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Figure S1. UV-Vis absorption spectra of AuNPs (80 nm), AuNPs (80 nm) with DTNB 

and AuNPs (80 nm) conjugated with cetuximab. 
 
 

 
Figure S2. Hydrodynamic size distribution of AuNPs at the size of 25, 40 and 60 nm 
(A) and AuNPs (60 nm) before and after conjugation with cetuximab (B) measured by 
dynamic light scattering (DLS). 
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Table S1. Hydrodynamic size of AuNPs measured by DLS and zeta potential 
measured by electrophoretic light scattering (ELS) (n=3) 

Sample Size (nm) Zeta potential (mV) 
AuNPs (25 nm) 32.2 ± 0.5 -25.6 ± 0.5 
AuNPs (40 nm) 59.7 ± 1.3 -33.2 ± 0.9 
AuNPs (60 nm) 70.8 ± 1.4 -33.1 ± 0.3 

AuNPs (60nm)-Cetuximab 88.2 ± 3.5 -27.7 ± 1.0 

 
 
Calculation for the number of cetuximab conjugated on AuNPs 
To calculate the number of cetuximab molecules on single AuNP, we first calculated 
the number of AuNPs in suspension. Taking AuNPs at the size of 60 nm as an example, 
we assume that 50 mL of 0.01% (w/v) HAuCl4·3H2O (Au3+) was completely reduced 
to AuNPs (Au0), the number of AuNPs from 1.5 mL as-prepared colloidal AuNPs is 
calculated as follows: 
The number of moles for Au3+: ݊஺௨యశ = ெ௔௦௦ ௢௙ ு஺௨஼௟ర∙ଷுమைெ௢௟௘௖௨௟௔௥ ௪௘௜௚௛௧ (ெௐ) ௢௙ ு஺௨஼௟ర∙ଷுమை = ହ଴ ௠௅×଴.଴ଵ௚ ଵ଴଴௠௅⁄ ଷଽଷ.଼ ௚/௠௢௟ = 1.27 × 10ିହ ݈݉݋  

Total mass of Au0: ݊஺௨బ = ஺௨బ݉ +3ݑܣ݊ = 0ݑܣ݊ × 0ݑܣܹܯ = 1.27 × ݈݋10−5݉ × ݈݋݉/݃ 196.97 = 2.50 × 10−3݃ 

Volume of a single AuNP (60 nm, the radius is 30 nm): ܸ = ଷ3ݎߨ4 = 3ߨ4 (30 ݊݉)ଷ = 1.13 × 10ିଵ଺ ܿ݉ଷ 

Mass of a single AuNP: ݉஺௨ே௉ = ஺௨ߩ × ஺ܸ௨ே௉ = 19.32 ݃/ܿ݉ଷ × 1.13 × 10ିଵ଺ ܿ݉ଷ = 2.18 × 10ିଵହ ݃ 

Total number of AuNPs in 50 mL: 

஺ܰ௨ே௉௦ = ݉஺௨బ݉஺௨ே௉ = 2.50 × 10ିଷ݃2.18 × 10ିଵହ݃ = 1.15 × 10ଵଶ ݏܲܰݑܣ 

Number of AuNPs in 1.5 mL: 

஺ܰ௨ே௉௦ ௜௡ ଵ.ହ ௠௅ = ஺ܰ௨ே௉௦50 ݉ܮ × ܮ݉ 1.5 = 3.45 × 10ଵ଴ ݏܲܰݑܣ 

 
To conjugate cetuximab on AuNPs, the concentration of AuNPs was concentrated from 
1.5 mL to 0.3 mL. The number of AuNPs in 0.3 mL suspension is 3.45×1010 particles. 
 
The concentration of cetuximab in cetuximab-AuNPs solution was determined with 
BCA assay, where 12.43 µg/mL of cetuximab was detected in 0.3 mL of AuNPs. The 
molecular weight of cetuximab is 145.5 kDa. The number of cetuximab on AuNPs is 
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calculated as follows: 
Mass of cetuximab: ݉௖௘௧௨௫௜௠௔௕ = ܮ݉/݃ߤ 12.43 × ܮ݉ 0.3 =  ݃ߤ 3.73

The number of moles for cetuximab: 

݊௖௘௧௨௫௜௠௔௕ = ݉௖௘௧௨௫௜௠௔௕ܯ ௖ܹ௘௧௨௫௜௠௔௕ = 3.37 × 10ି଺ ݃145.5 × 10ଷ ݃/݈݉݋ = 2.32 × 10ିଵଵ ݈݉݁݋ 

Number of cetuximab: ௖ܰ௘௧௨௫௜௠௔௕ = ݊௖௘௧௨௫௜௠௔௕ × = ݐ݊ܽݐݏ݊݋ܿ ݋ݎ݀ܽ݃݋ݒܣ 2.32 × 10ିଵଵ݈݉݋ × 6.022 × 10ଶଷ/݈݉݁݋ = 1.40 × 10ଵଷ ܾܿ݁ܽ݉݅ݔݑݐ 
The number of cetuximab on each AuNP: ݊௖௘௧௨௫௜௠௔௕ = ௖ܰ௘௧௨௫௜௠௔௕஺ܰ௨ே௉௦ = 1.40 × 10ଵଷ ܿ݁3.45ܾܽ݉݅ݔݑݐ × 10ଵ଴ ݏܲܰݑܣ ൎ  ܲܰݑܣ/ܾܽ݉݅ݔݑݐ݁ܿ 405

 
 

 
Figure S3. (A) UV-Vis spectra of cetuximab-AuNPs over 72 h; (B) Size distribution 
of cetuximab-AuNPs measured by DLS over 72 h. 
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Figure S4. Apoptosis analysis of HT-29 cells treated with PBS (A), AuNPs at the size 
of 60 nm (B), cetuximab (C) and cetuximab-AuNPs (60 nm) (D) for 48 h. Quadrant 
gating: Q1: Annexin-/PI+ for necrotic cells; Q2: Annexin+/PI+ for late apoptotic cells; 
Q3: Annexin+/PI- for early apoptotic cells; Q1: Annexin-/PI- for viable cells. 
 
 

Table S2. The apoptosis rate for HT-29 cells treated with PBS, AuNPs (60 nm), 
cetuximab and cetuximab-AuNPs (60 nm) for 48 h. 

Sample Early Apoptosis (%) Late Apoptosis (%) Apoptosis Rate (%) 
Control 2.46 0.55 3.01 
AuNPs 3.21 9.01 12.22 

Cetuximab 6.29 9.39 15.68 
Cetuximab-AuNPs 8.36 9.5 27.86 
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Figure S5. Phenotyping of the cell surface biomarkers (EpCAM, MCAM and HER3 
by flow cytometry before treatment (A), and after treatment with cetuximab (B) and 
cetuximab-AuNPs (60 nm) (C). 


