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EXPERIMENTAL SECTION 

Reagents: Hyaluronic acid (HA, MW: 34,600) were obtained from Shandong 

Dongchen Bioengineering Holding CO, Ltd.; wheat germ agglutinin (WGA), peanut 

agglutinin(PNA), ulex europaeus agglutinin(UEA), dolichos biflorus agglutinin(DBA) 

were purchased from Vector company; HAuCl4 were obtained from Tianjin Guangfu 

Chemical Research Institute. 

Instruments: Rayleigh light scattering (RLS) spectra were obtained using a Hitachi 

F-7000 fluorescence spectrophotometer(Japan); absorption spectra were obtained 

using a Shimadzu UV-2450 ultraviolet spectrophotometer(Japan); the nanoparticles 

size analyzed by using dynamic light scattering instrument (Malver Zetasizer nanozs, 

Britain) and dark-field light scattering images form Olympus BX-51 microscope 

(Japan), and transmission electron microscopy imaging by Shimadzu H-7500 TEM 

(Japan) 

Synthesis of N-acetylglucosamine functionalized gold nanoparticles 

(NAG-AuNPs): 15 mL of 1% (W/V) HA in 0.1 mol/L phosphate buffer (NaH2PO4, 

Na2HPO4, pH 11) was mixed with 500 μL HAuCl4 (4 mol/L), then the mixture was 

stirred for 30 min at 50 ºC until the solution color changed to pink. After cooled down 

to room temperature, the products were subsequently purified via ultra-filtration, and 

stored at 4 ºC. 

Quantification of the NAG molecules on each AuNP: The number of NAG 
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molecules on each AuNP was determined based on the classical Elson and Morgan 

method
 [1, 2] 

with some mild modification 
[3, 4]

.  

The details are described as follows: Firstly, two reagents, Ehrlich’s reagent (0.8 g 

of p-Dimethylaminobenzaldehyde dissolved in 15 mL of 96% ethanol and 15 mL of 

12 M hydrochloric acid) and acetylacetone reagent (3.5 mL of acetylacetone dissolved 

in 50 mL of 0.5 M sodium carbonate solution), were prepared. A series of aqueous 

solution of glucosamine hydrochloride (5mL, with different concentrations) mixed 

with freshly prepared acetylacetone reagent (1mL) and heated for 25min in a boiling 

water-bath. Then the mixture were cooled down to room temperature in ice water, and 

treated with Ehrlich’s reagent and 96% ethanol (4mL) in a water bath with 60 ºC for 1 

hour. Finally, the absorbance at 525 nm of the resultant red solution was measured to 

give a standard curve for the glucosamine hydrochloride (see Figure S2). 

For the sample of NAG-AuNPs, the glucosamine hydrochloride needs to be firstly 

released from the nanoparticles by treatment with hydrochloric acid (2M) at 100 ºC 

for 12h. Once collected from the supernatants, the glucosamine hydrochloride was 

subjected to quantitative analysis by the procedure mentioned above. The calculation 

of the number of NAG molecules is based on the following equation:  

N= n (NAG)/ n (AuNPs) 

In the equation, the “N” stands for the number of NAG on each gold 

nanoparticle, while the “n” means for the mole quantity. 

 

Binding assay of the NAG-AuNPs with lectins: Lectins (WGA, UEA, PNA and 

DBA) with different quantities were first mixed with 200 μL of NAG-AuNPs (4 nM) 

solution, and then the mixture was diluted to 400 μL with 10 mM phosphate buffered 

saline (NaH2PO4, Na2HPO4, 10 mM NaCl, pH 6.5), following incubated at 37 ºC for 

100 min with continuous shaking. The color and spectra changes of the samples were 

observed using a digital camera or a UV-vis spectrophotometer and fluorescence 

spectrophotometer. 

 

 

Electronic Supplementary Material (ESI) for Analytical Methods
This journal is © The Royal Society of Chemistry 2012



Figures  

 

Figure S1 Absorption spectrum (A) and TEM image (B) of NAG-AuNPs 

 

 

Figure S2 Absorption spectra of the glucosamine derivative obtained by Elson 

&Morgan's method. Insert: standard curve of absorbance at 525 nm as the function of 

glucosamine concentration. 

 

 

Figure S3 Investigation of NAG-AuNPs withstanding salt-induced aggregation. 

Citrate-AuNPs were analyzed in parallel as a control. 
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Figure S4 Dark-field light scattering images (×40) of AuNPs in the absence (A) and 

presence of WGA (B, C and D). B: [WGA]=5 nmol/L; C: [WGA]=40 nmol/L; D: 

[WGA]=100 nmol/L 

 

 

Figure S5 Photographs of NAG-AuNPs suspension in the absence (a) and presence of 

100 nM different lectins: (b) UEA, (c) PNA, (d) DBA, (e) WGA; (f) and (g): citrate 

AuNPs only and citrate AuNPs with 100nM of WGA respectively. 
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