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ABSTRACT

Carbon monoxide (CO)-releasing molecules (CORMs), mostly metal carbonyl compounds, are extensively
used as experimental tools to deliver CO, a biological ‘gasotransmitter’, in mammalian systems. CORMs are
also explored as potential novel antimicrobial drugs, effectively and rapidly killing bacteria in vitro and in
animal models, but are reportedly benign towards mammalian cells. Ru-carbonyl CORMs, exemplified by
CORM-3 (Ru(CO);Cl(glycinate)), exhibit the most potent antimicrobial effects against Escherichia coli. We
demonstrate that CORM-3 releases little CO in buffers and cell culture media and that the active antimicrobial
agent is Ru(II), which binds tightly to thiols. Thus, thiols and amino acids in complex growth media — such as
histidine, methionine and oxidised glutathione, but most pertinently cysteine and reduced glutathione (GSH) -
protect both bacterial and mammalian cells against CORM-3 by binding and sequestering Ru(Il). No other
amino acids exert significant protective effects. NMR reveals that CORM-3 binds cysteine and GSH in a 1:1
stoichiometry with dissociation constants, K4, of about 5 pM, while histidine, GSSG and methionine are
bound less tightly, with K4 values ranging between 800 - 9000 uM. There is a direct positive correlation
between protection and amino acid affinity for CORM-3. Intracellular targets of CORM-3 in both bacterial
and mammalian cells are therefore expected to include GSH, free Cys, His and Met residues and any
molecules that contain these surface-exposed amino acids. These results necessitate a major reappraisal of the

biological effects of CORM-3 and related CORMs.
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