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            Abstract
Copper resistance has emerged as an important virulence determinant of microbial pathogens. In Streptococcus pneumoniae, copper resistance is mediated by the copper-responsive repressor CopY, CupA and the copper-effluxing P1B-type ATPase CopA. We show here that CupA is a previously uncharacterized cell membraneâ€“anchored Cu(I) chaperone and that a Cu(I) bindingâ€“competent, membrane-localized CupA is obligatory for copper resistance. The crystal structures of the soluble domain of CupA and the N-terminal metal-binding domain (MBD) of CopA (CopAMBD) reveal isostructural cupredoxin-like folds that each harbor a binuclear Cu(I) cluster unprecedented in bacterial copper trafficking. NMR studies reveal unidirectional Cu(I) transfer from the low-affinity site on the soluble domain of CupA to the high-affinity site of CopAMBD. However, copper binding by CopAMBD is not essential for cellular copper resistance, consistent with a primary role of CupA in cytoplasmic Cu(I) sequestration and/or direct delivery to the transmembrane site of CopA for cellular efflux.
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                    Figure 1: Copper sensitivity phenotypes of mutant S. pneumoniae D39 strains.


Figure 2: Crystallographic structures of sCupA and CopAMBD.


Figure 3: The methionine-rich S2 site is the low-affinity site on both CopAMBD and sCupA, and Cu(I) is transferred only from the S2 site of sCupA to the S1 site of apo MBD.


Figure 4: NMR chemical shift perturbation analysis of sCupA and CopAMBD induced by Cu(I) binding.


Figure 5: Mutagenesis of Cu(I)-binding residues in CupA but not in CopAMBD partly or completely abrogates Cu(I) resistance of S. pneumoniae.
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