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    Abstract
In bacteria and archaea, tripartite ATP-independent periplasmic (TRAP) transporters uptake essential carboxylate- and sulfonate-containing nutrients into the cytoplasm. Unlike other secondary active transporters, TRAP transporters cannot receive their substrates directly, but do so indirectly via a secreted soluble substrate-binding protein. How a sodium-driven secondary active transporter is strictly coupled to a passenger-carrying substrate-binding domain is poorly understood. Here, we report the cryo-EM structure of the sialic acid TRAP transporter SiaQM from Photobacterium profundum at 2.97 Å resolution. SiaM has 12-TMs that come together to form a “transport” domain and a “scaffold” domain, with the transport domain consisting of helical hairpins as seen in the sodium-coupled elevator transporter VcINDY. Interestingly, the SiaQ protein forms intimate contacts with SiaM to extend the size of the scaffold domain, indicating TRAP transporters may operate as monomers, rather than the typically observed oligomers. We have identified the Na+ and sialic acid binding sites in SiaM and confirmed a strict dependence on the substrate-binding protein SiaP for uptake. We have determined the SiaP crystal structure that, together with co-evolution driven docking studies, provides a molecular basis for how sialic acid is delivered to the SiaQM transporter complex. We conclude that TRAP proteins are conceptually a marriage between an ABC importer and a secondary active transporter, which we describe herein as an ‘elevator-with-an-operator’ mechanism.
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