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Electrophilic stress, often resulting from oxidative stress, is a highly dangerous situation that bacteria have to be able to overcome for survival. The primary response to this is mediated by glutathione (GSH), the primary reducing agent in the bacterial cytosol, which is covalently linked to electrophilic compounds to form glutathione adducts (GSX). In addition to this immediate detoxification, bacteria undergo separate adjustments of their physiology to protect from damage resulting from electrophilic stress. An important mechanism to achieve this is the acidification of the cytosol by the GSH-regulated K+/H+ exchanger KefC.
KefC is a membrane protein belonging to the Cation:Proton Antiporter 2 (CPA2) family that performs an electroneutral 1:1 exchange of protons for K+. In addition to its conserved transporter fold, KefC features a C-terminal cytosolic Regulator of K+ Conductance (RCK) domain homologous to regulatory domains often found in K+ channels. While these domains commonly bind nucleotides or Ca2+ to regulate flux through channels, transport by KefC is regulated by the binding of GSH (inhibition) or GSX (activation) to its RCK domains. Thus, cytosolic acidification by KefC is directly linked to the amount of electrophilic compounds conjugated to GSH. Additionally, KefC activation is supported by the ancillary protein KefF, an oxidoreductase that forms a complex with the RCK domains of KefC. Despite a rough understanding of KefC’s physiological role, the molecular details of its activation by glutathione adducts and KefF remain poorly understood.
Here, we present structural and biochemical data illuminating how KefC is regulated by GSH, GSX, and KefF. Using cryo-EM, we show the inactivated conformation of KefC with GSH bound to the RCK domains, highlighting the RCK-transmembrane domain (TMD) interactions that lock the transporter in the inward-facing state. Using an ACMA-based liposome transport assay and fSEC analysis, we illuminate the determinants of activation by GSX and KefF, which requires the complete dissociation of the RCK domains from the TM domain. Finally, we present a cryo-EM structure of the activated KefC-KefF complex, and investigate the role of KefF in KefC regulation. This work is a significant step towards understanding the physiological role and regulation of the Kef system, an important element in the bacterial persistence machinery.
