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    Abstract
“CLC” transporters catalyze the exchange of chloride ions for protons across cellular membranes. As secondary active transporters, CLCs must alternately allow ion access to and from the extracellular and intracellular sides of the membrane, adopting outward-facing and inward-facing conformational states. Here, we use single-molecule Förster resonance energy transfer (smFRET) to monitor the conformational state of CLC-ec1, an E. coli homolog for which high-resolution structures of occluded and outward-facing states are known. Since each subunit within the CLC homodimer contains its own transport pathways for chloride and protons, we developed a labeling strategy to follow conformational change within a subunit, without crosstalk from the second subunit of the dimer. Using this strategy, we evaluated smFRET efficiencies for labels positioned on the extracellular side of the protein, to monitor the status of the outer permeation pathway. When [H+] is increased to enrich the outward-facing state, the smFRET efficiencies for this pair decrease. In a triple-mutant CLC-ec1 that mimics the protonated state of the protein and is known to favor the outward-facing conformation, the lower smFRET efficiency is observed at both low and high [H+]. These results confirm that the smFRET assay is following the transition to the outward-facing state and demonstrate the feasibility of using smFRET to monitor the relatively small (~1 Å) motions involved in CLC transporter conformational change. Using the smFRET assay, we show that the conformation of the partner subunit does not influence the conformation of the subunit being monitored by smFRET, thus providing evidence for the independence of the two subunits in the transport process.
SUMMARY Cheng, Krishnamoorti et al. use single-molecule Förster energy resonance transfer measurements to monitor the conformation of a CLC transporter and to show that the conformational state is not influenced by the neighboring subunit.
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