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Figure S1. ATPase activity of wild-type FoF1 and ΔεCT-FoF1
The activities of wild-type FoF1 and ΔεCT-FoF1 were measured
using the enzyme coupling assay described in the Materials and
Methods section.
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Figure S2. Image acquisition and reconstitution of the 3D structure of nucleotide-depleted (ND) wild-type
(wt)-FoF1
(A) Representative motion-corrected and dose-weighted micrographs. (B) Workflow for cryo-electron
microscopy (cryo-EM) single particle analysis of ND-wt-FoF1. (C) 2D class-averaged images. (D) Cryo-EM
density map. The colors used to represent local resolution are given in the key. (E) Fourier shell correlation (FSC)
curves for the three rotational states of wt-ND-FoF1 using FSC = 0.143 resolution criterion.
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Fig. S3  

Figure S3. Structure comparison of wt-FoF1(gray) and ND-wt-FoF1
(colored). The βTP, βDP, and βE of wt-FoF1(6N2Y) and US-ΔεCT- FoF1 were 
superimposed in the β -barrel domain (1-80 a .a.), respectively.
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Figure S4. Structure of catalytic sites of wild-type FoF1
Magnified views of the three catalytic sites (βE, βTP, and βDP) in each structure are shown as
follows: (A) ND-wt-FoF1, (B) wt-FoF1 ε up form with ATPγS, (C) wt-FoF1 ε down form with
ATPγS, (D) ND-ΔCT-FoF1, and (E) US-ΔCT-FoF1. Cryo-electron microscopy maps are
represented as semi-translucent structures. Scale bar is 5 Å.
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Figure S5. Image acquisition and reconstitution of the 3D structure of wt-FoF1 under ATPγS
saturation condition
(A) Micrographs. (B) Workflow for cryo-electron microscopy (cryo-EM) single particle analysis
under ATPγS saturation condition. EM density maps of three states were combined and the F1 domain
was classified into ε-extended and ε-retracted forms. (C) 2D class-averaged images. (D) Cryo-EM
density map of ε-extended and ε-retracted F1 domains. The colors used to represent local resolution
are given in the key. (E) Fourier shell correlation (FSC) curves for ε-extended and ε-retracted F1
domains using FSC = 0.143 resolution criterion.
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Figure S6. Structure of down form of ε subunit with ATP in wt-FoF1
(A) Density map of ε subunit in F1 domain obtained under saturated ATPγS
condition. (B) Superposition of the crystal structure of retracted-ε subunit (gray, 
PDB:2E5Y) and the structure of retracted-ε in F1 domain obtained under 
saturated ATPγS condition. (C) Magnified view of ATP binding site of 
retracted-ε in F1 domain. ATP was represented as sticks.
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Figure S7. Image acquisition and reconstitution of the 3D structures of nucleotide-depleted 
(ND)-ΔεCT-FoF1 and Uni-Site (US)-ΔεCT-FoF1. 
(A) Micrographs. (B) Workflow for cryo-electron microscopy (cryo-EM) single particle analysis
under unisite conditions. (C) 2D class-averaged images. (D) Cryo-EM density map of ND-ΔεCT-
FoF1 and US-ΔεCT-FoF1. The colors used to represent local resolution are given in the key. (E)
Fourier shell correlation (FSC) curves for each of the three rotational states of FoF1 obtained from
the unisite condition using FSC = 0.143 for resolution criterion.



Figure S8. Structure comparison of US-ΔεCT-FoF1 (orange) and ND-wt-
FoF1(pink). (A) slice view of C terminal F1 domain. (B) Side view of βTP and γ
subunit. All subunits were represented as cylinders.
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Figure S9. Structure comparison of US-ΔεCT-FoF1 (colored) and ND-wt-
FoF1(gray) in C termini domain of both α and β subunits, and γ subunit.
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Figure S10. Coordination of nucleotides in the binding sites of wt-FoF1 e-retracted form 
with ATPγS. Left panels; binding sites of bTP (A) and bDP (B) in wt-FoF1 e-retracted form with 
ATPγS (drawn with colored atoms and bonds and blue main chain) Right panels; Schematic 
representations of the coordination of ATP group bound to the side chains, respectively. The 
distances between the atoms are shown in dotted lines. All distances are in Å. Two-dimensional 
diagram generated by Ligplot. 
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time 30 s 600 s 1000 s

wt-FoF1 11 s-1 41 s-1 51 s-1

ΔεCT-FoF1 49 s-1 107 s-1 130 s-1

Supplementary Table1. ATPase activity of wt-FoF1 and ΔεCT -
FoF1 at the indicated time after initiation of reaction. The activities 
of wild-type FoF1 and ΔεCT-FoF1 were measured using the enzyme 
coupling assay described in the Materials and Methods section.



Supplementary Table 2. Cryo-EM data collection, refinement and validation 
statistics for wt-ND FoF1. 



Supplementary Table 3. Cryo-EM data collection, refinement and validation 
statistics for wt-FoF1 obtained under 4 mΜ ATPγS condition. 



Supplementary Table 4. Cryo-EM data collection, refinement and validation 
statistics for ΔCT-FoF1 obtained under unisite.



Supplementary Table 5. Cryo-EM data collection, refinement and validation 
statistics ΔCT-FoF1 obtained under unisite condition.


