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Table S1: Dynamic light scattering (DLS) data of the nanoparticles upon suspension in 10% 
PBS. 
 

 
hydrodynamic size (nm)* zeta potential (mV) 

BG 1302 ± 90 (PDI 0.3) -32 ± 2 
Ceria 1089 ± 89 (PDI 0.3) -35 ± 1 
BG/ceria    985 ± 180 (PDI 0.4) -30 ± 2 
Zn2-SrBG/ceria    921 ± 242 (PDI 0.6) -26 ± 1 
BG-Ag0.1% 1574 ± 132 (PDI 0.4) -25 ± 1 

S. aureus  2026 ± 3981 -32 ± 51 
*limited feasibility of DLS for fractal agglomerates leads to overestimation of size. Formation of agglomerates 
is especially pronounced in salt-containing media 

 
 
 
Table S2: Normalized atomic concentration [atomic %] measured by XPS and Ce(III)/Ce(IV) 
ratio. 
 

Sample Ce(IV) Ce(III) Ce(III)/Ce(IV) ratio 

Ceria 81.8 18.2 0.22 

BG/ceria 77.3 22.7 0.29 

Zn2-SrBG/ceria 80.5 19.5 0.23 

 
 
Table S3: Binding energies (BE) and full width at half maximum (FWHM) of the measured 
transitions with assignments. Aliphatic C at 285 eV was used for calibration. 
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Figure S1: Bright-field and dark-field scanning electron micrographs of the as-prepared 
nanoparticles.  
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Figure S2: a) X-ray powder diffraction patterns. BG and Ag-BGs are highly amorphous 

without recognizable crystalline peaks. All ceria containing particles have characteristic ceria 

diffraction patterns (Miller indices shown in parentheses).2 b) Raman spectra. Characteristic 

ceria peaks around 465 cm-1 (first-order Raman F2g mode, Ce-O stretching vibrations3, black 

triangles). Characteristic bioglass peaks4 around 950 cm−1 and 1050 cm−1 (white rectangles). c) 

Raman spectra of ceria-containing nanoparticles only. Characteristic ceria peak at 465 cm-1 and 

different numbers of oxygen defects on the particle surface (at 260 cm-1 and 600 cm-1), which 

correlate to the amount of Ce3+ on the surface and the particle size.5 d) Raman intensity ratio of 

the peak at 600 cm-1 and 460 cm-1 as a qualitative measure of Ce3+ content.6,7 
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Figure S3: a) H2O2 scavenging at 50 mM initial H2O2 concentration for 5 hours. b) Catalase 

(CAT) mimicry c) Superoxide dismutase (SOD) mimicry. Three independent experiments with 

four replicates per sample, mean and standard deviation shown. 
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Figure S4: (a) Planktonic MRSA inhibition by nanoparticles (0.5 mg/ml) or gentamicin (100 

µg/ml) based on ATP generation after 2.5 h. Ceria, Zn2-SrBG/ceria, Ag0.5-BG, and Ag2-BG 

show high bacterial growth inhibition (b) Corresponding planktonic MRSA growth assessed by 

CFU counting. Control PBS was set as 0 % inhibition and 100 % growth. (c) Growth curves 

(based on OD600) of MRSA treated with various concentrations of nanoparticles or gentamicin 

(100 µg/ml). Bacteria are in their highest growth phase at around t=2.5 h. (d) Turbidity values 

(based on OD600) for the different samples at t=2.5 h and 0.5 mg/ml particle concentration. (e) 

Macrophage viability assessed by ATP generation following 24 hrs incubation with 

nanoparticles. (f) Corresponding macrophage toxicity assessed by LDH release which indicates 

membrane. The red exclamation mark indicates the interference of silver with the LDH assay. 

Bioglass and silver seem to have an adverse effect on macrophage survival at concentrations 

>0.5 mg/ml. N=3. 
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Figure S5: Macrophages were incubated with particles and (a) ATP and (b) LDH were 

measured after 1h and 2h. 0.5mg/ml of Ag0.1-BG, Ag0.5-BG, Ag2-BG or equal volumes of 

PBS were incubated with RPMI 1640 to test for interference. Macrophage viability assays based 

on ATP show low cytocompatibility of AgX-BG nanoparticles, which worsens with Ag 

concentration and contact times. AgX-BG nanoparticles interfere strongly with the cytotoxicity 

assay based on LDH release as indicated by red exclamation marks. (c) Stacked bar graph on 

the fraction of intracellular versus extracellular bacteria. Intracellular samples were obtained 

after macrophage lysis, whereas extracellular MRSA was obtained prior to macrophage lysis. 

Most bacteria (> 90%) reside intracellularly. Because of cytotoxicity, fewer cells reside in wells 

treated with Triton X and silver-containing particles. This reduced cell number leads to a higher 

relative extracellular bacteria count. (d) Stacked bar graph showing absolute CFU/ml values. 

N=8 for every condition. 

 
 



     
 

Page S8 of S11 
 

 
Figure S6: Zn2-SrBG/ceria nanoparticles were incubated in simulated body fluid for 4 hours. 

The release of metal ions into the supernatant was measured by ICP-MS. (a) Percentage of the 

initial element dose, e.g. 20% of the Si contained in Zn2-SrBG/ceria was released after 4 hours. 

(b) The concentration of released elements for the dose (0.5 mg/ml) used for the bacteria 

experiments. Si and Sr ions are not known to be antibacterial. The measured concentrations of 

Ce and Zn are orders of magnitude below their reported minimal inhibitory concentrations 

(MIC, 400 μg/ml8-1400 μg/ml9 for Ce3+ and 130 μg/ml10 -1000 μg/ml11 for Zn2+). 
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Figure S7: (a, b) Dark-field HR-STEM images of MRSA treated with Zn2-SrBG/ceria. The 

lysis of membranes visible as diffuse shells around the bacteria and smaller sizes of the latter. 

Full lysis upon contact or co-localization with a large number of nanoparticles. The appearance 

of the lysed intracellular bacteria is comparable to planktonic observations by Ansari et al.12 

(Fig. 5). (c) Ce mapping by EDX (compare a) shows that particle distribution is mostly limited 

to the particle clusters, but that some found their way through the lysed bacteria. (d) 

Corresponding EDX spectrum. 
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Figure S8: Histology sections of rat skin following topical application of BG/ceria nanoparticle 

suspensions (0.1 mg/cm2, see Lese et al.13 for full experimental description). At day 7, 

accumulation of nanoparticles into cells (H&E, left) that stain positive for CD68 can be 

observed (right). Density-dependent color scanning electron micrograph of a histological 

section of the skin flap suggesting accumulation of BG/ceria nanoparticles (in orange) in 

macrophages and little accumulation in connective tissue (SEM image from Matter et al.14) 
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