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Scheme S1. Synthesis of the PEG linker whose one side is thioctic acid and the other side is 

terminated in N-hydroxysucinimide (NHS)-activated carboxylic acid. (DMAP is the catalyst) 

 



 

Figure S1. MALDI-TOF-MS data for the intermediate product and the final product indicated in 

Scheme S1.  

 

 

 

 

 

 

Figure S2. The preparation protocol of antibody (Ab)-functionalized AuNPs starting from 

citrate-stabilized AuNPs.  

 

 

 

 

 

 

 



 

Figure S3. UV-vis absorption spectra of citrate-AuNPs, PEG-AuNPs, and Ab-AuNPs. The 

graduate red-shift of the absorption bands indicates the success of the step-by-step 

functionalization shown in Figure S2.  

 

 

 

 

 

 

 

 

Figure S4. DLS measurements for citrate-AuNPs, PEG-AuNPs, and Ab-AuNPs. 

 

 

 

 

 

 

Figure S5. Gel electrophoresis measurement for PEG-AuNPs and Ab-AuNPs. 

 



 

Figure S6. Histogram of –ΔA525 versus different incubation times of Ab-AuNPs and 100 ng/ml of 

IgG. –ΔA525 = A–A0, where A is the absorbance of Ab-AuNP incubate with IgG for different time 

at 525 nm after adding Au growth solutions, and A0 is that adding Au growth solution to Ab-AuNP 

and IgG mixture before incubation. The error bars represent the standard deviations of three 

independent measurements. 

 

 

 

Figure S7. DLS measurements for the AuNPs samples. a) Ab-AuNPs; b) Ab-AuNPs incubated 

with target protein (human IgG, 100 ng/mL); c) Ab-AuNPs added with Au growth solutions 

(NH2OH (20 mM) and HAuCl4 (120 μM)); d) The target protein-treated Ab-AuNPs added with the 

Au growth solutions. The concentration of Ab-AuNPs is 0.5 nM.  

 

 



 

Figure S8. TEM images of the Ab-AuNP intermediates prepared by stopping the nanoparticle 

growth with mercaptopropionic acid (2 mM) after 0, 10, 20, and 30 s of the reaction.  

 

 

 

 

 

Figure S9. TEM images of the Ab-AuNP intermediates in the presence of detection target and the 

AuNP solutions were prepared by stopping the nanoparticle growth with mercaptopropionic acid 

(2 mM) after 0, 10, 20, and 30 s of the reaction.  

 

 

 

 

 

 



 

Figure S10. Near-field distributions of the normalized electric field (|E|/|Einc|) of AuNPs 

corresponding to various radii of the AuNPs after 0, 10, 20, and 30 s in Figure S6. The excitation 

wavelength of the laser is 633 nm. The scale bars are 15 nm. 

 

 

 

Figure S11. Near-field distributions of the normalized electric field (|E|/|Einc|) of AuNPs 

corresponding to the radii of the AuNPs after 0, 10, 20, and 30 s in Figure S7. The excitation 

wavelength of the laser is 633 nm. Stronger field enhancement is achieved since the width of the 

gap becomes smaller. The scale bars are 15 nm. 

 

 

 



  

Figure S12. Specificity of the AuNP-based colorimetric immunoassay for IgG. The concentrations 

of each protein are prepared to be 100 ng/mL. The error bars represent the standard deviations of 

three independent measurements. 

 

 

 

Figure S13. Plots of –ΔA525 versus various concentrations of cancer biomarker CEA as well as 

corresponding color change in the AuNPs samples. Error bars show the standard deviations of 

three independent measurements. 

 

 

Figure S14. Specificity of the AuNP-based colorimetric immunoassay for CEA. The 

concentrations of each protein are prepared to be 100 ng/mL. The error bars represent the standard 

deviations of three independent measurements. 

 

 



 

 

Figure S15. HRP-based ELISA for the detection of various concentrations of CEA spiked in fetal 

bovine sera. The OD values at 450 nm were recorded by a conventional microplate reader. Error 

bars show the standard deviations of three independent measurements. 

 

 

 

Table S1. Comparison of normalized electric-field magnitude and intensity for different sized 

mono-dispersed AuNPs. 

 

 

 

 

 

Table S2. Comparison of normalized electric-field magnitude and intensity in the nano-gap for 

AuNPs oligomers composed of different sized AuNPs. 

 

 

 

 

 

 



Table S3. Comparison of AuNP-based immunoassays for various detection targets. 

 

 

 

 

 

 

Table S4. The –ΔA525 values using the proposed AuNP-based colorimetric immunoassay for the 

clinical samples collected from 6 healthy individuals and 18 patients suffering from cancer. 

 

 



Table S5. Clinical information of the 6 healthy individuals. 

 

 

 

 

Table S6. Clinical information of the 18 patients suffering from various types of cancer and their 

diagnostic results by the clinical standard strategies and conventional ELISA. 
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