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Table 1. Molecular mechanisms of noble metal nanomaterials to bacteria

NMNs type  Antibacterial mechanism Size/nm Target bacteria References

Gold Nanoperforation <22 Escherichia coli, Pseudomonas aeruginosa, Salmonella typhi [1,4,7]
Destroy membrane stability <20 P. aeruginosa, Plesiomonas shigelloides, Shigella flexneri B, [8-11]

Staphylococcus aureus

Oxidative damage 25 E. coli, P. aeruginosa [8,12]
Biomolecule binding 10 E. coli [13]

Silver Nanoperforation <10 E. coli, Staph. aureus [14]
Destroy membrane stability 20 E. coli, nitrifying bacteria [15-16]
Ionic toxicity - E. coli, P. aeruginosa, Staph. aureus [17-18]
Oxidative damage <70 E. coli, P. aeruginosa, Staph. aureus [17-19]
Biomolecule binding <40 E. coli, Staph. aureus [18,20]

(And many more)

Platinum Destroy membrane stability <10 Staph. aureus, Streptococcus, Klebsiella [21]
Ionic toxicity - E. coli, Staph. aureus, B. subtilis, B. cereus [22]
Oxidative damage <20 E. coli, P. aeruginosa, B. subtilis, Staph. aureus [23-25]
Biomolecule binding <30 Staph. aureus, S. enteritidis, Listeria monocytogenes [26-27]

Palladium  Nanoperforation <10 E. coli, Staph. aureus, Fusarium graminearum [28-29]
Destroy membrane stability <10 E. coli, P. aeruginosa, Staph. aureus, Streptococcus, Klebsiella [21,30]
Ionic toxicity - E. coli, Staph. aureus, B. subtilis, B. cereus [22]
Oxidative damage 10 E. coli, P. aeruginosa, Staph. aureus, F. graminearum [28-30]
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Figure 1.

Antibacterial molecular mechanisms of NMNs. A: extracellular process; B: intracellular process.
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Table 2. Molecular mechanism of bacterial resistance to nanomaterials
Target bacteria Nanomaterials Size/nm Resistance mechanism References
Pseudomonas aeruginosa Cd, Zn, Se 10 Efflux pump [41]
Antioxidant enzymes

CuO <50 Efflux pump [43]

Ag, GO <30, 1-5 layers Quorum sensing [44-46]

Ag <30 Biofilm [44]
Escherichia coli Zn0, Ag, Si0;, ZnO <20 Electrostatic repulsion [47-49]

Ag 30 Adsorption protein [5,50]

Ag 10 Electrostatic repulsion [36]

TiO,, Ag <60 Antioxidant enzymes [51]

Ag <15 Biofilm [52]
Staphylococcus aureus Ag 15 Electrostatic repulsion [53]

Ag’ - Efflux pump [54]
Salmonella typhimurium Si, Ag <30 Electrostatic repulsion [55-56]
Enterococcus faecalis Ag 10 Electrostatic repulsion [57]
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Abstract: Noble metal-based nanomaterials (NMNs) have a broad spectrum of antibacterial properties. NMNs can
inhibit bacteria by means of nano-perforation, disrupting membrane stability, stimulating the generation of reactive
oxygen species, binding to biological molecules such as DNA, and releasing toxic ions. Under the selective
pressure of NMNs, bacteria evolve the resistance to NMNs inhibition. The resistance of bacteria to NMNs can be
exhibited through electrostatic repulsion, secreting adsorption protein, activation of antioxidant enzymes, efflux of
toxic particles, and quorum sensing. Here we summarize the antibacterial properties of NMNs, discuss bacterial
resistance to NMNs, and indicate the shortage of current researches on bacterial resistance to NMNs, to assist

rational development and application of antimicrobial NMNs.

Keywords: noble metal-based nanomaterials, antimicrobial mechanism, bacterial resistance, membrane
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