3D-reconstruction and overall topology of the dimeric mitochondrial ATP synthase of the colorless alga Polytomella sp. 
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Mitochondrial F1FO-ATP synthase of chlorophycean algae like Chlamydomonas reinhardtii and Polytomella sp. is a stable dimeric complex of 1,600,000Da. It contains the conserved subunits of the rotor and catalytic sectors (alpha, beta gamma, delta, epsilon, OSCP, a and c) but lacks the classic subunits that constitute the peripheral stator-stalk, regulatory elements, and the polypeptides involved in the dimerization of the complex (b, F6, A6L, IF1, h, g). Instead, it contains nine polypeptides of unknown evolutionary origin named ASA1 to ASA9. Therefore, the algal enzyme seems to have modified the structural features of its peripheral scaffold, while conserving almost intact the structure of its rotor and catalytic subunits. The isolated enzyme exhibits a very low ATPase activity (0.03 Units/mg), that increases upon heat treatment or by incubation in the presence of low concentrations (0.01%) of several non-ionic detergents. The detergent-activated enzyme is fully sensitive to oligomycin. In this work, we readdressed the overall topology of the enzyme with different experimental approaches: dissociation of the enzyme into subcomplexes, detection of close vicinities between subunits based on cross-linking experiments, and inference of subunit stoichiometry based on cysteine residue labelling. Monomer-monomer interactions seem to be mediated by the membrane-bound subunits ASA6 and ASA9, while ASA4, ASA2 and ASA7 appear to be closely-associated forming an important structural element of the peripheral stalk. In addition, three-dimensional structural features of the algal dimeric F1FO-ATP synthase were obtained using to different experimental approaches: small angle X ray scattering with the enzyme in aqueous solution,  and electron microscopy image reconstruction from single particles. 
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