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www.ebi.ac.uk/emdb/entry/EMD-29544), 29545 (https://www.ebi.ac.uk/emdb/entry/EMD-29545), 29546 (https://www.ebi.ac.uk/emdb/entry/EMD-29546), 29547
(https://www.ebi.ac.uk/emdb/entry/EMD-29547), 29548 (https://www.ebi.ac.uk/emdb/entry/EMD-29548), 29549 (https://www.ebi.ac.uk/emdb/entry/
EMD-29549), 29550 (https://www.ebi.ac.uk/emdb/entry/EMD-29550), 29551 (https://www.ebi.ac.uk/emdb/entry/EMD-29551), 29552 (https://www.ebi.ac.uk/
emdb/entry/EMD-29552), 29553 (https://www.ebi.ac.uk/emdb/entry/EMD-29553), 29554 (https://www.ebi.ac.uk/emdb/entry/EMD-29554), 29555 (https://
www.ebi.ac.uk/emdb/entry/EMD-29555), 29556 (https://www.ebi.ac.uk/emdb/entry/EMD-29556), 29557 (https://www.ebi.ac.uk/emdb/entry/EMD-29557), 29558
(https://www.ebi.ac.uk/emdb/entry/EMD-29558), 29559 (https://www.ebi.ac.uk/emdb/entry/EMD-29559), 29560 (https://www.ebi.ac.uk/emdb/entry/
EMD-29560), 29561 (https://www.ebi.ac.uk/emdb/entry/EMD-29561), 29562 (https://www.ebi.ac.uk/emdb/entry/EMD-29562), 29563 (https://www.ebi.ac.uk/
emdb/entry/EMD-29563), 29564 (https://www.ebi.ac.uk/emdb/entry/EMD-29564), 29565 (https://www.ebi.ac.uk/emdb/entry/EMD-29565), 29566 (https://
www.ebi.ac.uk/emdb/entry/EMD-29566), 29567 (https://www.ebi.ac.uk/emdb/entry/EMD-29567), 29568 (https://www.ebi.ac.uk/emdb/entry/EMD-29568), 29569
(https://www.ebi.ac.uk/emdb/entry/EMD-29569), 29570 (https://www.ebi.ac.uk/emdb/entry/EMD-29570), 29571 (https://www.ebi.ac.uk/emdb/entry/
EMD-29571), 29572 (https://www.ebi.ac.uk/emdb/entry/EMD-29572), 29573 (https://www.ebi.ac.uk/emdb/entry/EMD-29573), 29574 (https://www.ebi.ac.uk/
emdb/entry/EMD-29574), 29575 (https://www.ebi.ac.uk/emdb/entry/EMD-29575), 29576 (https://www.ebi.ac.uk/emdb/entry/EMD-29576), 29577 (https://
www.ebi.ac.uk/emdb/entry/EMD-29577), 29578 (https://www.ebi.ac.uk/emdb/entry/EMD-29578), 29579 (https://www.ebi.ac.uk/emdb/entry/EMD-29579), 29580
(https://www.ebi.ac.uk/emdb/entry/EMD-29580), and atomic models have been deposited in the Protein Data Bank with accession codes 7TJS (http://
doi.org/10.2210/pdb7TJS/pdb), 7TJT (http://doi.org/10.2210/pdb7TJT/pdb), 7TJU (http://doi.org/10.2210/pdb7TJU/pdb), 7TJV (http://doi.org/10.2210/pdb7TJV/
pdb), 7TJW (http://doi.org/10.2210/pdb7TJW/pdb), 7TJX (http://doi.org/10.2210/pdb7TJX/pdb), 7TJY (http://doi.org/10.2210/pdb7TJY/pdb), 7TJZ (http://
doi.org/10.2210/pdb7TJZ/pdb), 7TK0 (http://doi.org/10.2210/pdb7TK0/pdb), 7TK1 (http://doi.org/10.2210/pdb7TK1/pdb), 7TK2 (http://doi.org/10.2210/pdb7TK2/
pdb), 7TK3 (http://doi.org/10.2210/pdb7TK3/pdb), 7TK4 (http://doi.org/10.2210/pdb7TK4/pdb), 7TK5 (http://doi.org/10.2210/pdb7TK5/pdb), 7TK6 (http://
doi.org/10.2210/pdb7TK6/pdb), 7TK7 (http://doi.org/10.2210/pdb7TK7/pdb), 7TK8 (http://doi.org/10.2210/pdb7TK8/pdb), 7TK9 (http://doi.org/10.2210/pdb7TK9/
pdb), 7TKA (http://doi.org/10.2210/pdb7TKA/pdb), 7TKB (http://doi.org/10.2210/pdb7TKB/pdb), 7TKC (http://doi.org/10.2210/pdb7TKC/pdb), 7TKD (http://
doi.org/10.2210/pdb7TKD/pdb), 7TKE (http://doi.org/10.2210/pdb7TKE/pdb), 7TKF (http://doi.org/10.2210/pdb7TKF/pdb), 7TKG (http://doi.org/10.2210/pdb7TKG/
pdb), 7TKH (http://doi.org/10.2210/pdb7TKH/pdb), 7TKI (http://doi.org/10.2210/pdb7TKI/pdb), 7TKJ (http://doi.org/10.2210/pdb7TKJ/pdb), 7TKK (http://
doi.org/10.2210/pdb7TKK/pdb), 7TKL (http://doi.org/10.2210/pdb7TKL/pdb), 7TKM (http://doi.org/10.2210/pdb7TKM/pdb), 7TKN (http://doi.org/10.2210/
pdb7TKN/pdb), 7TKO (http://doi.org/10.2210/pdb7TKO/pdb), 7TKP (http://doi.org/10.2210/pdb7TKP/pdb), 7TKQ (http://doi.org/10.2210/pdb7TKQ/pdb), 7TKR
(http://doi.org/10.2210/pdb7TKR/pdb), 7TKS (http://doi.org/10.2210/pdb7TKS/pdb). Previously published atomic models used for atomic model building are
available in the Protein Data Bank with accession codes 2HLD (http://doi.org/10.2210/pdb2HLD/pdb), 6B2Z (http://doi.org/10.2210/pdb6B2Z/pdb), 6CP3 (http://
doi.org/10.2210/pdb6CP3/pdb).

The number of micrographs (4059, 7474) and particle images (442025 and 2,534488) were chosen based on past experience on ATP synthase
structure determination so that structures can be determined to sufficient resolution to uncover mechanisms discussed in this work.

Data rejection was performed by automatic 2D and 3D classification, with class members not corresponding to ATP synthase rejected visually,
as it standard in the cryoEM field.

Reproducibility was ensured by first detecting conformational changes in small test datasets and then collecting the much larger datasets
used for high resolution structure determination described in the manuscript. Each dataset has hundreds of thousands to millions of particle
images so the method has inherent replication. The larger datasets were not replicated due to high cost of microscope, which is typical in the
field.

For resolution assessment randomization is by division into odd-even groups

Blinding is not possible but is not needed considering the automated handling of large cryoEM image datasets




