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Fig. S1. Comparison of the diffusion behavior between fluorescent phospholipid (RhB-DOPE)
and CellMask™ molecules in supported bilayer membranes. (a) Snapshot of single-molecule
tracking video; (b) PDF distribution of the diffusion coefficient (D,) values of individual
molecules. RhB-DOPE is represented by green, CellMask™ molecules are red, and their overlap
is orange. (c) Distribution of velocity autocorrelation function (6 = 4). The video was captured at
50 ms/frame, and the trajectory length used for analysis was 50 frames. The number of trajectories
for the two systems was 4800 and 4200 respectively, with data obtained from three parallel
samples.
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Fig. S2. Heterogeneity of individual lipid trajectories within model bilayer membranes containing
different components, namely pure DOPC, DOPC : Chol=4: 1, DOPC : Chol =1 : 1, and their
counterparts after cholesterol removal using MepCD. The four colors represent distinct diffusion
modes: confined diffusion, sub-diffusion, normal diffusion, and super-diffusion. Each panel
displays 80 representative trajectories (20 for each diffusion mode), spanning a trajectory length of
60 frames. The trajectories are horizontally shifted to be presented in a single image.
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Fig. S3. Identification and classification of individual lipid molecule diffusion trajectories within
each system using the "two-step classification method" and the typical trajectories and
corresponding time-averaged MSD curves for each diffusion mode, with 100 randomly selected
trajectories for each subgroup. (a) - (c) respectively represent the typical trajectories and
corresponding time-averaged MSD curves for three types of model membrane systems, namely
pure DOPC, DOPC . Chol =4 : 1,and DOPC : Chol =1 : 1 (untreated by MepCD).
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Fig. S4. Ensemble-averaged MSD profiles of molecular diffusion trajectories within each
sub-group. The trajectories have been identified and classified using the "two-step classification
method" for each system, with the corresponding number of trajectories listed in Table 1 of the
main text.
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Fig. S5. Ensemble-averaged MSD profiles of molecular diffusion trajectories in live cell
membranes, both before (red) and after (blue) MeBfCD treatment. The trajectories have been
identified and classified into three subgroups for each system using the "two-step classification
method,” namely confined diffusion, sub-diffusion, and normal diffusion. The corresponding

number of trajectories is listed in Table 2 of the main text.
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Fig. S6. PDF distribution of the displacement (in the x direction) of single-molecule diffusion
trajectories live cell membranes, both before (red) and after (blue) treatment with MeBCD. The
trajectories have been identified and classified into three subgroups for each system using the
"two-step classification method", namely confined diffusion, sub-diffusion, and normal diffusion.
The corresponding number of trajectories is listed in Table 2 of the main text. In panels (a) and (b),
the displacement length corresponds to one frame and five frames respectively. The blue arrows
are utilized to accentuate the alteration in the distribution profile induced by MeBCD treatment.
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