peptide #2, and 

AuNPs@BVDV peptide #2 with CuP growth. 
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Fig. S6. X-ray diffraction patterns of AuNPs@BVDV peptide #2 and AuNPs@BVDV peptide 

#2@ with CuP growth. 
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Fig. S7. (a) Smartphone camera images of dot-blot assay for the optimization of conjugation 

time of AuNPs@BVDV peptide #2 with BVDV (104 copies/mL). (b) The graph is generated 

between dot-blot assay intensity versus binding time (n= 3). 
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Fig. S8. (a) Smartphone camera images of dot-blot assay for the optimization of CuP growth 

time (1 to 20 min) using AuNPs@BVDV peptide #2 with BVDV (104 copies/mL). (b) The graph 

is generated between dot-blot assay intensity and CuP growth time (1 to 20 min) using 

AuNPs@BVDV peptide #2 (n= 3). 
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Fig. S9. UV-vis reflectance spectra of dot-blot assay with various concentrations of BVDV (0 

to 105 copies/mL, 0 is a negative control) by using novel synthetic five candidates of BVDV 

affinity peptides (#2, #3, #10, #16, and #NS) conjugated to AuNPs@CuP in the presence of 

Cu2+ ion-PEI-covered growth. (a) BVDV peptide #2, (b) BVDV peptide #16, (c) BVDV peptide 

#3, (d) BVDV peptide #NS, (e) BVDV peptide #10 (n=3). 
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Table S1. The details (corresponding regression correlation coefficients) of novel synthetic 
affinity peptides used in this study 

 
  

Name (R2) values Regression curve 

BVDV #2 0.9773 Y = 0.4049X + 1.527 

BVDV #3 0.7751 Y = 0.3433X + 1.576 

BVDV #10 0.9219 Y = 0.8801X + 1.574 

BVDV #16 0.8268 Y = 0.1895X +1.089 

BVDV #NS 0.4918 Y = 0.2552X + 1.090 
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Table S2. The summary of BVDV detection methods in previous studies 

Detection 
method LOD Reaction 

time 
Linear 
range 

Publication 
Year Reference 

Microfluidic 
immunosensor 

1.0×101 
TCID50/mL 5 min 101-106 

TCID50/mL 2009 1 

Direct-charge 
transfer 

biosensor 

61 
CFU/mL 8 min 61-102 

CFU/mL 2010 2 

SPR sensor 800 
copies/mL 240 min 

5.0×102-
1.6×104 

copies/mL 
2014 3 

iiRT-PCR 23 
copies/mL 65 min 23-102 

copies/mL 2016 4 

ELISA and 
ICA with RT-

PCR 

1.67×104 
TCID50/mL 960 min - 2016 5 

Light 
scattering 
methods 

104 
MTT50/mL 120 min 104-107 

MTT50/mL 2019 6 

Dot-blot 4.397 
copies/mL 100 min 4.3 - 105 

copies/mL  This study 
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