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The emergence of antibiotic resistant strains of bacteria presents a worldwide human 
health problem. Identification of new antibacterial agents is therefore needed to fight this 
emerging epidemic. Recent evidence reveals that certain clay mineral deposits rich in soluble 
sub-micron iron sulfides have the ability to limit or completely prevent bacterial growth. These 
antibacterial clays have been shown to prevent the growth of a broad spectrum of bacteria, 
including Methicillin-resistant Staphylococcus aureus (MRSA) and Extended-Spectrum Beta 
Lactamase (ESBL) Escherichia Coli (antibiotic resistant strains) when tested in vitro. The 
leachates (aqueous solutions equilibrated with antibacterial clays for 24 hrs) from these clays 
are also antibacterial and contain ferrous iron from pyrite or adsorbed on the interlayers of 2:1 
expandable clay minerals. Dissolved ferrous iron has the potential to form hydroxyl radicals and 
hydrogen peroxide via the Fenton reaction, which can be highly toxic to bacterial lipids, 
proteins and DNA. This research will test the hypothesis that mixed-layered clay minerals 
containing sub-micron iron sulfides release transition metals at low pH, which are effective in 
killing antibiotic resistant bacteria and biofilms due to the generation of reactive oxygen species 
(ROS) and damage to bacterial membranes resulting from lipid peroxidation.  

 
To test this, model gram-negative and gram-positive bacteria (Escherichia Coli ATCC 

25922 and Staphylococcus Epidermidis ATCC 14990, respectively) were reacted with aqueous 
suspensions of antibacterial clays and clay leachates. Antibacterial susceptibility testing by 
plating and counting colony forming units (CFU/mL) reveals that low pH (2.8-3.5) samples 
containing high levels of soluble Fe, Al and Ca are antibacterial. The acidic pH is not the only 
factor contributing to the antibacterial effect. Transmission electron microscopy (TEM) imaging 
of bacterial cells reveals cytoplasmic condensation and formation of intracellular voids with the 
accumulation of 20-100nm electron dense particles on the cell walls of both gram-positive and 
negative cells. Additionally dark particles <10nm in diameter are observed in the cytoplasm of 
E. coli after 24 hrs. Scanning transmission X-ray microscopy (STXM) iron maps (25nm resolution) 
of single bacterial cells reveals that soluble Fe(II) and Fe(III) are adsorbing to the cell walls of the 
both gram-positive and gram-negative bacteria. The exterior adsorption of iron is confirmed by 
the lack of any measurable signal for iron on the cells after metals were removed with an EDTA-
oxalate solution. The adsorption of reduced iron to the cell walls of E. coli and S. epidermis can 
result in lipid peroxidation of bacterial membranes and the concurrent release of toxic 
aldehydes. These lipid peroxides are highly mutagenic to DNA and could be playing a role in the 
antibacterial mechanism. The aldehydes resulting from lipid peroxidation were measured using 
the thiobarbituric acid assay (TBARS). Results from the TBARS assay reveal that bacterial 
membranes are likely releasing mono-aldehydes at micromolar levels. Lipid peroxidation may 
play a role in the antibacterial mechanism, by altering the membrane permeability allowing 



transition metals to enter the cell causing cell death by the generation of ROS and aldehydes. 
Results from this research may lead to the realization of new antibacterial mechanisms 
involving minerals and transition metals that have traditionally been overlooked by the medical 
community. 

 
 


