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Human research participants
Policy information about studies involving human research participants and Sex and Gender in Research. 

Reporting on sex and gender

Population characteristics

Recruitment

Ethics oversight

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting
Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.
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For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design
All studies must disclose on these points even when the disclosure is negative.

Sample size

Data exclusions

Replication

Randomization

Blinding

Reporting for specific materials, systems and methods
We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

doi.org/10.2210/pdb1PW4/pdb], 1XF4 [https://doi.org/10.2210/pdb1XF4/pdb], 5B3N [https://doi.org/10.2210/pdb5B3N/pdb], 4U4W [https://doi.org/10.2210/
pdb4U4W/pdb], 4U4T [https://doi.org/10.2210/pdb4U4T/pdb], and amino acid sequences of OFA family (IPR026355 [https://www.ebi.ac.uk/interpro/entry/
InterPro/IPR026355/]) were used in this study. Source data are provided with this paper.

No human research is reported in this study.

No human research is reported in this study.

No human research is reported in this study.

No human research is reported in this study.

For the GFP-TS assays, transport assays, and the SEC analysis, the number of replication was chosen based on the authors' preliminary
experiments or previous experiences (such as described in Hayashi et al. Protein Sci 30, 2161-2169, 2021 or Supplementary Fig. 6). No other
relevant life science experiment was reported in this work.

For the GFP-TS assay (Fig. 2c), the results from the experiments where the incomplete heat denature at 80 C was observed, i.e. the residual

fluorescence intensity at 80 C was > 10% of the value from the original sample without heat denature, were excluded, because it is a signature
of the inappropriate setting of the experimental condition, such as a wrong ligand concentration, mis-setting of the heat denature
temperatures, contamination, etc.. For the functional assay of the transporter using E. coli, experimental sets with low wild-type activities
measured on the same day of the experiment were excluded, because it is an indication of the inappropriate setting of experimental
conditions, such as a wrong ligand concentration, misalignment of the optics, etc. In addition, a mutant showing low expression levels for the
probe proton pump (Y150A) was excluded as described in the manuscript, because such situation doesn't ensure the coupling between
transporter activities and probe proton pump activities. Other than these situations, all the measured data were included in the manuscript.

For the GFP-TS assays (Fig. 2c and Supplementary Fig. 5, 7c) and the SEC analysis (Supplementary Fig. 1), the results from three independent
experiments were reported. For the functional assay of the transporter using E. coli (Fig. 2d), all the measurements were performed with
technical duplication from a single experiment for each mutant. For the proteoliposome assay (Fig. 2e and Supplementary Fig. 6c), the results
from two or three independent experiments were reported. All attempts at replication were successful. No other relevant life science
experiment was reported in this work.

This study did not include experiments with experimental group allocation and thus no randomization was applied.

This study did not include experiments with experimental group allocation and thus no blinding was applied. All experimental samples were

prepared and analyzed as described in the manuscript.




