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Abstract 
The widespread use of silver nanoparticle (NAg) in consumer products has prompted 

major concerns for bacterial resistance phenomena. Scholarly works have reported the 

natural ability of bacteria to develop resistance to the antibacterial nanoparticle. While 

the adaptation mechanisms have been studied in Gram-negative bacteria, it remains 

largely unexplored in Gram-positive bacteria. This work seeks to investigate the 

phenomena of NAg resistance in Staphylococcus aureus, a Gram-positive bacterium, 

to unravel the development and mechanisms of resistance in one of the WHO-listed 

priority pathogens. 

Herein, the work found that S. aureus has the ability to evolve stable resistance traits, 

reducing the potency of NAg, upon prolonged exposure. Higher NAg concentrations 

are required to inhibit the bacterium growth when compared to the wild-type strain. A 

whole genome analysis of the resistant strain revealed mutation in gene that encodes 

the purine operon repressor protein. The mutation was thought to be responsible, at 

least in part, for the physiological adaptation of S. aureus, that is, the defence 

responses that manifest even in the absence of the nanoparticle. The role of this 

mutation was supported by transcriptomic analysis, whereby, increased expression of 

the whole purine synthesis operon were detected in the resistant strain. This, along 

with the observed changes in the expression of other metabolic genes (the pyrimidine, 

nitrogen, and capsular polysaccharide), highlight a metabolic adaptation to the likely 

disruptions in bacterial fitness. 

The transcriptomic analysis also gives insights into the roles of specific cellular 

pathways, most likely responsible for the resistance characteristics. Our study found 

increased expression of genes that encode transporter proteins, ROS (reactive oxygen 

species) scavenger enzymes in the resistant strain and genes that are associated with 

the assembly of the iron-sulphur (Fe-S) clusters, one of the main cellular targets of 

NAg. For the latter, the upregulation was detected in the clusters’ main synthesis genes 

(suf system) as well as in the iron and cysteine acquisition genes. Collectively, the 

adaptation mechanisms involve attempt by the bacterium to neutralize the over-

production of ROS, while simultaneously recovering the damaged Fe-S clusters and 

facilitating silver efflux.  

In summary, the knowledge generated herein provides insights into the emergence and 

molecular basis of NAg resistance in a bacterium that has been perceived to have no, 

or very low resistance tendency to NAg. The fundamental knowledge will allow 
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development of technologies to overcome the resistance phenomena and to inform 

strategies for an effective long term use of the nanoparticle.  
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