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My interest has been in metal/ metalloid ion interactions with bacteria for ~30 years, with an interest 
in a fundamental understanding of such processes in geomicrobiology, bioremediation, clinical 
microbiology, biofouling, and microbial physiology. The use of inorganics, particularly the coinage 
metals, of gold, silver, and copper, have been around since antiquity.  In the past decade metal-based 
antimicrobials (MBAs) are being rediscovered for control of infectious diseases. There is considerable 
understanding now the genetics of MBA mechanisms of resistance. However, we have a poor 
understanding of how metal ions are toxic to bacteria which is key to develop effective MBAs.  Thus we 
are seeing a recognition that we need a more system view of the biochemistry to understand the 
relationship of ‘toxic’ metal(loid) ions with microbes.   
To address the knowledge gaps my group has used a multidisciplinary approach starting with evaluating 
of  toxicology with element physicochemical properties. This was followed up this targeted 
biochemistry and microbial physiology explorations.  Further work through using studies of proteomics, 
metabolomics, transcriptomics and toxicogenomics, we are trying to understand the sensitivity and 
tolerance mechanisms of different metals?  To advance our understanding surrounding the 
antimicrobial action of the three most used/studied MBAs (Ag, Ga, and Cu), we performed a chemical 
genetic screen in order to identify genes mediating sensitivity or tolerance. The data demonstrate that 
the activity of these metals to bacteria is more extensive than previously considered providing genes 
not previously considered to be involved in metal action.  I will conclude with a summary of novel ways 
to deliver metal mixture formulations as antimicrobials. 
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