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Figure S1. Synthesis and characterization of HA-Cym Conjugates. (a) Formation of HA-Cym 

conjugates by covalent modification of Cym onto the carboxyl groups of HA via amide bonds. 

(b) 1H NMR spectra of HA and HA-Cym conjugates. Resonance peak at 2.76 ppm marked * 

was assigned to the methylene protons on –CH2SH of Cym.



20 nm

a                         b       

15 16 17 18 19 20 21
0

10

20

30

N
um

be
r 

(%
)

Diameter (nm)
Figure S2. (a) TEM image of Au@HA NPs. (b) Diameter distribution of Au@HA NPs 

based on the TEM image in (a).
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Figure S3. (a) TEM image of Ag@HA NPs. (b) Diameter distribution of Ag@HA NPs 

based on the TEM image in (a).



0 4 8 12
0

4

8

12

16

 C
on

ce
nt

ra
tio

n 
of

 A
g 

io
ns

 (p
pb

)

Time (day)
300 400 500 600 700

0.0

0.2

0.4

0.6

0.8

Wavelength (nm)

A
bs

or
ba

nc
e

0 month
6 month
12 month

a b       

Figure S4. Stability of Au-Ag@HA NPs. (a) Concentration of free Ag+ in PBS (pH=7.4) of 

Au-Ag@HA NPs in 12 days determined by ICP-MS, n=3. (b) The UV−vis absorption spectrum 

for Au-Ag@HA NPs stored at room temperature for 1 year, and a photograph of Au-Ag@HA 

NPs aqueous solution is shown as inset. 
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Figure S5. Relative viability of HUVEC cells incubated with Au-Ag@HA NPs at different 

concentrations for 24 h (n=3).



Figure S6. Blood routine analysis for the mice treated with Au-Ag@HA NPs at different time 

points. Mean values and error bars are defined as mean and standard deviation, n = 5.      
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Figure S7. The content of Au element in the tumors from the mice bearing 4T1 tumors after 

intravenous injection of Au-Ag@HA NPs or Au-Ag NPs for different periods of time. Values 

represent means ± standard error, n=3. 
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Figure S8. Body weight fluctuation of the mice bearing 4T1 tumors after different treatments: 

saline alone, saline plus X-ray, Au@HA NPs (10 mg kg-1) alone, Au@HA NPs (10 mg kg-1) 

plus X-ray, Au-Ag@HA NPs (10 mg kg-1) alone and Au-Ag@HA NPs (10 mg kg-1) plus X-

ray.
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Figure S9. (a) Photographs of Au-Ag@HA NPs with or without 5 mM H2O2 at either acidic or 

neutral solution after 30 min incubation. (b) Photographs of Ag@HA NPs with or without 5 

mM H2O2 under neutral condition after 30 min incubation.
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Figure S10. (a) The release of Ag+ from Au-Ag@HA NPs in the presence of H2O2 (5 mM) at 

pH 5.5 for 30 min. (b) The release of Ag+ by •OH generated from Fenton reaction (FeCl2 (25 

μM) and H2O2 (25 μM)) for 10 min.  


