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            Abstract
Protein translocation across the bacterial membrane, mediated by the secretory translocon SecYEG and the SecA ATPase1,2,3,4, is enhanced by proton motive force5,6 and membrane-integrated SecDF7,8,9, which associates with SecYEG. The role of SecDF has remained unclear, although it is proposed to function in later stages of translocation as well as in membrane protein biogenesis4,10,11,12,13. Here, we determined the crystal structure of Thermus thermophilus SecDF at 3.3 Å resolution, revealing a pseudo-symmetrical, 12-helix transmembrane domain belonging to the RND superfamily and two major periplasmic domains, P1 and P4. Higher-resolution analysis of the periplasmic domains suggested that P1, which binds an unfolded protein, undergoes functionally important conformational changes. In vitro analyses identified an ATP-independent step of protein translocation that requires both SecDF and proton motive force. Electrophysiological analyses revealed that SecDF conducts protons in a manner dependent on pH and the presence of an unfolded protein, with conserved Asp and Arg residues at the transmembrane interface between SecD and SecF playing essential roles in the movements of protons and preproteins. Therefore, we propose that SecDF functions as a membrane-integrated chaperone, powered by proton motive force, to achieve ATP-independent protein translocation.
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                    Figure 1: 
                        Structures of 
                        T. thermophilus
                         SecDF.
                      


Figure 2: 
                        SecDF-dependent translocation completion.
                      


Figure 3: 
                        Functional charged residues and proton conduction of SecDF.
                      


Figure 4: 
                        A working model of the PMF-driven translocation enhancement by SecDF.
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                Data deposits

                The coordinates and structure factors have been deposited in the Protein Data Bank under the accession codes 3AQP for the entire TtSecDF protein and 3AQO for the P1 domain. The PDB and BMRB codes for the deposited P4 domain are 2RRN and 11426 respectively.
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        Editorial Summary
Structure of protein-export enhancer SecDF
Protein translocation across the bacterial cell membrane is mediated by the SecYEG translocon and is enhanced by a membrane protein called SecDF, the function of which was unknown. In this study, Osamu Nureki and colleagues present a structural and functional analysis of SecDF. They show that it has 12 transmembrane domains and two major periplasmic domains (P1 and P4), and propose that SecDF functions as a membrane-integrated chaperone, powered by the proton motive force to perform protein translocation.
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