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            Abstract
Chronic infections are difficult to treat with antibiotics but are caused primarily by drug-sensitive pathogens. Dormant persister cells that are tolerant to killing by antibiotics are responsible for this apparent paradox. Persisters are phenotypic variants of normal cells and pathways leading to dormancy are redundant, making it challenging to develop anti-persister compounds. Biofilms shield persisters from the immune system, suggesting that an antibiotic for treating a chronic infection should be able to eradicate the infection on its own. We reasoned that a compound capable of corrupting a target in dormant cells will kill persisters. The acyldepsipeptide antibiotic (ADEP4) has been shown to activate the ClpP protease, resulting in death of growing cells. Here we show that ADEP4-activated ClpP becomes a fairly nonspecific protease and kills persisters by degrading over 400 proteins, forcing cells to self-digest. Null mutants of clpP arise with high probability, but combining ADEP4 with rifampicin produced complete eradication of Staphylococcus aureus biofilms in vitro and in a mouse model of a chronic infection. Our findings indicate a general principle for killing dormant cellsâ€”activation and corruption of a target, rather than conventional inhibition. Eradication of a biofilm in an animal model by activating a protease suggests a realistic path towards developing therapies to treat chronic infections.
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                    Figure 1[image: ]


Figure 2: Quantitative proteomic analysis of S. aureus cells treated with ADEP4 reveals extensive protein degradation.[image: ]


Figure 3: ADEP4 kills persisters.[image: ]


Figure 4: ADEP4 with rifampicin eradicates a variety of S. aureus strains.[image: ]


Figure 5: ADEP4 kills a S. aureus biofilm and in combination with rifampicin eradicates the population.[image: ]


Figure 6: ADEP4 in combination with rifampicin eradicates a deep-seated mouse biofilm infection.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Combinations of conventional antibiotics against stationary phase S. aureus.
Data are representative of 3 independent experiments. Error bars represent s.d.


Extended Data Figure 2 ADEP4 resistant strains are heat sensitive.
Wild-type S. aureus ATCC 33591 and 9 ADEP4 resistant isolates with mutations in clpP were grown for 20â€‰h in MHB at 44â€‰Â°C in 96-well polystyrene plates. Data are representative of 3 independent experiments. Error bars represent s.d.


Extended Data Figure 3 ADEP4 with rifampicin eradicates S. aureus in a hollow-fibre infection model.
Antibiotics were delivered at concentrations mimicking human dosing, while the concentration of ADEP was varied over time to match the pharmacokinetics in the mouse model. Data are representative of 3 independent experiments. Error bars represent s.d.


Extended Data Figure 4 Conventional bactericidal antibiotics target active processes in bacterial cells (green) resulting in death.
In a dormant persister (blue), the antibiotic binds an inactive target, producing no effect. ADEP4 activates and dysregulates ClpP in growing cells and in dormant persisters, resulting in eradication of the bacterial population.
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Researcher Kim Lewis discusses how a compound could help treat the chronic infections that antibiotics fail to fight off.
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Concerns about the ability of today's antibiotics to cope with future infections are compounded by the dual nature of the bacterial response to the drugs. Some bacteria develop genetic resistance, but others become tolerant, able to survive in the presence of antibiotics by forming dormant cells known as persisters in which the enzymatic targets of the antibiotics are inactive. Kim Lewis and colleagues sought compounds with the potential to kill persisters by corrupting targets within these energy-limited cells. They demonstrate that the acyldepsipeptide antibiotic ADEP4 activates ClpP protease and the cell's proteolytic machinery, killing persister cells by forcing them to degrade a range of cellular proteins. This is a potentially important result, suggesting that combining compounds such as ADEP4 with conventional antibiotics could provide new and robust strategies for the control of chronic infections.
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