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            Abstract
Metals are needed by at least one-quarter of all proteins1,2. Although metallochaperones3,4,5,6,7,8 insert the correct metal into some proteins, they have not been found for the vast majority, and the view is that most metalloproteins acquire their metals directly from cellular pools. However, some metals form more stable complexes with proteins than do others. For instance, as described in the Irvingâ€“Williams series9, Cu2+ and Zn2+ typically form more stable complexes than Mn2+. Thus it is unclear what cellular mechanisms manage metal acquisition by most nascent proteins. To investigate this question, we identified the most abundant Cu2+-protein, CucA (Cu2+-cupin A), and the most abundant Mn2+-protein, MncA (Mn2+-cupin A), in the periplasm of the cyanobacterium Synechocystis PCC 6803. Each of these newly identified proteins binds its respective metal via identical ligands within a cupin fold. Consistent with the Irvingâ€“Williams series, MncA only binds Mn2+ after folding in solutions containing at least a 104 times molar excess of Mn2+ over Cu2+ or Zn2+. However once MncA has bound Mn2+, the metal does not exchange with Cu2+. MncA and CucA have signal peptides for different export pathways into the periplasm, Tat and Sec respectively. Export by the Tat pathway allows MncA to fold in the cytoplasm, which contains only tightly bound copper or Zn2+ (refs 10â€“12) but micromolar Mn2+ (ref. 13). In contrast, CucA folds in the periplasm to acquire Cu2+. These results reveal a mechanism whereby the compartment in which a protein folds overrides its binding preference to control its metal content. They explain why the cytoplasm must contain only tightly bound and buffered copper and Zn2+.
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                    Figure 1: 
                        CucA is the principal periplasmic Cu
                        2+
                        -protein.
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Figure 2: 
                        MncA is the principal periplasmic Mn
                        2+
                        -protein.
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Figure 3: 
                        MncA and CucA have similar metal-sites.
                      [image: ]


Figure 4: MncA prefers Cu2+ but entraps Mn2+. [image: ]
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Protein folding: choosing the right metal
Metal ions are needed by at least a quarter of proteins â€” although metallochaperones insert the 'correct' metal ion into some metal-containing proteins, metallochaperones have not been found for a large proportion of metalloproteins. It seems likely that some metalloproteins acquire their metal ions directly from cellular pools â€” but some metal ions form more stable metal ion/protein-complexes than others, so it is not clear what cellular mechanisms enables a nascent protein to incorporate the correct metal ion. In this manuscript, the authors identified the most abundant Cu2+ and Mn2+ containing proteins in the periplasm of a cyanobacterium and determined that the cellular compartment in which each of those proteins fold is responsible for the insertion of the correct metal ion into the metalloprotein.
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