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Fig. S2. Histogram of TPPII particle number in each tomogram. Template matchings of 70 tomograms provide 93 particles of TPPII. In the dataset, 28 to-
mograms (40%) contain no TPPII particle (green), 13 tomograms (18.6%) contain one particle, 15 tomograms (21.4%) contain two particles, 7 tomograms
(10%) contain three particles, 6 tomograms (8.6%) contain four particles, and 1 tomogram (1.4%) contains five particles.
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Fig. S3. Workflow for alignments. ( A) Workflow of alignment processes for all particle alignments. ( B) Workflow of alignment processes after classification.
D2sym: Application of D2 symmetry; FRM, fast rotational matching, GS, gold standard; and RSA, real space alignment.
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Fig. S6. Raw result of classification with focusing mask and integration into two classes. After the classification into six classes, all models were aligned to the
class 1 model. According to the size of each model, classes 1, 4, 5, and 6 are integrated as a TPPII 36-mer. Classes 2 and 3 are integrated as a TPPII 32-mer.
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Fig. S8. Relation between occupiable volume (protein density) and distance distribution. ( Left column) Examples of a mask with volume reduction. (Second
from Left column) All plots from 1,000 times simulation (red). ( Middle column) Zoomed area indicated by green dashed lines in second from Left column. Inset
indicates P values at the first three bins. (Second from Right column) Mean and error bar of SD (red). Error bars of SD indicate ±3� range. Blue lines in his-
tograms are measured distances. ( Right column) Zoomed area indicated by green dashed lines in second from Right column. Mask reduction rate in each row is
0, 6, 10, 20, and 30% from Top to Bottom, respectively. Black arrow indicates the best match between measured and simulated distances. Black frame indicates
the mask reduction rate that is used for further analysis.
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Fig. S9. Examples of TPPII and 26S proteasome pairs. The panels show several examples of TPPII and 26S proteasome pairs in near distance, middle distance,
and far distance. Red arrows indicate TPPII. Black arrows indicate 26S proteasome. (Scale bar, 100 nm.)
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