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            Abstract
The energy-coupling factor (ECF) transporters constitute a novel family of conserved membrane transporters in prokaryotes that have a similar domain organization to the ATP-binding cassette transporters1,2,3. Each ECF transporter comprises a pair of cytosolic ATPases (the A and Aâ€² components, or EcfA and EcfAâ€²), a membrane-embedded substrate-binding protein (the S component, or EcfS) and a transmembrane energy-coupling component (the T component, or EcfT) that links the EcfAâ€“EcfAâ€² subcomplex to EcfS. The structure and transport mechanism of the quaternary ECF transporter remain largely unknown. Here we report the crystal structure of a nucleotide-free ECF transporter from Lactobacillus brevis at a resolution of 3.5â€‰Ã…. The T component has a horseshoe-shaped open architecture, with five Î±-helices as transmembrane segments and two cytoplasmic Î±-helices as coupling modules connecting to the A and Aâ€² components. Strikingly, the S component, thought to be specific for hydroxymethyl pyrimidine, lies horizontally along the lipid membrane and is bound exclusively by the five transmembrane segments and the two cytoplasmic helices of the T component. These structural features suggest a plausible working model for the transport cycle of the ECF transporters.
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                    Figure 1: Overall structure of a quaternary ECF transporter.


Figure 2: The coupling between EcfT and EcfAâ€“EcfAâ€².


Figure 3: Structural features of EcfS.


Figure 4: A working model for the ECF transporter.
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                The atomic coordinates of the quaternary ECF transporter have been deposited in the Protein Data Bank under the accession code 4HZU.
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        Editorial Summary
Bacterial micronutrient transporters
The ATP-binding cassette (ABC) transporters harness the energy of ATP binding and hydrolysis for substrate transport across the cell membrane. Two papers in this issue of Nature report the X-ray crystal structures of two members of a recently recognized ABC transporter superfamily, the energy-coupling factor (ECF) transporters involved in vitamin and micronutrient uptake in prokaryotes. Both molecules are from Lactobacillus brevis. Peng Zhang and colleagues have solved the structure of a folate ECF transporter, and Yigong Shi and colleagues have solved the structure of an ECF transporter that is believed to be specific for hydroxymethyl pyrimidine. The structures enable the authors to propose a plausible working model for the transport cycle of the ECF transporters. There are no mammalian homologues for the S protein components of ECF transporters, and the molecules have notably high substrate-binding affinity, suggesting that they are worth investigating as potential targets for much-needed new antibiotics.
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