
1 

 

Supporting Information 

 

Signal Self-Enhancement by Coordinated Assembly of Gold 

Nanoparticles Enables Accurate One-Step-Immunoassays 

 

 

Jung-Hyuk Kwona, Hee-Tae Kima, Jong-Hwan Leeb, Reehyang Kimc, Minsung Heoc, 

Jonghwa Shinc, Hae-Young Leed, Young Joo Chae, and Jeewon Leea,* 

 

 

*Corresponding author:  

(Phone) +82-2-3290-3304; (Fax) +82-2-926-6102; (E-mail) leejw@korea.ac.kr 

 

 

aDepartment of Chemical and Biological Engineering, College of Engineering, Korea University, Anam-Ro 145, 

Seoul 136-713, Republic of Korea. bDepartment of Bioengineering, University of California, Berkeley, CA 94720, 

United States. cDepartment of Materials Science and Engineering, KAIST, 291 Daehak-ro, Daejeon 34141, 

Republic of Korea. dCollege of Medicine, Seoul National University, Daehak-Ro 103, Seoul 110-744, Republic 

of Korea. eCollege of Medicine, Chung-Ang University, Heuksuk-Ro 84, Seoul 156-756, Republic of Korea 

 

 

 

 

 

 

 

 

 

 

 

Electronic Supplementary Material (ESI) for Nanoscale.
This journal is © The Royal Society of Chemistry 2017



2 

 

Figure S1 
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(c) 

 

 

Figure S1. TEM images of 3D bioprobes (a) H6-SPAB-capsid, (b) capsid-HCV1, and (c) hFTH-

HCV2, stored for 10 days at room temperature and 4 oC. 
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Figure S2 
 

 

 

 

 

  

Figure S2. Sequences of antigenic epitopes (c33c, c22p, c100p, and 511p) of HCV that are 

used to detect anti-HCV antibody markers in patient sera in this study. 
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Figure S3 
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(b) 

 

 
 

(c) 
 

 
  

 

Figure S3. Results of (a) TEM, (b) DLS, and (c) EDX spectroscopy analyses of the assay 

solution of AMI patient serum. 
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Figure S4 

 

(a) 

 

(b) 
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(c) 

 

 

 

Figure S4. Calculated absorption cross section of a single gold nanoparticle. (a) Absorption 

cross section spectra for different nanoparticle diameter. The peak absorption wavelength is 

nearly constant. (b) The maximum absorption cross section at the peak wavelength as a 

function of particle diameter. Cubic dependence (fitting curve) is apparent. (c) The absorption 

cross section spectra for various refractive indices of the host material. As the index of the host 

material is increased the peak increases and redshifts slightly. 
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Figure S5 
 
 

 

 

Figure S5. Absorption cross section normalized by the total volume of gold for various 

configurations. The absorption spectrum shows weak dependency of configuration. 
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Figure S6 
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Figure S6. Time-course changes in photographic image and absorbance (at 576 nm) for 35 min 

in (a) each PBS buffer solution where a different amount of HAuCl4 (free Au+3, 59 to 294 

nmoles) and 3D bioprobe were present with LAA and in (b) each human (patient and healthy) 

serum solution where a different amount of HAuCl4 (free Au+3, 59 to 294 nmoles) was present 

with LAA without 3D bioprobes. This demonstrates that when the amount of free Au+3 of 

Figure 4-1 (294 nmoles) was reduced to its 40% (118 nmoles), the blue-colored AuNP clusters 

never formed in the solutions of both patient and healthy sera, indicating that a significant 

fraction of the free Au+3 should be adsorbed to 3D IgG-probes as in the pre-assay solution of 

the new one-step-immunoassay to avoid the false positive signals in healthy control assays that 

is caused by the rapid reduction of a large amount of free Au+3. [P and H represent patient and 

healthy control serum, respectively, and red and blue curves represent the absorbance signals 

of the assay solutions of patient and healthy serum, respectively.] 
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Figure S7 
 

 

 

 

 

  

Figure S7. Schematic illustration of genetic modification of HBV core protein and human 

ferritin heavy chain and synthesis of surface-engineered HBV capsid (H6-SPAB-capsid and 

capsid-HCV1) and human ferritin nanoparticle (hFTH-HCV2). (HCV1 and HCV2 represent 

HCV antigenic peptides, c33c and 511p-c100p-c22p, respectively.)  
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Figure S8 
 

 

 

Figure S8. TEM images of H6-SPAB-capsid, capsid-HCV1 and hFTH-HCV2 used for one-

step-immunoassay of hepatitis C. 
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Figure S9 
 

 

 

 

 

  

Figure S9. Time-course TEM images (left) and results of DLS analysis (right) of the assay 

solutions of hepatitis C patient serum.  
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Tables 
 

 

Table S1 

Information about 20 AMI patient sera (P1 to P20, Figure 2a) from College of Medicine at 

Seoul National University, Seoul, Republic of Korea 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

STEMI, NSTEMI, recent MI, and h/o AMI represent serum sample collected within 1.5 h, 

24~72 h, 7~30 day, and more than 30 day, respectively, after AMI is diagnosed. 
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Table S2 

Information about 6 AMI patient sera (P21 to P26, Figure 2e) from College of Medicine at 

Seoul National University, Seoul, Republic of Korea. 

 

 

 

 

  

 

 

STEMI and NSTEMI represent serum sample collected within 1.5 h and 24~72 h, respectively, 

after AMI is diagnosed. 

 


