
Supporting Information 

Figure S1. Experimental design for the GSH-coated AuNP studies. 

 

Figure S2. Physicochemical characterization of the U2 nanoparticles. TEM images of  

Au-GSH NPs with (a) GSH-Trp2-U2; (b) GSH-Met2-U2; and (c) GSH-His2-U2.  

Scale bar = 20 nm; (d) Hydrodynamic diameters of AuNPs with (A) GSH, (B) GSH-Trp2-

U2, (C) GSH-Met2-U2, and (D) GSH-His2-U2; (e) UV-Vis spectra of AuNPs with  

(A) GSH, (B) GSH-Trp2-U2, (C) GSH-Met2-U2, and (D) GSH-His2-U2. 

 



Figure S3. Physicochemical characterization of the U3 nanoparticles. TEM images of  

Au-GSH NPs with (a) GSH-Trp2-U3; (b) GSH-Met2-U3; and (c) GSH-His2-U3.  

Scale bar = 20 nm; (d) Hydrodynamic diameters of AuNPs with (A) GSH,  

(B) GSH-Trp2-U3, (C) GSH-Met2-U3, and (D) GSH-His2-U3; (e) UV-Vis spectra of 

AuNPs with (A) GSH, (B) GSH-Trp2-U3, (C) GSH-Met2-U3, and (D) GSH-His2-U3. 

 

Figure S4. Au-GSH-(Trp)2 nanoparticles (O.D = 0.199, λmax = 520 nm) in the presence of 

11.8 mM of KCN at (a) 0 h; (b) 1 h; and (c) 48 h in basic water at pH 8.0. 

 
   



Supplemental Information on Ligand Coupling Efficiency 

To determine the coupling efficiency of the amino acids to GSH it was necessary to determine the 

amount of GSH ligands on the nanoparticle surface.  The synthesis of the nanoparticle in the presence 

of excess thiol was done in 1:2 ratio of Au:GSH.  To calculate the amount of ligand coverage on the 

nanoparticle surface of a certain diameter (D) the optical density of the stock solutions was converted 

to a concentration using Beer’s Law and Equation (1), where k and a are 3.32 and 10.8, respectively, 

based on a study of similar nanoparticles by Liu et al. 2007 [1]. 

ln  = k ln D + a (1)

The number of entities (N) per mL was determined from Equation (2) using Avogadro’s number, 

NA, and the concentration of the nanoparticles, C:  

N = NAC (2)

For example, with the Au-GSH-(Trp)2 nanoparticles approximately 798 gold atoms are estimated to 

be on the surface.  Therefore, assuming at 1:1 binding ratio of Au:GSH an equivalent number of GSH 

molecules are required to cover a nanoparticle with an average diameter of 6.4 nm.  In addition, for 

each GSH molecule there are two terminal carboxylic acid groups, therefore, 1596 carboxylic acid 

groups are available for coupling with Trp amino acids on the surface of the nanoparticles. 

Theoretically, based on the optical density of a solution containing 1 mL Au-GSH-(Trp)2 nanoparticles 

(O.D. = 0.199) with an average diameter of 6.4 nm there are approximately 13.6 nmoles of Trp 

molecules conjugated to each carboxylic acids on the GSH tripeptide. 

To confirm the amount of Trp actually coupled to the GSH ligand on the gold nanoparticle surface, 

a 1 mL Au-GSH-(Trp)2 nanoparticles (O.D. = 0.199) was etched with cyanide (11.8 mM) to 

decompose the gold core. Cyanide, a well-known etchant that oxidizes Au0 to AuI was used etch the 

nanoparticles so that the Trp absorption could be seen which was previously hidden by the SPR band. 

Within 1 h of cyanide addition a 40% drop in the optical density of the SPR band was observed. The 

slow rate of cyanide etch suggests that gold nanoparticle surface is covalently passivated by the 

thiolated peptide ligands.  The UV-Vis spectra taken after 48 h of a colorless solution showed an 

absorption at 278 nm characteristic for Trp.  Using the optical density (0.075) and the molar absorption 

coefficient (5579 M−1·cm−1) the concentration of Trp was determined to be 13.4 µM, which is 

equivalent to 14.0 nmoles of Trp after cyanide decomposition.  The number of moles of Trp 

theoretically calculated using the diameter of the nanoparticle core and optical density of  

Au-GSH-(Trp)2 is almost equivalent to the number of moles experimentally determined after cyanide 

decomposition.  Therefore, Trp coupling to GSH occurs with 100% efficiency in a 1:2 GSH:Trp ratio. 
   



Figure S5. Scheme of synthesis of GSH-coated gold nanoparticles with surface-bound 

nonpolar amino acids. 

 
Figure S6. Determination of purity of AuNPs-GSH-(Trp)2-U2 and AuNPs-GSH-(His)2-U2 

NPs by ultracentrifugation. 

 



Figure S7. Incidence of sublethal effects of AuNPs-GSH-(His)2 nanoparticles. 

Malformations observed in embryos exposed to 20 µg/mL of AuNPs-GSH-(His)2 NPs. 

Data are presented as mean ± SEM (n = 24, two replicates). (*) indicates significant 

difference exists in percent incidence among the same batch of NPs (p < 0.01);  

(**) indicates significant difference exists in percent incidence across the batches of NPs  

(p < 0.01). 

 

Figure S8. Nominal and measured concentrations of (A) AuNPs-GSH-(His)2-U1 and  

(B) AuNPs-GSH-(Trp)2-U1 nanoparticles. Data are presented as mean ± STDV of three 

independent samples (n = 3). 
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