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Spx is an essential redox-sensitive transcriptional regulator that responds to disulfide stress and maintains thiol homeostasis in the gram-positive pathogen Staphylococcus aureus. The formation of an oxidized disulfide in the Spx redox switch enables it to bind the alpha subunit of the RNA polymerase and facilitate expression of various genes involved in thiol homeostasis. Remarkably, we engineered a spxC10A mutation that encoded an oxidation-insensitive SpxC10A variant suggesting that functions associated with redox signaling in Spx are not essential for growth. However, the spxC10A mutant exhibited increased sensitivity to diamide-mediated disulfide stress compared to the wild-type strain. Here, we demonstrate that the impaired growth of the spxC10A mutant following diamide stress does not arise from its inability to maintain intracellular thiol homeostasis. Rather, the spxC10A mutant can efficiently adapt and counter thiol oxidation through increased CymR-dependent cystine uptake. Paradoxically, our findings reveal that cystine uptake during disulfide stress is toxic to the growth of the spxC10A mutant. The inactivation of the major cystine transporters in S. aureus under disulfide stress prevented the spxC10A mutant from adapting to the oxidized intracellular thiol environment, but unexpectedly restored its growth. These findings indicate that S. aureus may utilize redox signaling through Spx to limit toxicity from cystine uptake during disulfide stress.

