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Figure S1: Overexpression analysis of a-synuclein tagged with mEGFP. Related to Figures 1-2.
Top: Representative images from neuronal cultures expressing mEGFP-tagged a-synuclein (a-Syn). The
a-synuclein immunolabelling is shown in magenta, with PSD95 in yellow and the mEGFP signal in cyan.
Scale bar: 100 ym. Bottom: Box plots of fluorescence intensities from immunolabelled a-synuclein,
PSD95, mEGFP and synapse area (based on immunolabeling of the protein of interest) in neurons with
and without protein overexpression in mEGFP positive and mEGFP negative regions. Box plots are
comprised of the median (middle line), the 25th and 75th percentile (box edges), and the min and max
values (error bars). Asterisks represent statistical significance of p < 0.0001 after Kruskal-Wallis tests
followed by Dunn’s multiple testing procedure. See Figure S16 for higher zoom-in images.
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Figure S2: Overexpression analysis of amphiphysin tagged with mEGFP. Related to Figures 1-2.
Top: Representative images from neuronal cultures expressing mEGFP-tagged amphiphysin (Amp). The
amphiphysin immunolabelling is shown in magenta, with PSD95 in yellow and the mEGFP signal in cyan.
Scale bar: 100 um. Bottom: Box plots of fluorescence intensities from immunolabelled amphiphysin,
PSD95, mEGFP and synapse area (based on immunolabeling of the protein of interest) in neurons with
and without protein overexpression in mEGFP positive and mEGFP negative regions. Box plots are
comprised of the median (middle line), the 25th and 75th percentile (box edges), and the min and max
values (error bars). Asterisks represent statistical significance of p < 0.0001 after Kruskal-Wallis tests
followed by Dunn’s multiple testing procedure. See Figure S16 for higher zoom-in images.
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Figure S3: Overexpression analysis of calmodulin 1 tagged with mEGFP. Related to Figures 1-2.
Top: Representative images from neuronal cultures expressing mEGFP-tagged calmodulin 1 (Calm). The
calmodulin 1 immunolabelling is shown in magenta, with PSD95 in yellow and the mEGFP signal in cyan.
Scale bar: 100 yum. Bottom: Box plots of fluorescence intensities from immunolabelled calmodulin 1,
PSD95, mEGFP and synapse area (based on immunolabeling of the protein of interest) in neurons with
and without protein overexpression in mEGFP positive and mEGFP negative regions. Box plots are
comprised of the median (middle line), the 25th and 75th percentile (box edges), and the min and max
values (error bars). Asterisks represent statistical significance of p < 0.0001 after Kruskal-Wallis tests
followed by Dunn’s multiple testing procedure. See Figure S16 for higher zoom-in images.
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Figure S4: Overexpression analysis of doc2a tagged with mEGFP.Related to Figures 1-2.

Top: Representative images from neuronal cultures expressing mEGFP-tagged doc2a. The doc2a
immunolabelling is shown in magenta, with PSD95 in yellow and the mEGFP signal in cyan. Scale bar:
100 um. Bottom: Box plots of fluorescence intensities from immunolabelled doc2a, PSD95, mEGFP and
synapse area (based on immunolabeling of the protein of interest) in neurons with and without protein
overexpression in MEGFP positive and mEGFP negative regions. Box plots are comprised of the median
(middle line), the 25th and 75th percentile (box edges), and the min and max values (error bars). Asterisks
represent statistical significance of p < 0.0001 after Kruskal-Wallis tests followed by Dunn’s multiple
testing procedure. See Figure S16 for higher zoom-in images.
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Figure S5: Overexpression analysis of dynamin 1 tagged with mEGFP. Related to Figures 1-2.
Top: Representative images from neuronal cultures expressing mEGFP-tagged dynamin 1 (Dyn). The
dynamin 1 immunolabelling is shown in magenta, with PSD95 in yellow and the mEGFP signal in cyan.
Scale bar: 100 um. Bottom: Box plots of fluorescence intensities from immunolabelled dynamin 1,
PSD95, mEGFP and synapse area (based on immunolabeling of the protein of interest) in neurons with
and without protein overexpression in mEGFP positive and mEGFP negative regions. Box plots are
comprised of the median (middle line), the 25th and 75th percentile (box edges), and the min and max
values (error bars). Asterisks represent statistical significance of p < 0.0001 after Kruskal-Wallis tests
followed by Dunn’s multiple testing procedure. See Figure S16 for higher zoom-in images.
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Figure S6: Overexpression analysis of endophilin A1 tagged with mEGFP. Related to Figures 1-2.
Top: Representative images from neuronal cultures expressing mEGFP-tagged endophilin A1 (Endo).
The endophilin A1 immunolabelling is shown in magenta, with PSD95 in yellow and the mEGFP signal in
cyan. Scale bar: 100 um. Bottom: Box plots of fluorescence intensities from immunolabelled endophilin
A1, PSD95, mEGFP and synapse area (based on immunolabeling of the protein of interest) in neurons
with and without protein overexpression in mEGFP positive and mEGFP negative regions. Box plots are
comprised of the median (middle line), the 25th and 75th percentile (box edges), and the min and max
values (error bars). Asterisks represent statistical significance of p < 0.0001 after Kruskal-Wallis tests
followed by Dunn’s multiple testing procedure. See Figure S16 for higher zoom-in images.
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Figure S7: Scatter plots comparing molecular weight (Mw) with time constants (Tau) and immobile
fractions (I.F.) from all analyzed proteins in mushroom spines (A and D), stubby spines (B and E)
and dendritic shafts (C and F). Related to Figures 1-2. Symbols indicate mean + SEM. No significant

correlations were found, using two-tailed Spearman correlation tests and a Bonferroni correction for
mUltlple teSting. For Tau Pyushroom = 1, Pshat = 1, PStubby= 0.27. For I.F. Pyushroom = 1, Pshatt = 0.07, PSlubby=

0.33.
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Figure S8: Summary of results from FRAP experiments of a-synuclein tagged with mEGFP. Related
to Figure 2.
Top: Summary of a-synuclein characteristics, from left to right: molecular weight (Mw), category, mean
time constant in mushroom spines + SEM (Tauwyshroom), Mean time constant in stubby spines + SEM
(Tauswbby), Mean time constant in dendritic shafts + SEM (Taughat), mean immobile fraction in mushroom
spines = SEM (l.F.mushroom), Mean immobile fraction in stubby spines £ SEM (I.F.swony), mean immobile
fraction in dendritic shafts £ SEM (I.F.snatt). (A) Representative frames from mushroom spine (top), stubby
spine (middle) and dendritic shaft (bottom), during FRAP experiment. The first was acquired 1.7 s before
bleaching and the fluorescence recovery was monitored for 82 s in total, starting at 0.5 s after bleaching.
Presynapse is shown in magenta. Scale bar: 1 um. (B) FRAP curves from mushroom spines (green),
stubby spines (purple) and dendritic shafts (orange). The points on the curve show the mean normalized
fluorescent intensity and the shaded area indicates the £+ SEM. (C) Box plots of time constants (top) and
immobile fractions (bottom) in mushroom spines (green), stubby spines (purple) and dendritic shafts
(orange). Box plots are comprised of the median (middle line), the 25th and 75th percentile (box edges),
and the min and max values (error bars). Asterisks indicate significant differences after Kruskal-Wallis
tests followed by Dunn’s multiple testing procedure. a = 0.05. Nyyshroom = 18, Nstwoby = 9, Nshart = 16.
(D) Schematic representation of the tagged a-synuclein. The protein, linker and fluorescent tag size ratios
remain constant. The reference number of the mRNA sequence is shown as retrieved from Reshetniak et
al. (2020) [S1].



(continued) Kinetics comparisons:

Time constant in mushroom spines was significantly different from time constant in mushroom spines of
Endophilin A1 (p = 0.0382).

Immobile fraction in mushroom spines was significantly different from immobile fraction in mushroom
spines of Amphiphysin (p = 0.0141).

Time constant in stubby spines was significantly different from time constant in stubby spines of
Amphiphysin (p = 0.0051).

Immobile fraction in stubby spines was not significantly different from immobile fraction in stubby spines of
any other protein.

Time constant in dendritic shafts was not significantly different from time constant in dendritic shafts of any
other proteins.

Immobile fraction in dendritic shafts was not significantly different from immaobile fraction in dendritic shafts
of any other protein.

Time constant in mushroom spines was significantly different from time constant in pre-synapse (p =
0.0004).

Time constant in stubby spines was significantly different from time constant in pre-synapse (p = 0.0024).
Time constant in dendritic shaft was significantly different from time constant in pre-synapse (p = 0.0003).
Immobile fraction in mushroom spines was significantly different from immobile fraction in pre-synapse (p
=0.0237).

Immobile fraction in stubby spines was not significantly different from immobile fraction in any other
neuronal compartment.

Immobile fraction in dendritic shaft was not significantly different from immobile fraction in any other
neuronal compartment.

For statistics, the Kruskal-Wallis test with multiple comparisons and Dunn's correction was applied.
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Figure S9: Summary of results from FRAP experiments of amphiphysin tagged with mEGFP.
Related to Figure 2.
Top: Summary of amphiphysin characteristics, from left to right: molecular weight (Mw), category, mean
time constant in mushroom spines + SEM (Tauwyshroom), Mean time constant in stubby spines + SEM
(Tauswbby), Mean time constant in dendritic shafts + SEM (Taughat), mean immobile fraction in mushroom
spines = SEM (l.F.mushroom), mean immobile fraction in stubby spines + SEM (I.F.syony), mean immobile
fraction in dendritic shafts £ SEM (I.F.shatt). (A) Representative frames from mushroom spine (top), stubby
spine (middle) and dendritic shaft (bottom), during FRAP experiment. The first was acquired 1.7 s before
bleaching and the fluorescence recovery was monitored for 82 s in total, starting at 0.5 s after bleaching.
Presynapse is shown in magenta. Scale bar: 1 um. (B) FRAP curves from mushroom spines (green),
stubby spines (purple) and dendritic shafts (orange). The points on the curve show the mean normalized
fluorescent intensity and the shaded area indicates the £+ SEM. (C) Box plots of time constants (top) and
immobile fractions (bottom) in mushroom spines (green), stubby spines (purple) and dendritic shafts
(orange). Box plots are comprised of the median (middle line), the 25th and 75th percentile (box edges),
and the min and max values (error bars). Asterisks indicate significant differences after Kruskal-Wallis
tests followed by Dunn’s multiple testing procedure. a = 0.05. Nyyshroom = 13, Nstwsby = 12, Nspart = 14. (D)
Schematic representation of the tagged amphiphysin. The protein, linker and fluorescent tag size ratios
remain constant. The reference number of the mMRNA sequence is shown as retrieved from Reshetniak et
al. (2020) [S1].



(continued) Kinetics comparisons:

Time constant in mushroom spines was significantly different from time constant in mushroom spines of
Dynamin 1 (p = 0.0067) and Endophilin A1 (p = 0.0006).

Immobile fraction in mushroom spines was significantly different from immobile fraction in mushroom
spines of a-Synuclein (p = 0.0141), Calmodulin 1 (p = 0.0295), Dynamin 1 (p = 0.0202) and Endophilin A1
(p =0.0011).

Time constant in stubby spines was significantly different from time constant in stubby spines of a-
Synuclein (p = 0.0051), Calmodulin 1 (p = 0.0011) and mEGFP (p = 0.0027).

Immobile fraction in stubby spines was not significantly different from immobile fraction in stubby spines of
any other protein.

Time constant in dendritic shafts was not significantly different from time constant in dendritic shafts of any
other proteins.

Immobile fraction in dendritic shafts was significantly different from immobile fraction in dendritic shafts of
Calmodulin 1 (p = < 0.0001) and mEGFP (p = 0.0011).

Time constant in mushroom spines was significantly different from time constant in stubby spines (p =
0.0009) and pre-synapse (p < 0.0001).

Time constant in stubby spines was significantly different from time constant in mushroom spines (p =
0.0009) and dendritic shafts (p = 0.0016).

Time constant in dendritic shaft was significantly different from time constant in stubby spines (p = 0.0016)
and pre-synapse (p < 0.0001).

Immobile fraction in mushroom spines was significantly different from immobile fraction in stubby spines (p
=0.0145).

Immobile fraction in stubby spines was significantly different from immobile fraction in mushroom spines (p
= 0.0145) and dendritic shafts (p = 0.0103).

Immobile fraction in dendritic shaft was significantly different from immobile fraction in stubby spines (p =
0.0103).

For statistics, the Kruskal-Wallis test with multiple comparisons and Dunn's correction was applied.
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Figure $S10: Summary of results from FRAP experiments of calmodulin 1 tagged with mEGFP.
Related to Figure 2.
Top: Summary of calmodulin 1 characteristics, from left to right: molecular weight (Mw), category, mean
time constant in mushroom spines + SEM (Taumusnroom), Mean time constant in stubby spines + SEM
(Tauswbwy), Mean time constant in dendritic shafts + SEM (Taugha), mean immobile fraction in mushroom
spines = SEM (l.F.mushroom), mean immobile fraction in stubby spines £ SEM (I.F.swoby), mean immobile
fraction in dendritic shafts £ SEM (I.F.snatt). (A) Representative frames from mushroom spine (top), stubby
spine (middle) and dendritic shaft (bottom), during FRAP experiment. The first was acquired 1.7 s before
bleaching and the fluorescence recovery was monitored for 82 s in total, starting at 0.5 s after bleaching.
Presynapse is shown in magenta. Scale bar: 1 um. (B) FRAP curves from mushroom spines (green),
stubby spines (purple) and dendritic shafts (orange). The points on the curve show the mean normalized
fluorescent intensity and the shaded area indicates the £+ SEM. (C) Box plots of time constants (top) and
immobile fractions (bottom) in mushroom spines (green), stubby spines (purple) and dendritic shafts
(orange). Box plots are comprised of the median (middle line), the 25th and 75th percentile (box edges),
and the min and max values (error bars). Asterisks indicate significant differences after Kruskal-Wallis
tests followed by Dunn’s multiple testing procedure. a = 0.05. Nyyshroom = 20, Nstwsby = 11, Nspart = 20. (D)
Schematic representation of the tagged calmodulin 1. The protein, linker and fluorescent tag size ratios
remain constant. The reference number of the mMRNA sequence is shown as retrieved from Reshetniak et
al. (2020) [S1].



(continued) Kinetics comparisons:

Time constant in mushroom spines was significantly different from time constant in mushroom spines of
Dynamin 1 (p = 0.0116) and Endophilin A1 (p = 0.0011).

Immobile fraction in mushroom spines was significantly different from immobile fraction in mushroom
spines of Amphiphysin (p = 0.0295).

Time constant in stubby spines was significantly different from time constant in stubby spines of
Amphiphysin (p = 0.0011).

Immobile fraction in stubby spines was not significantly different from immobile fraction in stubby spines of
any other protein.

Time constant in dendritic shafts was not significantly different from time constant in dendritic shafts of any
other proteins.

Immobile fraction in dendritic shafts was significantly different from immobile fraction in dendritic shafts of
Amphiphysin (p < 0.0001) and Dynamin (p = 0.0019).

Time constant in mushroom spines was significantly different from time constant in dendritic shafts (p =
0.0115) and pre-synapse (p = 0.0221).

Time constant in stubby spines was not significantly different from time constant in any other neuronal
compartment.

Time constant in dendritic shaft was significantly different from time constant in mushroom spines (p =
0.0115).

Immobile fraction in mushroom spines was not significantly different from immobile fractions in any other
neuronal compartment.

Immobile fraction in stubby spines was significantly different from immobile fraction in dendritic shaft (p =
0.0026).

Immobile fraction in dendritic shaft was significantly different from immobile fraction in stubby spines (p =
0.0026), pre-synapse (p = 0.0006) and axon (p = 0.0149).

For statistics, the Kruskal-Wallis test with multiple comparisons and Dunn's correction was applied.
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Figure S11: Summary of results from FRAP experiments of doc2a tagged with mEGFP. Related to
Figure 2.
Top: Summary of doc2a characteristics, from left to right: molecular weight (Mw), category, mean time
constant in mushroom spines + SEM (Taumushreom), Mean time constant in stubby spines = SEM (Taususby),
mean time constant in dendritic shafts + SEM (Tauspat), mean immobile fraction in mushroom spines +
SEM (I.F.mushroom), Mean immobile fraction in stubby spines + SEM (I.F.swpy), mean immobile fraction in
dendritic shafts £ SEM (l.F.snant). (A) Representative frames from mushroom spine (top), stubby spine
(middle) and dendritic shaft (bottom), during FRAP experiment. The first was acquired 1.7 s before
bleaching and the fluorescence recovery was monitored for 82 s in total, starting at 0.5 s after bleaching.
Presynapse is shown in magenta. Scale bar: 1 um. (B) FRAP curves from mushroom spines (green),
stubby spines (purple) and dendritic shafts (orange). The points on the curve show the mean normalized
fluorescent intensity and the shaded area indicates the £ SEM. (C) Box plots of time constants (top) and
immobile fractions (bottom) in mushroom spines (green), stubby spines (purple) and dendritic shafts
(orange). Box plots are comprised of the median (middle line), the 25th and 75th percentile (box edges),
and the min and max values (error bars). Asterisks indicate significant differences after Kruskal-Wallis
tests followed by Dunn’s multiple testing procedure. a = 0.05. Nuushroom = 25, Nstwubby = 10, Ngpatt = 11. (D)
Schematic representation of the tagged doc2a. The protein, linker and fluorescent tag size ratios remain
constant. The reference number of the mRNA sequence is shown as retrieved from Reshetniak et al.
(2020) [S1].



(continued) Kinetics comparisons:

Time constant in mushroom spines was significantly different from time constant in mushroom spines of
Dynamin 1 (p = 0.0186) and Endophilin A1 (p = 0.0017).

Immobile fraction in mushroom spines was not significantly different from immobile fraction in mushroom
spines of any other protein.

Time constant in stubby spines was not significantly different from time constant in stubby spines of any
other protein.

Immobile fraction in stubby spines was not significantly different from immobile fraction in stubby spines of
any other protein.

Time constant in dendritic shafts was not significantly different from time constant in dendritic shafts of any
other proteins.

Immobile fraction in dendritic shafts was not significantly different from immobile fraction in dendritic shafts
of any other protein.

Time constant in mushroom spines was significantly different from time constant in pre-synapse (p =
0.0379).

Time constant in stubby spines was not significantly different from time constant in any other neuronal
compartment.

Time constant in dendritic shaft was not significantly different from time constant in any other neuronal
compartment.

Immobile fraction in mushroom spines was not significantly different from immobile fractions in any other
neuronal compartment.

Immobile fraction in stubby spines was not significantly different from immobile fractions in any other
neuronal compartment.

Immobile fraction in dendritic shaft was not significantly different from immobile fractions in any other
neuronal compartment.

For statistics, the Kruskal-Wallis test with multiple comparisons and Dunn's correction was applied.
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Figure S12: Summary of results from FRAP experiments of dynamin 1 tagged with mEGFP. Related

to Figure 2.

Top: Summary of dynamin 1 characteristics, from left to right: molecular weight (Mw), category, mean
time constant in mushroom spines + SEM (Taumushroom), Mean time constant in stubby spines + SEM
(Tauswbby), Mean time constant in dendritic shafts + SEM (Taughat), mean immobile fraction in mushroom
spines = SEM (l.F.mushroom), mean immobile fraction in stubby spines + SEM (I.F.swny), mean immobile
fraction in dendritic shafts £+ SEM (I.F.sha). (A) Representative frames from mushroom spine (top), stubby
spine (middle) and dendritic shaft (bottom), during FRAP experiment. The first was acquired 1.7 s before
bleaching and the fluorescence recovery was monitored for 82 s in total, starting at 0.5 s after bleaching.
Presynapse is shown in magenta. Scale bar: 1 um. (B) FRAP curves from mushroom spines (green),
stubby spines (purple) and dendritic shafts (orange). The points on the curve show the mean normalized
fluorescent intensity and the shaded area indicates the £+ SEM. (C) Box plots of time constants (top) and
immobile fractions (bottom) in mushroom spines (green), stubby spines (purple) and dendritic shafts
(orange). Box plots are comprised of the median (middle line), the 25th and 75th percentile (box edges),
and the min and max values (error bars). Asterisks indicate significant differences after Kruskal-Wallis
tests followed by Dunn’s multiple testing procedure. a = 0.05. Nyushroom = 20, Nstwupby = 11, Ngpatt = 25. (D)
Schematic representation of the tagged dynamin. The protein, linker and fluorescent tag size ratios remain
constant. The reference number of the mMRNA sequence is shown as retrieved from Reshetniak et al.

(2020) [S1].



(continued) Kinetics comparisons:

Time constant in mushroom spines was significantly different from time constant in mushroom spines of
Amphiphysin (p = 0.0067), Calmodulin 1 (p = 0.0116), Doc2a (p = 0.0186) and mEGFP (p < 0.0001).
Immobile fraction in mushroom spines was significantly different from immobile fraction in mushroom
spines of Amphiphysin (p = 0.0202).

Time constant in stubby spines was not significantly different from time constant in stubby spines of any
other protein.

Immobile fraction in stubby spines was not significantly different from immobile fraction in stubby spines of
any other protein.

Time constant in dendritic shafts was not significantly different from time constant in dendritic shafts of any
other proteins.

Immobile fraction in dendritic shafts was significantly different from immobile fraction in dendritic shafts of
Calmodulin 1 (p = 0.0019).

Time constant in mushroom spines was not significantly different from time constant in any other neuronal
compartment.

Time constant in stubby spines was significantly different from time constant in pre-synapse (p = 0.0011).
Time constant in dendritic shaft was significantly different from time constant in pre-synapse (p < 0.0001).
Immobile fraction in mushroom spines was not significantly different from immobile fractions in any other
neuronal compartment.

Immobile fraction in stubby spines was not significantly different from immobile fractions in any other
neuronal compartment.

Immobile fraction in dendritic shaft was not significantly different from immobile fractions in any other
neuronal compartment.

For statistics, the Kruskal-Wallis test with multiple comparisons and Dunn's correction was applied.
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Figure S13: Summary of results from FRAP experiments of endophilin A1 tagged with mEGFP.
Related to Figure 2.

Top: Summary of endophilin A1 characteristics, from left to right: molecular weight (Mw), category, mean
time constant in mushroom spines + SEM (Tauwmushroom), Mean time constant in stubby spines + SEM
(Tauswbby), Mean time constant in dendritic shafts + SEM (Taughat), mean immobile fraction in mushroom
spines + SEM (I.F.mushroom), Mean immobile fraction in stubby spines + SEM (I.F.swsby), mean immobile
fraction in dendritic shafts £ SEM (I.F.snart). (A) Representative frames from mushroom spine (top), stubby
spine (middle) and dendritic shaft (bottom), during FRAP experiment. The first was acquired 1.7 s before
bleaching and the fluorescence recovery was monitored for 82 s in total, starting at 0.5 s after bleaching.
Presynapse is shown in magenta. Scale bar: 1 ym. (B) FRAP curves from mushroom spines (green),
stubby spines (purple) and dendritic shafts (orange). The points on the curve show the mean normalized
fluorescent intensity and the shaded area indicates the £+ SEM. (C) Box plots of time constants (top) and
immobile fractions (bottom) in mushroom spines (green), stubby spines (purple) and dendritic shafts
(orange). Box plots are comprised of the median (middle line), the 25th and 75th percentile (box edges),
and the min and max values (error bars). Asterisks indicate significant differences after Kruskal-Wallis
tests followed by Dunn’s multiple testing procedure. a = 0.05. Nwmushroom = 11, Nswbby = 14, Nshat = 12. (D)
Schematic representation of the tagged endophilin A1. The protein, linker and fluorescent tag size ratios
remain constant. The reference number of the mMRNA sequence is shown as retrieved from Reshetniak et
al. (2020) [S1].



(continued) Kinetics comparisons:

Time constant in mushroom spines was significantly different from time constant in mushroom spines of a-
Synuclein (p = 0.0382), Amphiphysin (p = 0.0006), Calmodulin 1 (p = 0.0011), Doc2a (p = 0.0017) and
mEGFP (p = < 0.0001).

Immobile fraction in mushroom spines was significantly different from immobile fraction in mushroom
spines of Amphiphysin (p = 0.0011).

Time constant in stubby spines was not significantly different from time constant in stubby spines of any
other protein.

Immobile fraction in stubby spines was not significantly different from immobile fraction in stubby spines of
any other protein.

Time constant in dendritic shafts was not significantly different from time constant in dendritic shafts of any
other proteins.

Immobile fraction in dendritic shafts was not significantly different from immobile fraction in dendritic shafts
of any other protein.

Time constant in mushroom spines was significantly different from time constant in stubby spines (p =
0.0447), dendritic shafts (p < 0.0001) and axon (p < 0.0001).

Time constant in stubby spines was significantly different from time constant in mushroom spines (p =
0.0447).

Time constant in dendritic shaft was significantly different from time constant in mushroom spines (p <
0.0001) and in pre-synapse (p = 0.0002).

Immobile fraction in mushroom spines was significantly different from immobile fraction in stubby spines
(0.0032) and pre-synapse (p = 0.0022).

Immobile fraction in stubby spines was significantly different from immobile fraction in mushroom spines (p
=0.0032).

Immobile fraction in dendritic shaft was not significantly different from immobile fractions in any other
neuronal compartment.

For statistics, the Kruskal-Wallis test with multiple comparisons and Dunn's correction was applied.
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Figure S14: Summary of results from FRAP experiments of mEGFP. Related to Figure 2.

Top: Summary of mMEGFP characteristics, from left to right: molecular weight (Mw), category, mean time
constant in mushroom spines + SEM (Taumushreom), Mean time constant in stubby spines = SEM (Taususby),
mean time constant in dendritic shafts £+ SEM (Tauspat), mean immobile fraction in mushroom spines +
SEM (I.F.mushroom), Mean immobile fraction in stubby spines + SEM (I.F.swpby), mean immobile fraction in
dendritic shafts £ SEM (l.F.snant). (A) Representative frames from mushroom spine (top), stubby spine
(middle) and dendritic shaft (bottom), during FRAP experiment. The first was acquired 1.7 s before
bleaching and the fluorescence recovery was monitored for 82 s in total, starting at 0.5 s after bleaching.
Presynapse is shown in magenta. Scale bar: 1 um. (B) FRAP curves from mushroom spines (green),
stubby spines (purple) and dendritic shafts (orange). The points on the curve show the mean normalized
fluorescent intensity and the shaded area indicates the £+ SEM. (C) Box plots of time constants (top) and
immobile fractions (bottom) in mushroom spines (green), stubby spines (purple) and dendritic shafts
(orange). Box plots are comprised of the median (middle line), the 25th and 75th percentile (box edges),
and the min and max values (error bars). Asterisks indicate significant differences after Kruskal-Wallis
tests followed by Dunn’s multiple testing procedure. a = 0.05. Nwyushroom = 23, Nstubby = 12, Nghat = 19.
(D) Schematic representation of the mEGFP. The protein, linker and fluorescent tag size ratios remain
constant. The reference number of the mMRNA sequence is shown as retrieved from Reshetniak et al.
(2020) [S1].



(continued) Kinetics comparisons:

Time constant in mushroom spines was significantly different from time constant in mushroom spines of
Dynamin 1 (p = < 0.0001) and Endophilin A1 (p = < 0.0001).

Immobile fraction in mushroom spines was not significantly different from immobile fraction in mushroom
spines of any other protein.

Time constant in stubby spines was significantly different from time constant in stubby spines of
Amphiphysin (p = 0.0027).

Immobile fraction in stubby spines was not significantly different from immobile fraction in stubby spines of
any other protein.

Time constant in dendritic shafts was not significantly different from time constant in dendritic shafts of any
other proteins.

Immobile fraction in dendritic shafts was significantly different from immobile fraction in dendritic shafts of
Amphiphysin (p = 0.0011).

Time constant in mushroom spines was significantly different from time constant in dendritic shaft (p =
0.0013) and pre-synapse (p = 0.0071).

Time constant in stubby spines was not significantly different from time constants in any other neuronal
compartment.

Time constant in dendritic shaft was significantly different from time constant in mushroom spines (p =
0.0013).

Immobile fraction in mushroom spines was not significantly different from immobile fractions in any other
neuronal compartment.

Immobile fraction in stubby spines was not significantly different from immobile fractions in any other
neuronal compartment.

Immobile fraction in dendritic shaft was significantly different from immobile fractions in axons (p =
0.0458).

For statistics, the Kruskal-Wallis test with multiple comparisons and Dunn's correction was applied.
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Figure S15: Immobile fractions of the different proteins in three postsynaptic compartments.
Related to Figure 3.

(A-C) Box plots of immobile fractions (I.F.) in mushroom spines (A), stubby spines (B) and dendritic shafts
(C) of a-synuclein, amphiphysin, calmodulin, doc2a, dynamin, endophilin and mEGFP. Asterisks indicate
statistical significance after Kruskal-Wallis tests, followed by multiple comparisons with Dunn’s correction.
a = 0.05. (D-F) Immobile fractions (I.F.) of all analyzed proteins in mushroom spines and dendritic shafts
(D), in mushroom spines and stubby spines (E), in stubby spines and shafts (F). Symbols show mean %
SEM.
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Figure S16: Representative images from neuronal cultures expressing mEGFP-tagged protein of
interest. Related to STAR Methods. The protein of interest immunolabelling is shown in magenta, with
PSD95 in yellow and the mEGFP signal in cyan. Scale bar: 5 ym.
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Figure S17: Exemplary images for explaining the overexpression analysis process. Related to
STAR Methods.

Top: Original images used for the overexpression analysis, showing PSD95 (yellow), Calmodulin
immunostaining, Calm, (magenta) and mEGFP-tagged Calmodulin, mEGFP-Calm (cyan). Middle:
Relevant regions of interest (ROIs) for the overexpression analysis, in the form of PSD95-containing ROls
(white spots). These are generated by applying an empirically-derived threshold on the PSD95 image, in
an automatic fashion. The intensity of the Calmodulin immunostaining (magenta) and mEGFP (cyan) is
then measured in these ROIs, to measure the enhancement of the Calmodulin levels produced by the
expression of mMEGFP-Calmodulin. Bottom: Magnified delineated ROls. For the overexpression
quantification, Calmodulin immunostaining intensity was compared between mEGFP-positive and
mEGFP-negative ROIs. Scale bar: 2 ym.



Table S1. Validations of the antibodies used in this study. Related to STAR Methods.

Antibody Manufacturer Identifier Validation method Reference
FluoTag®-X2 anti- NanoTag N3702- ICC, validated, as a 521
PSD95 Biotechnologies, Ab580-L marker of postsynaptic
Gottingen, Germany sites, by analyzing the
signal localization and
correlation to other PSD
proteins
Anti-alpha/beta Synaptic Systems, 128 002 WB, ICC, IHC, EM 53,541
Synuclein rabbit Géttingen, Germany
polyclonal antibody
Anti-Amphiphysin rabbit | Synaptic Systems, 120 002 WB, ICC, IHC, EM (54,551
polyclonal antibody Goéttingen, Germany
Anti-Calmodulin rabbit | Novus Bioscience, | NB110- WB, ICC, IHC 4]
monoclonal antibody Wiesbaden- 55649
Nordenstadt,
Germany
Anti-Doc 2a/b rabbit Synaptic Systems, 174 203 WB, ICC, IHC (54,561
polyclonal antibody Goéttingen, Germany
Anti-Dynamin mouse BD Bioscience, 610245 WB, ICC, IHC =41
monoclonal antibody Heidelberg,
Germany
Anti-Endophilin 1 rabbit | Synaptic Systems, | 159 002 K.O. validated >
polyclonal antibody Gottingen, Germany
Anti-Synaptotagmin 1 Synaptic Systems, 105 311 ICC, uptake, IP, WB =610
mouse monoclonal Goéttingen, Germany
antibody - luminal
domain

Table S2: Shapiro-Wilk normality test results for time constants (Taus) and immobile fractions
(IFs) in different neuronal compartments for each protein of interest. Related to STAR Methods.

Shapiro-Wilk test Time constants (Taus) Immobile Fractions (IFs)
:;rtztreei:t of Area W P value Sig(’:if(if: 5n)ce W P value Si?:if(i)(‘:: ;)ce
Shaft 0,9277 | 0,2829 ns 0,8942 | 0,0931 ns
Amphiphysin | Mushroom | 0,9275 | 0,3155 ns 0,8565 | 0,0346 *
Stubby 0,9144 | 0,2429 ns 0,8884 | 0,1123 ns
Shaft 0,9209 | 0,1744 ns 0,9078 | 0,1071 ns
a-Synuclein Mushroom | 0,9604 | 0,6090 ns 0,9240 | 0,1520 ns
Stubby 0,7759 | 0,0108 * 0,7740 | 0,0103 *
Shaft 0,8987 | 0,0389 * 0,9557 | 0,4615 ns
Calmodulin Mushroom | 0,9261 | 0,1300 ns 0,9790 | 0,9201 ns
Stubby 0,8997 | 0,1834 ns 0,9337 | 0,4491 ns
Shaft 0,9362 | 0,4771 ns 0,9177 | 0,2996 ns
Doc2a Mushroom | 0,8196 | 0,0005 b 0,9575 | 0,3678 ns
Stubby 0,9488 | 0,6539 ns 0,9011 | 0,2254 ns
Dynamin Shaft 0,8880 | 0,0102 * 0,9238 | 0,0627 ns
Mushroom | 0,7682 | 0,0003 i 0,9607 | 0,5581 ns




Stubby 0,9035 | 0,2036 ns 0,8883 | 0,1324 ns
Shaft 0,9165 | 0,2580 ns 0,8598 | 0,0486 *
Endophilin Mushroom | 0,9068 | 0,2231 ns 0,8983 | 0,1760 ns
Stubby 0,9448 | 0,4830 ns 0,9435 | 0,4645 ns
Shaft 0,9267 | 0,1504 ns 0,9581 | 0,5353 ns
mEGFP Mushroom | 0,5421 | <0,0001 b 0,9781 | 0,8723 ns
Stubby 0,8934 | 0,1304 ns 0,9788 | 0,9783 ns
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