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Supplementary Figure 1. TEM recorded for AuChi. The average size of Au NPs coated with 
chitosan was determined with 100 measures of NPs.



Supplementary Figure 2. TEM recorded for AuCeO2. The average size of Au NPs coated with 
chitosan was determined with 100 measures of NPs.



Supplementary Figure 3. DLS recorded for AuChi. The analysis performed to determine the 
hydrodynamic size was done using a 20 µg/mL solution of AuChi in PBS.

Supplementary Figure 4. DLS recorded for AuCeO2. The analysis performed to determine the 
hydrodynamic size was done using a 20 µg/mL solution of AuCeO2 in PBS.



Supplementary Figure 5. Dynamic light scattering spectra to determine the hydrodynamic size 
and the stability of AuChi nanoparticles at 24h, 48h and 72 hours diluted in PBS, final 
concentration 20 µg/ml. 

Supplementary Figure 6. Dynamic light scattering spectra to determine the hydrodynamic size 
and the stability of AuCeO2 nanoparticles at 24h, 48h and 72 hours diluted in PBS, final 
concentration 20 µg/ml. A) AuChi, B) AuCeO2.



Supplementary Figure 7. Z-axis scanning images of AuChi, AuCeO2 and without NPs (control) 
in HeLa cells by laser confocal microscope obtained merging the blue (Hoechst) to label the 
nucleous, and green (CellMask) to label the cellular membrane. Fluorescence were obtained 
exciting at 405 nm (exciting Hoechst, blue), and 488 nm (exciting CellMask, green) and the 
emission was collected from 415 to 550 nm in separate channels. The red spots indicating the 
location of NPs after irradiating at 633 nm (yellow arrows). Scale bars are 20 µm in all cases.



 
Pathway Expected Total Hits Raw p -log(p) Holm adjust FDR Impact
Nitrogen metabolism 39 0,048608 2 0,00075984 7,1824 0,060787 0,030767 0
Primary bile acid biosynthesis 47 0,058579 2 0,001106 6,807 0,087374 0,030767 0,01644
Glycine  serine and threonine metabolism 48 0,059826 2 0,0011538 6,7647 0,089993 0,030767 0,18845
Cyanoamino acid metabolism 16 0,019942 1 0,019818 3,9212 1 0,39504 0
Taurine and hypotaurine metabolism 20 0,024927 1 0,024731 3,6997 1 0,39504 0,33094
Thiamine metabolism 24 0,029913 1 0,029628 3,519 1 0,39504 0
Methane metabolism 34 0,042376 1 0,041798 3,1749 1 0,46637 0
Glutathione metabolism 38 0,047362 1 0,046637 3,0654 1 0,46637 0
Lysine degradation 47 0,058579 1 0,057466 2,8566 1 0,51081 0
Aminoacyl-tRNA biosynthesis 75 0,093477 1 0,090631 2,401 1 0,67615 0
Arginine and proline metabolism 77 0,09597 1 0,09297 2,3755 1 0,67615 0,03163
Purine metabolism 92 0,11467 1 0,11038 2,2038 1 0,73589 0
Porphyrin and chlorophyll metabolism 104 0,12962 1 0,12415 2,0863 1 0,76401 0

Supplementary Figure 8. Metabolic routes altered by AuChi and AuCeO2 particles, at similar 
time points. 
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Pathway Expected Total Hits Raw p -log(p) Holm adjust FDR Impact
Nitrogen metabolism 39 0,11342 5 1,76E-08 17,855 1,41E-06 1,41E-06 0,00067
Aminoacyl-tRNA biosynthesis 75 0,21811 5 5,15E-07 14,48 4,07E-05 2,06E-05 0,11268
Alanine  aspartate and glutamate metabolism 24 0,069796 3 2,97E-05 10,424 0,0023186 0,00079267 0,4416
Histidine metabolism 44 0,12796 3 0,00018967 8,5702 0,014605 0,0037935 0,14039
Cysteine and methionine metabolism 56 0,16286 3 0,00039102 7,8468 0,029717 0,0062563 0,05455
Arginine and proline metabolism 77 0,22393 3 0,0010047 6,903 0,075355 0,013396 0,03582
Pantothenate and CoA biosynthesis 27 0,078521 2 0,0024587 6,0081 0,18194 0,026441 0
beta-Alanine metabolism 28 0,081429 2 0,0026441 5,9354 0,19302 0,026441 0
Pyruvate metabolism 32 0,093062 2 0,0034503 5,6693 0,24842 0,030669 0,18254
Butanoate metabolism 40 0,11633 2 0,0053657 5,2277 0,38096 0,042925 0,08516
Nicotinate and nicotinamide metabolism 44 0,12796 2 0,0064714 5,0404 0,453 0,045086 0
Phenylalanine metabolism 45 0,13087 2 0,006763 4,9963 0,46664 0,045086 0,11906
Glycine  serine and threonine metabolism 48 0,13959 2 0,0076735 4,87 0,5218 0,047222 0
Glyoxylate and dicarboxylate metabolism 50 0,14541 2 0,0083101 4,7903 0,55678 0,047486 0,14359
D-Glutamine and D-glutamate metabolism 11 0,03199 1 0,031594 3,4548 1 0,1685 0,1123
Cyanoamino acid metabolism 16 0,046531 1 0,045669 3,0863 1 0,22835 0
Taurine and hypotaurine metabolism 20 0,058164 1 0,056803 2,8682 1 0,25246 0,02158
Citrate cycle (TCA cycle) 20 0,058164 1 0,056803 2,8682 1 0,25246 0,09024
Phenylalanine  tyrosine and tryptophan biosynthesis27 0,078521 1 0,076019 2,5768 1 0,292 0,00062
Valine  leucine and isoleucine biosynthesis 27 0,078521 1 0,076019 2,5768 1 0,292 0,02173
Glycolysis or Gluconeogenesis 31 0,090154 1 0,086848 2,4436 1 0,292 0,0953
Pentose phosphate pathway 32 0,093062 1 0,089539 2,4131 1 0,292 0
Lysine biosynthesis 32 0,093062 1 0,089539 2,4131 1 0,292 0
Vitamin B6 metabolism 32 0,093062 1 0,089539 2,4131 1 0,292 0,01914
Terpenoid backbone biosynthesis 33 0,09597 1 0,092222 2,3836 1 0,292 0
Methane metabolism 34 0,098878 1 0,094899 2,3549 1 0,292 0,14633
Glutathione metabolism 38 0,11051 1 0,10554 2,2487 1 0,31271 0,01095
Ascorbate and aldarate metabolism 45 0,13087 1 0,1239 2,0883 1 0,354 0,01617
Pentose and glucuronate interconversions 53 0,15413 1 0,14449 1,9346 1 0,39858 0
Tyrosine metabolism 76 0,22102 1 0,20138 1,6026 1 0,53702 0
Porphyrin and chlorophyll metabolism 104 0,30245 1 0,26624 1,3234 1 0,68707 0

Supplementary Figure 9. Metabolic routes altered by AuChi and AuCeO2 particles, at different 
time points (48 h for AuChi and 72 h for AuCeO2). 

alanine, aspartate and glutamine 
metabolism



 
Pathway Expected Total Hits Raw p -log(p) Holm adjust FDR Impact

Citrate cycle (TCA cycle) 20 0,041545 2 0,00064639 7,3441 0,051711 0,037434 0,0313
Alanine  aspartate and glutamate metabolism 24 0,049855 2 0,00093584 6,9741 0,073931 0,037434 0,00285
Propanoate metabolism 35 0,072705 2 0,001999 6,2151 0,15592 0,052192 0,00134
Butanoate metabolism 40 0,083091 2 0,0026096 5,9486 0,20094 0,052192 0,03545
Phenylalanine metabolism 45 0,093477 2 0,0032983 5,7144 0,25067 0,052773 0
Tyrosine metabolism 76 0,15787 2 0,0092504 4,6831 0,69378 0,12334 0
Glycolysis or Gluconeogenesis 31 0,064396 1 0,062809 2,7677 1 0,62795 0
Pyruvate metabolism 32 0,066473 1 0,064781 2,7367 1 0,62795 0,13756
Glutathione metabolism 38 0,078936 1 0,076545 2,5699 1 0,62795 0,23743
Glycerophospholipid metabolism 39 0,081014 1 0,078494 2,5447 1 0,62795 0,04571
Nicotinate and nicotinamide metabolism 44 0,0914 1 0,08819 2,4283 1 0,64138 0
Glyoxylate and dicarboxylate metabolism 50 0,10386 1 0,099717 2,3054 1 0,66478 0
Cysteine and methionine metabolism 56 0,11633 1 0,11113 2,1971 1 0,68386 0,00735
Arginine and proline metabolism 77 0,15995 1 0,15016 1,8961 1 0,85803 0

Supplementary Figure 10. Metabolic routes altered in an opposite way by AuChi and AuCeO2 
particles. 

glutathione metabolism
pyruvate metabolism



Supplementary Table 1. Normalized concentration values of selected metabolites after 24 
hours of treatment. P-values were obtained by the Student’s t-test. 

Supplementary Table 2. Normalized concentration values of selected metabolites after 48 
hours of treatment. P-values were obtained by the Student’s t-test. 



Supplementary Table 3. Normalized concentration values of selected metabolites after 72 
hours of treatment. P-values were obtained by the Student’s t-test. 


