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COUMARINS ON THE FRONTLINE: SABOTAGING BACTERIAL DEFENSE AND BOOSTING ANTIBIOTIC EFFICACY
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ABSTRACT
The rising occurrence of bacterial resistance is severely compromising the treatment of numerous infections. Staphylococcus aureus, in particular, presents a major threat due to its high virulence, leading to persistent infections and significant rates of morbidity and mortality. The NorA efflux pump, a membrane transporter, plays a key role in bacterial resistance by expelling antimicrobial agents such as fluoroquinolones from the bacterial cell, limiting their efficacy. Coumarins are phenolic compounds that have been studied for their diverse biological actions, including against bacterial growth. In this study, we performed in silico pharmacokinetic profiling of coumarin derivatives C10 and C13, both of which adhered to Lipinski’s Rule of Five, indicating favorable drug-like properties. Only the isolated coumarin compound C13 showed antibacterial activity against standard strains of Staphylococcus aureus and Escherichia coli. Both compounds, however, displayed significant in vitro modulatory activity against both standard and multidrug-resistant Gram-positive and Gram-negative bacterial strains, primarily through inhibition of the NorA efflux pump. Efflux pump inhibition was evidenced by a reduction in the minimum inhibitory concentration (MIC) of norfloxacin and enhanced ethidium bromide fluorescence in fluorimetry assays. Molecular docking and molecular dynamics (MD) simulations were employed to investigate the mechanism of coumarin interactions with the NorA pump and the bacterial membrane. The findings of this study provide an atomistic perspective on the potential of coumarins as active inhibitors of the NorA pump, highlighting their specific mode of action, primarily targeting protein inhibition. In molecular docking, it was observed that coumarins can interact with several amino acid residues of the NorA pump. Interestingly, in MD, while C10 was capable of penetrating the membrane bilayer, C13 remained bound to the membrane surface, suggesting distinct modes of action. Coumarins demonstrated their potentiating role in the effect of norfloxacin through a dual mechanism: efflux pump inhibition by direct interaction with the protein and increased interaction with the membrane (C10 and C13). In the context of pharmacokinetic prediction studies, the studied structures have a suitable chemical profile for potential oral use. We suggest that coumarin derivatives may be an interesting alternative in the future for the treatment of resistant bacterial infections, with the possibility of a synergistic effect with other antibacterial drugs, although further studies are needed to characterize their therapeutic effects and toxicity.
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