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Rat hippocampal cultures were immunostained for the he protein of interest 
(red, STED) , the PSD marker Homer1 (blue, confocal), and the membrane was 
stained using DiO (green, confocal). Representative images for both classes are 
shown. The heatmap represents the average distribution of the protein of interest, 
obtained by aligning and averaging many spines of each class. The used colorm-
ap is inferno. The green outline represents the average membrane border of the 
spine, the blue circle the average position of the PSD. Scale bar is 500 nm for all 
images

To quantify the protein localization and to make it comparable between the two class-
es, we defined corresponding functional zones (see Fig. S5). The fluorescence intensity 
was summed for each zone and normalized to the size of the zone. Then the fold dif-
ference to an average protein localization was calculated. The average protein localiza-
tion was obtained using all proteins in this study.

Rat hippocampal were immunostained 
against the protein of interest (red) and 
the PSD marker Homer1 (blue), and 
imaged in epifluorescence to obtain the 
proportion of protein located in den-
dritic spines. A representative image is 
shown. Scale bar is 5 µm.

The average distribution 
of the protein of interest 
is shown as a heatmap, 
obtained by aligning and 
averaging many spines of 
each class. The colormap 
is inferno, the green out-
line represents the aver-
age membrane border of 
the spine, the blue circle 
the average position of 
the PSD. Scale bar is 500 
nm.

Protein name (Synonyms, Genename, Uniprot ID)
Known function: determined from literature
Known organization: determined from literature
Known Interactions: Only interactions with other proteins from this dataset are considered.

Whole cell copy 
number Mean  ± SEM

Spine copy 
number Mean  ± SEM

Function Determined from literature

Mushroom Stubby
Spine copy 

number Mean  ± SEM Mean  ± SEM

% of total protein Mean  ± SEM Mean  ± SEM
Molarity (µM) Mean  ± SEM Mean  ± SEM

PSD copy number Mean  ± SEM Mean  ± SEM

% in PSD Mean  ± SEM Mean  ± SEM



Model of the average mushroom spine indicating the spatial organization of the protein of interest. The PSD 
is highlighted in red.

A zoom into the PSD of the mushroom model, which is 
highlighted in red.

A zoom into the neck of the mushroom model.

Several parameters were measured for each individual spine. The distribution is 
presented as a violin plot, the thick line indicates the median, the dotted lines upper 
and lower quartiles.
Enrichment head: The fluorescence signal within the head is calculated and com-
pared to the fluorescence signal in the shaft.
Enrichment PSD: The fluorescence signal in the PSD was calculated and compared 
to the fluorescence signal in the shaft.
Nearest neighbor: For each protein spot the closest distance to the next spot of the 
protein of interest.
Distance to PSD: The shortest distance of every spot to the PSD.
Eccentricity: The position of all spots in the head is determined on the top-bottom 
axis and normalized. The top of the head is 1, the bottom is -1.
Laterality: The position of all spots in the head is determined on the lateral/center 
axis is determined. The center of the spine is 0, 1 is most left/right position.

For each spine class the 
correlation between 
the protein of interest 
signal with Homer1 
signal was calculated. 
The color intensity 
represents the value.
A solid border indi-
cates a significant cor-
relation, a grey border 
is non-significant. See 
also Fig. 5.

Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom Mean  ± SEM Mean  ± SEM Mean  ± SEM Mean  ± SEM
Stubby Mean  ± SEM Mean  ± SEM Mean  ± SEM Mean  ± SEM

Molecular 
structure of 
the protein 
of interest



Model of the average stubby spine indicating the spatial organization of the protein of interest. The PSD is 
highlighted in red.

A zoom into the PSD of the stubby model, which is high-
lighted in red.

A zoom into the interior of the mushroom 
model. The organelle on the left is the ER.

References
List of primary antibodies used for this protein. 	 PDB Identifier: Used to extract the protein structure
Literature:  
A list of references used to additionally determine the appropriate organization, localization and function of 
the protein of interest.

Molecular 
structure of 
the protein 
of interest

Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom Mean  ± SEM Mean  ± SEM Mean  ± SEM Mean  ± SEM
Stubby Mean  ± SEM Mean  ± SEM Mean  ± SEM Mean  ± SEM



Actin (Genes: Actg1, Actb, Actc1, Uniprot ID: P63259, P60711, P68035)
Known function: Shapes spine morphology, serves as scaffold for transport
Known organization: Cytosolic, forms filaments, rings in neck and shaft
Known Interactions: β-2-spectrin

M
us

hr
oo

m
St

ub
by

AverageOverlayDiO and Homer Actin

Whole cell copy 
number

481057719.6
 ± 45433802.4

Spine copy 
number

213638.4
 ± 331711.4

Function Cytoskeleton

Mushroom Stubby
Spine copy 

number
241916.1
± 35908.8

185822.6 
± 27582.6

% of total protein 49.3 ± 7.3% 32.6 ± 4.8%
Molarity (µM) 3072.4 ± 456.0 1756.2 ± 260.7

PSD copy number 95755  
± 14213.4

69304
± 10287.1

% in PSD 39.6 ± 5.9% 37.3 ± 37.3
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R² = 0.27
p < 0.05

R² = 0.18
p < 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 241916.1 ± 35908.8 49.3 ± 7.3% 3072.4 ± 456.0 95755 ± 14213.4
Stubby 185822.6 ± 27582.6 32.6 ± 4.8% 1756.2 ± 260.7 69304 ± 10287.1
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 241916.1 ± 35908.8 49.3 ± 7.3% 3072.4 ± 456.0 95755 ± 14213.4
Stubby 185822.6 ± 27582.6 32.6 ± 4.8% 1756.2 ± 260.7 69304 ± 10287.1



ADAM22 (Gene: Adam22, Uniprot ID: M0R5P8)
Known function: Catalytically inactive metalloprotease, Involved in cell adhesion, Regulation of AMPAR, 
Kv1 channels and PSD95
Known organization: Transmembrane protein, On PM
Known Interactions: Kv1.1, PSD95, AMPA receptors
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Whole cell copy 
number

89590.0
 ± 18537.6

Spine copy 
number 6.1 ± 2.8

Function Signaling

Mushroom Stubby
Spine copy 

number 5.2 ± 2.4 7.5 ± 3.4

% of total protein 0.0 ± 0.0% 0.0 ± 0.0%
Molarity (µM) 0.1 ± 0.0 0.1 ± 0.0

PSD copy number 1 ± 0.5 0 ± 0.0

% in PSD 19.1 ± 8.7% 0.0 ± 0.0%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 5.2 ± 2.4 0.0 ± 0.0% 0.1 ± 0.0 1 ± 0.5
Stubby 7.5 ± 3.4 0.0 ± 0.0% 0.1 ± 0.0 0 ± 0.0

R² = 0.05
p > 0.05

R² = 0.03
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 5.2 ± 2.4 0.0 ± 0.0% 0.1 ± 0.0 1 ± 0.5
Stubby 7.5 ± 3.4 0.0 ± 0.0% 0.1 ± 0.0 0 ± 0.0



α-Internexin (Gene: Ina , Uniprot ID: P23565)
Known function: Part of the neurofilament filament
Known organization: Cytosolic
Known Interactions: Neurofilaments, Tubulins
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Whole cell copy 
number

12483426.0
 ± 1142313.6

Spine copy 
number 648.1 ± 722.3

Function Cytoskeleton

Mushroom Stubby
Spine copy 

number 660.1 ± 735.6 469.1 ± 522.8

% of total protein 0.2 ± 0.2% 0.1 ± 0.1%
Molarity (µM) 8.4 ± 9.3 4.4 ± 4.9

PSD copy number 34 ± 37.9 18 ± 20.1

% in PSD 5.2 ± 5.7% 3.8 ± 3.8%



Eccentricity
Top of head

Center of head

Bottom of head

0

2

4

6
Enrichment PSD

Fo
ld

ov
er

sh
af

t

Laterality

Center of head

left/right of head

0
1000
2000
3000
4000
5000

Distance to PSD

(n
m

)

0

1

2

3

4
Enrichment Head

Fo
ld

ov
er

sh
af

t

0

500

1000

1500
Nearest neighbor

(n
m

)

Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 660.1 ± 735.6 0.2 ± 0.2% 8.4 ± 9.3 34 ± 37.9
Stubby 469.1 ± 522.8 0.1 ± 0.1% 4.4 ± 4.9 18 ± 20.1

R² = 0.06
p > 0.05

R² = 0.41
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 660.1 ± 735.6 0.2 ± 0.2% 8.4 ± 9.3 34 ± 37.9
Stubby 469.1 ± 522.8 0.1 ± 0.1% 4.4 ± 4.9 18 ± 20.1



pan-Akt (PKB, Genes: Akt1, Akt2, Akt3, Uniprot ID: P47196, P47196, P47196)
Known function: Mediates PI3-K signaling, Activates nNOS, Regulates AMPAR expression, Is activated 
by NMDA receptors
Known organization: Cytosolic
Known Interactions: nNOS
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Whole cell copy 
number

395481.9
 ± 58959.4

Spine copy 
number 24.2 ± 11.0

Function Signaling

Mushroom Stubby
Spine copy 

number 22.6 ± 10.3 22.3 ± 10.2

% of total protein 0.0 ± 0.0% 0.0 ± 0.0%
Molarity (µM) 0.3 ± 0.1 0.2 ± 0.1

PSD copy number 5 ± 2.3 0 ± 0.0

% in PSD 22.2 ± 10.1% 0.0 ± 0.0%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 22.6 ± 10.3 0.0 ± 0.0% 0.3 ± 0.1 5 ± 2.3
Stubby 22.3 ± 10.2 0.0 ± 0.0% 0.2 ± 0.1 0 ± 0.0

R² = 0.23
p < 0.05

R² = 0.24
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 22.6 ± 10.3 0.0 ± 0.0% 0.3 ± 0.1 5 ± 2.3
Stubby 22.3 ± 10.2 0.0 ± 0.0% 0.2 ± 0.1 0 ± 0.0



α/β-SNAP (Genes: Napa and Napb, Uniprot ID: P54921 and P85969)
Known function: Bring SNARE complexes to NSF for disassembly
Known organization: Cytosolic
Known Interactions: SNARE complexes of different compositions, NSF
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Whole cell copy 
number

9929012.8
 ± 386529.3

Spine copy 
number 2076.6 ± 354.0

Function SNAREs and assoc. proteins

Mushroom Stubby
Spine copy 

number 1948.9 ± 332.2 2351.8 ± 400.9

% of total protein 0.3 ± 0.1% 0.3 ± 0.1%
Molarity (µM) 24.8 ± 4.2 22.2 ± 3.8

PSD copy number 498 ± 84.9 461 ± 78.6

% in PSD 25.6 ± 4.4% 19.6 ± 3.3%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 1948.9 ± 332.2 0.3 ± 0.1% 24.8 ± 4.2 498 ± 84.9
Stubby 2351.8 ± 400.9 0.3 ± 0.1% 22.2 ± 3.8 461 ± 78.6

R² = 0.44
p < 0.05

R² = 0.03
p < 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 1948.9 ± 332.2 0.3 ± 0.1% 24.8 ± 4.2 498 ± 84.9
Stubby 2351.8 ± 400.9 0.3 ± 0.1% 22.2 ± 3.8 461 ± 78.6



AP180 (Gene: Snap91, Uniprot ID: Q05140)
Known function: Initiation of clathrin coat formation, AMPAR endocytosis
Known organization: Cytosolic or membrane-associated
Known Interactions: Clathrin
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Whole cell copy 
number

195342.7
 ± 99496.9

Spine copy 
number 15.1 ± 10.0

Function Exo-/Endocytosis cofactors

Mushroom Stubby
Spine copy 

number 14.1 ± 9.3 15.0 ± 9.9

% of total protein 0.0 ± 0.0% 0.0 ± 0.0%
Molarity (µM) 0.2 ± 0.1 0.1 ± 0.1

PSD copy number 0 ± 0.0 2 ± 1.3

% in PSD 0.0 ± 0.0% 13.3 ± 8.8%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 14.1 ± 9.3 0.0 ± 0.0% 0.2 ± 0.1 0 ± 0.0
Stubby 15.0 ± 9.9 0.0 ± 0.0% 0.1 ± 0.1 2 ± 1.3

R² = 0.25
p < 0.05

R² = 0.28
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 14.1 ± 9.3 0.0 ± 0.0% 0.2 ± 0.1 0 ± 0.0
Stubby 15.0 ± 9.9 0.0 ± 0.0% 0.1 ± 0.1 2 ± 1.3



APP (Gene: App, Uniprot ID: P08592)
Known function: Exact function unknown, involved in neurite growth and LTP, Precursor protein of Aβ, the 
hallmark of Alzheimer‘s disease
Known organization: Transmembrane protein, Also secreted to extracellular matrix
Known Interactions: None
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Whole cell copy 
number

769809.8
 ± 74017.4

Spine copy 
number 121.2 ± 29.9

Function Signaling

Mushroom Stubby
Spine copy 

number 87.5 ± 21.6 152.2 ± 37.6

% of total protein 0.0 ± 0.0% 0.1 ± 0.0%
Molarity (µM) 1.1 ± 0.3 1.4 ± 0.4

PSD copy number 4 ± 1.0 4 ± 1.0

% in PSD 4.6 ± 1.1% 2.6 ± 0.6%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 87.5 ± 21.6 0.0 ± 0.0% 1.1 ± 0.3 4 ± 1.0
Stubby 152.2 ± 37.6 0.1 ± 0.0% 1.4 ± 0.4 4 ± 1.0

R² = 0.42
p < 0.05

R² = 0.38
p < 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 87.5 ± 21.6 0.0 ± 0.0% 1.1 ± 0.3 4 ± 1.0
Stubby 152.2 ± 37.6 0.1 ± 0.0% 1.4 ± 0.4 4 ± 1.0



Arc (Arg1.3, Gene: Arc, Uniprot ID: Q63053)
Known function: master regulator of synaptic plasticity, required for LTP, also involved in LTD and ho-
meostatic plasticity, facilitates GluR1 endocytosis, regulates actin polymerization
Known organization: Transported to activated synapses, can selfassemble into virion-like capsids
Known Interactions: CamKII, Drebrin, Dynamin2, GluN2A, GluN2B, GluR1, PSD95
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Whole cell copy 
number

23101133.8 ± 6022734.4
(extrapolated)

Spine copy 
number 3291.3 (from literature)

Function Signaling

Mushroom Stubby
Spine copy 

number 2885.4 3549.6

% of total protein 0.6% 0.7%
Molarity (µM) 36.6 33.5

PSD copy number 543 536

% in PSD 18.8% 15.1%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 2885.4 0.6% 36.6 543
Stubby 3549.6 0.7% 33.5 536

R² = 0.09
p < 0.05

R² = 0.08
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 2885.4 0.6% 36.6 543
Stubby 3549.6 0.7% 33.5 536



BDNF (Gene: Bdnf, Uniprot ID: P23363)
Known function: Important neurotrophin, Involved in neuronal growth and plasticity
Known organization: In ER and secretory granules
Known Interactions: TrkB, LNGFR

M
us

hr
oo

m
St

ub
by

AverageOverlayDiO and Homer BDNF

PSD
ce

nte
r

PSD
ce

ntr
al

are
a

PSD
ou

ter
are

a

La
ter

al
pe

ris
yn

ap
tic

Upp
er

pe
ris

yn
ap

tic

Top
pe

ris
yn

ap
tic

Hea
d lat

era
l m

em
bra

ne

Hea
d low

er
lat

era
l c

yto
so

l

Mem
bra

ne
low

er
he

ad

Lo
wer

he
ad

ce
ntr

al
cy

tos
ol

Nec
k lat

era
l c

yto
so

l

Nec
k ce

ntr
al

cy
tos

ol

Nec
k bo

tto
m

mem
bra

ne

Nec
k roo

t c
yto

so
l

Sha
ft b

as
e cy

tos
ol

-1.0

-0.5

0.0

0.5

1.0
Zone enrichment mushroom

Fo
ld

di
ffe

re
nc

e
to

to
ta

lp
ro

te
in

PSD
ce

nte
r

PSD
ce

ntr
al

are
a

PSD
ou

ter
are

a

La
ter

al
pe

ris
yn

ap
tic

Prox
im

al
pe

ris
yn

ap
tic

Dist
al

pe
ris

yn
ap

tic

Firs
t c

irc
ula

r zo
ne

Sec
on

d cir
cu

lar
zo

ne

Thir
d cir

cu
lar

zo
ne

Fou
rth

cir
cu

lar
zo

ne

Fifth
cir

cu
lar

zo
ne

-0.4

-0.2

0.0

0.2

0.4
Zone enrichment stubby

Fo
ld

di
ffe

re
nc

e
to

to
ta

lp
ro

te
in

Whole cell copy 
number

316783.2
 ± 67934.0

Spine copy 
number 70.9 ± 18.2

Function Signaling

Mushroom Stubby
Spine copy 

number 52.9 ± 13.6 100.8 ± 25.9

% of total protein 0.0 ± 0.0% 0.0 ± 0.0%
Molarity (µM) 0.7 ± 0.2 1.0 ± 0.2

PSD copy number 0 ± 0.0 0 ± 0.0

% in PSD 0.0 ± 0.0% 0.0 ± 0.0%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 52.9 ± 13.6 0.0 ± 0.0% 0.7 ± 0.2 0 ± 0.0
Stubby 100.8 ± 25.9 0.0 ± 0.0% 1.0 ± 0.2 0 ± 0.0

R² = 0.35
p < 0.05

R² = 0.19
p < 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 52.9 ± 13.6 0.0 ± 0.0% 0.7 ± 0.2 0 ± 0.0
Stubby 100.8 ± 25.9 0.0 ± 0.0% 1.0 ± 0.2 0 ± 0.0



β-2-spectrin (β-3-spectrin, Gene: Sptnb2, Uniprot ID: Q9QWN8)
Known function: Acts as spacer for actin rings
Known organization: Cytosolic
Known Interactions: Actin
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Whole cell copy 
number

198535936.9 ± 293727058.6
(extrapolated)

Spine copy 
number 5591.1 ± 3922.8

Function Cytoskeleton

Mushroom Stubby
Spine copy 

number
4937.4  

± 3464.2
6899.0

 ± 4840.5
% of total protein 6.5 ± 4.6% 7.8 ± 5.5%

Molarity (µM) 62.7 ± 44.0 65.2 ± 0.2

PSD copy number 354 ± 248.4 751 ± 526.9

% in PSD 7.2 ± 5.0% 10.9 ± 7.6%



Eccentricity
Top of head

Center of head

Bottom of head

0

2

4

6

8
Enrichment PSD

Fo
ld

ov
er

sh
af

t

Laterality

Center of head

left/right of head

0
1000
2000
3000
4000
5000

Distance to PSD

(n
m

)

0

2

4

6
Enrichment Head

Fo
ld

ov
er

sh
af

t

0

500

1000

1500
Nearest neighbor

(n
m

)

Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 4937.4 ± 3464.2 6.5 ± 4.6% 62.7 ± 44.0 354 ± 248.4
Stubby 6899.0 ± 4840.5 7.8 ± 5.5% 65.2 ± 0.2 751 ± 526.9

R² = 0.02
p > 0.05

R² = 0.07
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 4937.4 ± 3464.2 6.5 ± 4.6% 62.7 ± 44.0 354 ± 248.4
Stubby 6899.0 ± 4840.5 7.8 ± 5.5% 65.2 ± 0.2 751 ± 526.9



β-3-tubulin (Gene: Tubb3, Uniprot ID: Q4QRB4)
Known function: Forms microtubules
Known organization: Cytosolic, Forms hollow microtubule, Neuron specific
Known Interactions: α-tubulins, α-internexin
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Whole cell copy 
number

57157820.0
 ± 3311132.0

Spine copy 
number not present

Function Cytoskeleton

Mushroom Stubby
Spine copy 

number not present not present

% of total protein not present not present
Molarity (µM) not present not present

PSD copy number not present not present

% in PSD not present not present
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom not present not present not present not present
Stubby not present not present not present not present

R² = 0.01
p > 0.05

R² = 0.02
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom not present not present not present not present
Stubby not present not present not present not present



pan-β-tubulin (Genes: Tubb1, Tubb2a, Tubb2b, Tubb3, Tubb4a, Tubb4b, Tubb5, 
Tubb6, Uniprot IDs: M0R8B6, P85108, Q3KRE8, Q4QRB4, B4F7C2, Q6P9T8, P69897, 

Q4QQV0)
Known function: Forms microtubules. Known organization: Cytosolic, Forms hollow microtubule
Known Interactions: α-tubulins, α-internexin
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Whole cell copy 
number 669979114.3 ± 8363767.6

Spine copy 
number 54900.4 ± 22979.8

Function Cytoskeleton

Mushroom Stubby
Spine copy 

number
42095.1 

± 17619.8
75104.1

 ± 31436.5
% of total protein 10.5 ± 4.4% 16.2 ± 6.8%

Molarity (µM) 534.6 ± 223.8 709.8 ± 297.1

PSD copy number 4317 ± 1807.0 6460 ± 2704.0

% in PSD 10.3 ± 4.3% 8.6 ± 3.6%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 42095.1 ± 17619.8 10.5 ± 4.4% 534.6 ± 223.8 4317 ± 1807.0
Stubby 75104.1 ± 31436.5 16.2 ± 6.8% 709.8 ± 297.1 6460 ± 2704.0

R² = 0.08
p > 0.05

R² = 0.07
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 42095.1 ± 17619.8 10.5 ± 4.4% 534.6 ± 223.8 4317 ± 1807.0
Stubby 75104.1 ± 31436.5 16.2 ± 6.8% 709.8 ± 297.1 6460 ± 2704.0



Calbindin-D28K (Gene: Calb1, Uniprot ID: P07171)
Known function: Calcium buffer, Only found in a subset of hippocampal neurons
Known organization: Cytosolic
Known Interactions: None
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Whole cell copy 
number 5458926.1 ± 584718.7

Spine copy 
number 785.1 ± 190.9

Function Signaling

Mushroom Stubby
Spine copy 

number 685.3 ± 166.6 959.0 ± 233.2

% of total protein 0.1 ± 0.0% 0.1 ± 0.0%
Molarity (µM) 8.7 ± 2.1 9.1 ± 2.2

PSD copy number 138 ± 33.6 246 ± 59.8

% in PSD 20.1 ± 4.9% 25.7 ± 6.2%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 685.3 ± 166.6 0.1 ± 0.0% 8.7 ± 2.1 138 ± 33.6
Stubby 959.0 ± 233.2 0.1 ± 0.0% 9.1 ± 2.2 246 ± 59.8

R² = 0.13
p > 0.05

R² = 0.03
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 685.3 ± 166.6 0.1 ± 0.0% 8.7 ± 2.1 138 ± 33.6
Stubby 959.0 ± 233.2 0.1 ± 0.0% 9.1 ± 2.2 246 ± 59.8



Calcineurin (Protein Phosphatase 2B, Gene: Ppp3ca, Uniprot ID: P63329)
Known function: Serine/Threonin Phosphatase, important for LTD
Known organization: Close to PSD, Anchored to PSD95 and PSD93
Known Interactions: actin, AMPA receptors, calcium channels, Dynamin1, NMDA receptors, nNOS, tubu-
lins
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Whole cell copy 
number 9397256.7 ± 917478.0

Spine copy 
number 5086.7 ± 660.3

Function Signaling

Mushroom Stubby
Spine copy 

number 5205.0 ± 675.6 5090.3 ± 660.7

% of total protein 1.5 ± 0.2% 1.2 ± 0.2%
Molarity (µM) 66.1 ± 8.6 48.1 ± 6.2

PSD copy number 1920 ± 249.2 1797 ± 233.3

% in PSD 36.9 ± 4.8% 35.3 ± 4.6%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 5205.0 ± 675.6 1.5 ± 0.2% 66.1 ± 8.6 1920 ± 249.2
Stubby 5090.3 ± 660.7 1.2 ± 0.2% 48.1 ± 6.2 1797 ± 233.3

R² = 0.22
p < 0.05

R² = 0.26
p < 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 5205.0 ± 675.6 1.5 ± 0.2% 66.1 ± 8.6 1920 ± 249.2
Stubby 5090.3 ± 660.7 1.2 ± 0.2% 48.1 ± 6.2 1797 ± 233.3



Calmodulin (Gene: Calm, Uniprot ID: P0DP29)
Known function: Important calcium binding protein, Regulates over 100 target proteins.
Known organization: Cytosolic. Also membrane-attached via interaction with neurogranin
Known Interactions: CaMKII, Calcineurin, Calcium channels, nNOS, PSD95
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Whole cell copy 
number 287210966.5 ± 61193722.7

Spine copy 
number 36712.8 ± 17167.3

Function Signaling

Mushroom Stubby
Spine copy 

number
32696.6  

± 15289.2
39629.3

± 18531.0
% of total protein 2.7 ± 1.3% 2.8 ± 1.3%

Molarity (µM) 415.2 ± 194.2 374.5 ± 175.1

PSD copy number 6188 ± 2893.6 4793 ± 2241.3

% in PSD 18.9 ± 8.8% 12.1 ± 5.7%



Eccentricity
Top of head

Center of head

Bottom of head

0

5

10

15
Enrichment PSD

Fo
ld

ov
er

sh
af

t

Laterality

Center of head

left/right of head

0

1000

2000

3000

4000
Distance to PSD

(n
m

)

0

2

4

6
Enrichment Head

Fo
ld

ov
er

sh
af

t

0

500

1000

1500
Nearest neighbor

(n
m

)

Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 32696.6 ± 15289.2 2.7 ± 1.3% 415.2 ± 194.2 6188 ± 2893.6
Stubby 39629.3 ± 18531.0 2.8 ± 1.3% 374.5 ± 175.1 4793 ± 2241.3

R² = 0.07
p > 0.05

R² = 0.04
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 32696.6 ± 15289.2 2.7 ± 1.3% 415.2 ± 194.2 6188 ± 2893.6
Stubby 39629.3 ± 18531.0 2.8 ± 1.3% 374.5 ± 175.1 4793 ± 2241.3



Calreticulin (CALBP, Gene: Calr, Uniprot ID: P18418)
Known function: ER resident chaperone, Calcium buffer
Known organization: ER lumen
Known Interactions: None
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Whole cell copy 
number 24658920.2 ± 2226817.7

Spine copy 
number 2222.9 ± 673.6

Function Organelles

Mushroom Stubby
Spine copy 

number 1479.3 ± 448.3 3126.5 ± 947.4

% of total protein 0.3 ± 0.1% 0.6 ± 0.2%
Molarity (µM) 18.8 ± 5.7 29.5 ± 9.0

PSD copy number 0 ± 0.0 0 ± 0.0

% in PSD 0.0 ± 0.0% 0.0 ± 0.0%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 1479.3 ± 448.3 0.3 ± 0.1% 18.8 ± 5.7 0 ± 0.0
Stubby 3126.5 ± 947.4 0.6 ± 0.2% 29.5 ± 9.0 0 ± 0.0

R² = 0.26
p < 0.05

R² = 0.08
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 1479.3 ± 448.3 0.3 ± 0.1% 18.8 ± 5.7 0 ± 0.0
Stubby 3126.5 ± 947.4 0.6 ± 0.2% 29.5 ± 9.0 0 ± 0.0



Calretinin (Gene: Calb2, Uniprot ID: P47728)
Known function: Calcium binding protein
Known organization: Cytosolic
Known Interactions: Cav2.1

M
us

hr
oo

m
St

ub
by

AverageOverlayDiO and Homer Calretinin

PSD
ce

nte
r

PSD
ce

ntr
al

are
a

PSD
ou

ter
are

a

La
ter

al
pe

ris
yn

ap
tic

Upp
er

pe
ris

yn
ap

tic

Top
pe

ris
yn

ap
tic

Hea
d lat

era
l m

em
bra

ne

Hea
d low

er
lat

era
l c

yto
so

l

Mem
bra

ne
low

er
he

ad

Lo
wer

he
ad

ce
ntr

al
cy

tos
ol

Nec
k lat

era
l c

yto
so

l

Nec
k ce

ntr
al

cy
tos

ol

Nec
k bo

tto
m

mem
bra

ne

Nec
k roo

t c
yto

so
l

Sha
ft b

as
e cy

tos
ol

-1.0

-0.5

0.0

0.5

1.0
Zone enrichment mushroom

Fo
ld

di
ffe

re
nc

e
to

to
ta

lp
ro

te
in

PSD
ce

nte
r

PSD
ce

ntr
al

are
a

PSD
ou

ter
are

a

La
ter

al
pe

ris
yn

ap
tic

Prox
im

al
pe

ris
yn

ap
tic

Dist
al

pe
ris

yn
ap

tic

Firs
t c

irc
ula

r zo
ne

Sec
on

d cir
cu

lar
zo

ne

Thir
d cir

cu
lar

zo
ne

Fou
rth

cir
cu

lar
zo

ne

Fifth
cir

cu
lar

zo
ne

-1.0

-0.5

0.0

0.5
Zone enrichment stubby

Fo
ld

di
ffe

re
nc

e
to

to
ta

lp
ro

te
in

Whole cell copy 
number 914295.6 ± 370757.9

Spine copy 
number 66.2 ± 34.4

Function Signaling

Mushroom Stubby
Spine copy 

number 59.0 ± 30.7 73.2 ± 38.1

% of total protein 0.0 ± 0.0% 0.0 ± 0.0%
Molarity (µM) 0.7 ± 0.4 0.7 ± 0.4

PSD copy number 12 ± 6.2 4 ± 2.1

% in PSD 20.3 ± 10.6% 10.6 ± 5.5%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 59.0 ± 30.7 0.0 ± 0.0% 0.7 ± 0.4 12 ± 6.2
Stubby 73.2 ± 38.1 0.0 ± 0.0% 0.7 ± 0.4 4 ± 2.1

R² = 0.06
p > 0.05

R² = 0.04
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 59.0 ± 30.7 0.0 ± 0.0% 0.7 ± 0.4 12 ± 6.2
Stubby 73.2 ± 38.1 0.0 ± 0.0% 0.7 ± 0.4 4 ± 2.1



CaMKII α/β (Genes: Camk2a, Camk2b Uniprot ID: P11275, P08413)
Known function: Central kinase in dendritic spines, Inolved in synaptic plasticity
Known organization: Cytosolic, Forms dodecamer
Known Interactions: AMPA receptors, Calmodulin, Cav2.1, CDC42, GluN2B, Homer proteins, PSD95, 
F-actin
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Whole cell copy 
number 40160274.0 ± 3071548.5

Spine copy 
number 32336.3 ± 4031.2

Function Signaling

Mushroom Stubby
Spine copy 

number
25863.6  
± 3224.3

42099.6
± 5248.3

% of total protein 7.9 ± 1.0% 11.0 ± 1.4%
Molarity (µM) 328.5 ± 40.9 397.9 ± 49.6

PSD copy number 7337 ± 914.7 19450 ± 2424.7

% in PSD 28.4 ± 3.5% 46.2 ± 5.8%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 25863.6 ± 3224.3 7.9 ± 1.0% 328.5 ± 40.9 7337 ± 914.7
Stubby 42099.6 ± 5248.3 11.0 ± 1.4% 397.9 ± 49.6 19450 ± 2424.7

R² = 0.25
p < 0.05

R² = 0.08
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 25863.6 ± 3224.3 7.9 ± 1.0% 328.5 ± 40.9 7337 ± 914.7
Stubby 42099.6 ± 5248.3 11.0 ± 1.4% 397.9 ± 49.6 19450 ± 2424.7



CAPS1 (Gene: Cadps, Uniprot ID: Q62717)
Known function: Regulates LDCV and secretory granule exocytosis
Known organization: Cytosolic
Known Interactions: None
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Whole cell copy 
number 571879.4 ± 18123.2

Spine copy 
number 218.8 ± 35.4

Function Signaling

Mushroom Stubby
Spine copy 

number 179.6 ± 29.1 290.2 ± 47.0

% of total protein 0.1 ± 0.0% 0.2 ± 0.0%
Molarity (µM) 2.3 ± 0.4 2.7 ± 0.4

PSD copy number 52 ± 8.4 35 ± 5.7

% in PSD 29.0 ± 4.7% 12.1 ± 2.0%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 179.6 ± 29.1 0.1 ± 0.0% 2.3 ± 0.4 52 ± 8.4
Stubby 290.2 ± 47.0 0.2 ± 0.0% 2.7 ± 0.4 35 ± 5.7

R² = 0.93
p < 0.05

R² = 0.15
p < 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 179.6 ± 29.1 0.1 ± 0.0% 2.3 ± 0.4 52 ± 8.4
Stubby 290.2 ± 47.0 0.2 ± 0.0% 2.7 ± 0.4 35 ± 5.7



Cav1.3 (Gene: Cacna1d, Uniprot ID: P27732)
Known function: Calcium channel, Involved in plasticity, scaling and spine morphology.
Known organization: Transmembrane protein
Known Interactions: Shank1
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Whole cell copy 
number 1623.0 ± 491.1

Spine copy 
number 0.5 ± 0.2

Function Ion Channels

Mushroom Stubby
Spine copy 

number 0.4 ± 0.1 0.6 ± 0.2

% of total protein 0.0 ± 0.0% 0.0 ± 0.0%
Molarity (µM) 0.0 ± 0.0 0.0 ± 0.0

PSD copy number 0 ± 0.0 0 ± 0.0

% in PSD 0.0 ± 0.0% 0.0 ± 0.0%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 0.4 ± 0.1 0.0 ± 0.0% 0.0 ± 0.0 0 ± 0.0
Stubby 0.6 ± 0.2 0.0 ± 0.0% 0.0 ± 0.0 0 ± 0.0

R² = 0.30
p < 0.05

R² = 0.30
p < 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 0.4 ± 0.1 0.0 ± 0.0% 0.0 ± 0.0 0 ± 0.0
Stubby 0.6 ± 0.2 0.0 ± 0.0% 0.0 ± 0.0 0 ± 0.0



Cav2.1 (Gene: Cacna1a, Uniprot ID: P54282)
Known function: Calcium channel, Involved in LTP
Known organization: Transmembrane protein
Known Interactions: CaMKII
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Whole cell copy 
number

188693.9 ± 68885.8
(extrapolated)

Spine copy 
number 42.2 ± 12.4

Function Ion Channels

Mushroom Stubby
Spine copy 

number 32.5 ± 9.6 54.8 ± 16.1

% of total protein 0.0 ± 0.0% 0.1 ± 0.0%
Molarity (µM) 0.4 ± 0.1 0.5 ± 0.2

PSD copy number 2 ± 0.6 7 ± 2.1

% in PSD 6.2 ± 1.8% 12.8 ± 3.8%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 32.5 ± 9.6 0.0 ± 0.0% 0.4 ± 0.1 2 ± 0.6
Stubby 54.8 ± 16.1 0.1 ± 0.0% 0.5 ± 0.2 7 ± 2.1

R² = 0.14
p > 0.05

R² = 0.12
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 32.5 ± 9.6 0.0 ± 0.0% 0.4 ± 0.1 2 ± 0.6
Stubby 54.8 ± 16.1 0.1 ± 0.0% 0.5 ± 0.2 7 ± 2.1



CDC42 (Gene: Cdc42, Uniprot ID: Q8CFN2)
Known function: Rho type GTPase, Regulates actin cytoskeleton
Known organization: Cytosolic
Known Interactions: CaMKII, Homer2
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Whole cell copy 
number 19193307.9 ± 1363601.0

Spine copy 
number 897.0 ± 877.5

Function Signaling

Mushroom Stubby
Spine copy 

number 727.6 ± 711.8 1139.6 ± 1114.8

% of total protein 0.1 ± 0.1% 0.1 ± 0.1%
Molarity (µM) 9.2 ± 9.0 10.8 ± 10.5

PSD copy number 75 ± 73.4 67 ± 65.5

% in PSD 10.3 ± 10.1% 5.9 ± 5.8%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 727.6 ± 711.8 0.1 ± 0.1% 9.2 ± 9.0 75 ± 73.4
Stubby 1139.6 ± 1114.8 0.1 ± 0.1% 10.8 ± 10.5 67 ± 65.5

R² = 0.19
p < 0.05

R² = 0.09
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 727.6 ± 711.8 0.1 ± 0.1% 9.2 ± 9.0 75 ± 73.4
Stubby 1139.6 ± 1114.8 0.1 ± 0.1% 10.8 ± 10.5 67 ± 65.5



Chromogranin A (Beta-granin, Gene: Chga, Uniprot ID: P10354)
Known function: Acts as pro-hormone, Involved in LDCV biogenesis
Known organization: In LDCV lumen
Known Interactions: Chromogranin B
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Whole cell copy 
number 23006.7 ± 5194.7

Spine copy 
number 3.6 ± 1.2

Function Signaling

Mushroom Stubby
Spine copy 

number 3.3 ± 1.1 4.1 ± 1.4

% of total protein 0.0 ± 0.0% 0.0 ± 0.0%
Molarity (µM) 0.0 ± 0.0 0.0 ± 0.0

PSD copy number 0 ± 0.0 0 ± 0.0

% in PSD 0.0 ± 0.0% 0.0 ± 0.0%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 3.3 ± 1.1 0.0 ± 0.0% 0.0 ± 0.0 0 ± 0.0
Stubby 4.1 ± 1.4 0.0 ± 0.0% 0.0 ± 0.0 0 ± 0.0

R² = 0.25
p < 0.05

R² = 0.07
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 3.3 ± 1.1 0.0 ± 0.0% 0.0 ± 0.0 0 ± 0.0
Stubby 4.1 ± 1.4 0.0 ± 0.0% 0.0 ± 0.0 0 ± 0.0



Chromogranin B (Secretogranin I, Gene: Chgb, Uniprot ID: O35314)
Known function: Acts as pro-hormone, Involved in LDCV biogenesis
Known organization: In LDCV lumen
Known Interactions: Chromogranin A
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Whole cell copy 
number 137429.7 ± 19202.2

Spine copy 
number 28.1 ± 7.0

Function Signaling

Mushroom Stubby
Spine copy 

number 28.3 ± 7.0 31.4 ± 7.8

% of total protein 0.0 ± 0.0% 0.0 ± 0.0%
Molarity (µM) 0.4 ± 0.1 0.3 ± 0.1

PSD copy number 0 ± 0.0 0 ± 0.0

% in PSD 0.0 ± 0.0% 0.0 ± 0.0%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 28.3 ± 7.0 0.0 ± 0.0% 0.4 ± 0.1 0 ± 0.0
Stubby 31.4 ± 7.8 0.0 ± 0.0% 0.3 ± 0.1 0 ± 0.0

R² = 0.04
p > 0.05

R² = 0.10
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 28.3 ± 7.0 0.0 ± 0.0% 0.4 ± 0.1 0 ± 0.0
Stubby 31.4 ± 7.8 0.0 ± 0.0% 0.3 ± 0.1 0 ± 0.0



Chromogranin C (Secretogranin II, Gene: Scg2, Uniprot ID: P10362)
Known function: Acts as pro-hormone, Involved in LDCV biogenesis
Known organization: In LDCV lumen
Known Interactions: None
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Whole cell copy 
number 163866.0 ± 29059.1

Spine copy 
number 76.1 ± 16.3

Function Signaling

Mushroom Stubby
Spine copy 

number 65.3 ± 14.0 97.7 ± 21.0

% of total protein 0.0 ± 0.0% 0.0 ± 0.0%
Molarity (µM) 0.8 ± 0.2 0.9 ± 0.2

PSD copy number 0 ± 0.0 0 ± 0.0

% in PSD 0.0 ± 0.0% 0.0 ± 0.0%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 65.3 ± 14.0 0.0 ± 0.0% 0.8 ± 0.2 0 ± 0.0
Stubby 97.7 ± 21.0 0.0 ± 0.0% 0.9 ± 0.2 0 ± 0.0

R² = 0.18
p > 0.05

R² = 0.17
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 65.3 ± 14.0 0.0 ± 0.0% 0.8 ± 0.2 0 ± 0.0
Stubby 97.7 ± 21.0 0.0 ± 0.0% 0.9 ± 0.2 0 ± 0.0



Clathrin heavy chain (Gene: Cltc, Uniprot ID: Q05140)
Known function: Endocytosis
Known organization: Cytosolic or membrane-associated, Forms triskelia together with clathrin light 
chains, Endocytic zones lateral to PSD or on shaft
Known Interactions: Clathrin light chains, Adaptor proteins
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Whole cell copy 
number 5246065.6 ± 725934.0

Spine copy 
number 1102.0 ± 239.7

Function Exo-/Endocytosis cofactors

Mushroom Stubby
Spine copy 

number 848.5 ± 184.5 1384.3 ± 301.1

% of total protein 0.8 ± 0.2% 1.1 ± 0.2%
Molarity (µM) 10.8 ± 2.3 13.1 ± 2.8

PSD copy number 178 ± 38.7 203 ± 44.2

% in PSD 21.0 ± 4.6% 14.7 ± 3.2%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 848.5 ± 184.5 0.8 ± 0.2% 10.8 ± 2.3 178 ± 38.7
Stubby 1384.3 ± 301.1 1.1 ± 0.2% 13.1 ± 2.8 203 ± 44.2

R² = 0.25
p < 0.05

R² = 0.11
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 848.5 ± 184.5 0.8 ± 0.2% 10.8 ± 2.3 178 ± 38.7
Stubby 1384.3 ± 301.1 1.1 ± 0.2% 13.1 ± 2.8 203 ± 44.2



Clathrin light chain a & b (Genes: Clta & Cltb , Uniprot IDs: P08081 & P08082 )
Known function: Endocytosis
Known organization: Cytosolic or membrane-associated, Forms triskelia together with clathrin heavy 
hains, On endocytic zones lateral to PSD or on shaft
Known Interactions: Clathrin light chains, Adaptor proteins
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Whole cell copy 
number 37063124.7 ± 3129866.2

Spine copy 
number 11708.3 ± 2349.5

Function Exo-/Endocytosis cofactors

Mushroom Stubby
Spine copy 

number
10105.7 
± 2027.9

13270.1
± 2662.9

% of total protein 1.2 ± 0.3% 1.4 ± 0.3%
Molarity (µM) 128.3 ± 25.8 125.4 ± 25.2

PSD copy number 2654 ± 532.6 1424 ± 285.7

% in PSD 26.3 ± 5.3% 10.7 ± 2.2%



Eccentricity
Top of head

Center of head

Bottom of head

0
5

10
15
20
25

Enrichment PSD

Fo
ld

ov
er

sh
af

t

Laterality

Center of head

left/right of head

0

1000

2000

3000

4000
Distance to PSD

(n
m

)

0

5

10

15
Enrichment Head

Fo
ld

ov
er

sh
af

t

0

500

1000

1500
Nearest neighbor

(n
m

)

R² = 0.17
p < 0.05

R² = 0.63
p < 0.05

Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 10105.7 ± 2027.9 1.2 ± 0.3% 128.3 ± 25.8 2654 ± 532.6
Stubby 13270.1 ± 2662.9 1.4 ± 0.3% 125.4 ± 25.2 1424 ± 285.7
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 10105.7 ± 2027.9 1.2 ± 0.3% 128.3 ± 25.8 2654 ± 532.6
Stubby 13270.1 ± 2662.9 1.4 ± 0.3% 125.4 ± 25.2 1424 ± 285.7



Cortactin (Gene: Cttn, Uniprot ID: Q66HL2)
Known function: Branching and Stabilization of Actin, Involved in PSD95 clustering
Known organization: Cytosolic
Known Interactions: Actin, Shank proteins, PSD95
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Whole cell copy 
number 1298507.4 ± 190151.8

Spine copy 
number 121.2 ± 51.0

Function Cytoskeleton

Mushroom Stubby
Spine copy 

number 101.6 ± 42.8 161.6 ± 68.0

% of total protein 0.0 ± 0.0% 0.0 ± 0.0%
Molarity (µM) 1.3 ± 0.5 1.5 ± 0.6

PSD copy number 10 ± 4.2 13 ± 5.5

% in PSD 9.8 ± 4.1% 8.0 ± 3.4%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 101.6 ± 42.8 0.0 ± 0.0% 1.3 ± 0.5 10 ± 4.2
Stubby 161.6 ± 68.0 0.0 ± 0.0% 1.5 ± 0.6 13 ± 5.5

R² = 0.20
p < 0.05

R² = 0.18
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 101.6 ± 42.8 0.0 ± 0.0% 1.3 ± 0.5 10 ± 4.2
Stubby 161.6 ± 68.0 0.0 ± 0.0% 1.5 ± 0.6 13 ± 5.5



DLGAP1 (GKAP1,  SAPAP1, DAP-1, Gene: Dlgap1, Uniprot ID: P97836)
Known function: Links PSD95 to Shank proteins
Known organization: Cytosolic, Forms clusters within PSD
Known Interactions: PSD95, SAP97, Shank proteins
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Whole cell copy 
number 57934.1 ± 13537.9

Spine copy 
number 5.3 ± 2.3

Function PSD Scaffold

Mushroom Stubby
Spine copy 

number 3.7 ± 1.6 7.3 ± 3.2

% of total protein 0.0 ± 0.0% 0.0 ± 0.0%
Molarity (µM) 0.0 ± 0.0 0.1 ± 0.0

PSD copy number 0 ± 0.0 1 ± 0.4

% in PSD 0.0 ± 0.0% 13.7 ± 6.0%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 3.7 ± 1.6 0.0 ± 0.0% 0.0 ± 0.0 0 ± 0.0
Stubby 7.3 ± 3.2 0.0 ± 0.0% 0.1 ± 0.0 1 ± 0.4

R² = 0.20
p < 0.05

R² = 0.17
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 3.7 ± 1.6 0.0 ± 0.0% 0.0 ± 0.0 0 ± 0.0
Stubby 7.3 ± 3.2 0.0 ± 0.0% 0.1 ± 0.0 1 ± 0.4



Dopamine Receptor D1 (Gene: Drd1, Uniprot ID: P18901)
Known function: Activation of Adenylyl cyclase, Enhances NMDAR response
Known organization: Transmembrane proteine, Present in clusters, Predominantly on shaft and perisyn-
aptic regions
Known Interactions: Dopamine Receptor D2, NMDA Receptors
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Whole cell copy 
number 1688583.2 ± 626867.3

Spine copy 
number not detected

Function Receptor

Mushroom Stubby
Spine copy 

number not detected not detected

% of total protein not detected not detected
Molarity (µM) not detected not detected

PSD copy number not detected not detected

% in PSD not detected not detected
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom not detected not detected not detected not detected
Stubby not detected not detected not detected not detected

R² = 0.08
p > 0.05

R² = 0.31
p < 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom not detected not detected not detected not detected
Stubby not detected not detected not detected not detected



Dopamine Receptor D2 (Gene: Drd2, Uniprot ID: P61169)
Known function: Inhibition of Adenylyl cyclase, Decreases NMDAR response and GluR1 insertion
Known organization: Transmembrane proteine, Close to or within PSD
Known Interactions: Other Dopamine receptor isoforms, NMDA receptors
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Whole cell copy 
number 618111.3 ± 168121.4

Spine copy 
number

66.9 ± 24.1

Function Receptor

Mushroom Stubby
Spine copy 

number 65.8 ± 23.7 72.2 ± 26.0

% of total protein 0.0 ± 0.0% 0.0 ± 0.0%
Molarity (µM)  0.8 ± 0.3 0.7 ± 0.2

PSD copy number 9 ± 3.2 6 ± 2.2

% in PSD 13.7 ± 4.9% 8.3 ± 3.0%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 65.8 ± 23.7 0.0 ± 0.0%  0.8 ± 0.3 9 ± 3.2
Stubby 72.2 ± 26.0 0.0 ± 0.0% 0.7 ± 0.2 6 ± 2.2

R² = 0.46
p < 0.05

R² = 0.80
p < 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 65.8 ± 23.7 0.0 ± 0.0%  0.8 ± 0.3 9 ± 3.2
Stubby 72.2 ± 26.0 0.0 ± 0.0% 0.7 ± 0.2 6 ± 2.2



Drebrin (Gene: Dbn1, Uniprot ID: Q07266)
Known function: Stabilizes Actin, Regulates microtubule entry into spines
Known organization: Cytosolic
Known Interactions: Actin
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Whole cell copy 
number 6331446.3 ± 88419.8

Spine copy 
number 5598.9 ± 624.1

Function Cytoskeleton

Mushroom Stubby
Spine copy 

number 5459.6 ± 608.5 6210.3 ± 692.2

% of total protein 2.1 ± 0.2% 2.0 ± 0.2%
Molarity (µM)  69.3 ± 7.7 58.7 ± 6.5

PSD copy number 2072 ± 230.9 2513 ± 280.1

% in PSD 38.0 ± 4.2% 40.5 ± 4.5%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 5459.6 ± 608.5 2.1 ± 0.2%  69.3 ± 7.7 2072 ± 230.9
Stubby 6210.3 ± 692.2 2.0 ± 0.2% 58.7 ± 6.5 2513 ± 280.1

R² = 0.52
p < 0.05

R² = 0.24
p < 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 5459.6 ± 608.5 2.1 ± 0.2%  69.3 ± 7.7 2072 ± 230.9
Stubby 6210.3 ± 692.2 2.0 ± 0.2% 58.7 ± 6.5 2513 ± 280.1



Dynamin1-3 (Genes: Dnm1, Dnm2, Dnm3, Uniprot IDs: P21575, P39052, Q08877)
Known function: Membrane fission in endocytosis, AMPAR and NMDAR endocytosis
Known organization: Cytosolic, Forms dimers and helices
Known Interactions: Homer and Shank proteins, mGluR5

M
us

hr
oo

m
St

ub
by

AverageOverlayDiO and Homer Dynamin

PSD
ce

nte
r

PSD
ce

ntr
al

are
a

PSD
ou

ter
are

a

La
ter

al
pe

ris
yn

ap
tic

Upp
er

pe
ris

yn
ap

tic

Top
pe

ris
yn

ap
tic

Hea
d lat

era
l m

em
bra

ne

Hea
d low

er
lat

era
l c

yto
so

l

Mem
bra

ne
low

er
he

ad

Lo
wer

he
ad

ce
ntr

al
cy

tos
ol

Nec
k lat

era
l c

yto
so

l

Nec
k ce

ntr
al

cy
tos

ol

Nec
k bo

tto
m

mem
bra

ne

Nec
k roo

t c
yto

so
l

Sha
ft b

as
e cy

tos
ol

-0.3

-0.2

-0.1

0.0

0.1

0.2

0.3
Zone enrichment mushroom

Fo
ld

di
ffe

re
nc

e
to

to
ta

lp
ro

te
in

PSD
ce

nte
r

PSD
ce

ntr
al

are
a

PSD
ou

ter
are

a

La
ter

al
pe

ris
yn

ap
tic

Prox
im

al
pe

ris
yn

ap
tic

Dist
al

pe
ris

yn
ap

tic

Firs
t c

irc
ula

r zo
ne

Sec
on

d cir
cu

lar
zo

ne

Thir
d cir

cu
lar

zo
ne

Fou
rth

cir
cu

lar
zo

ne

Fifth
cir

cu
lar

zo
ne

-0.5

0.0

0.5

1.0
Zone enrichment stubby

Fo
ld

di
ffe

re
nc

e
to

to
ta

lp
ro

te
in

Whole cell copy 
number 6435888.0 ± 251140.2

Spine copy 
number 1495.6 ± 299.5

Function Exo-/Endocytosis cofactors

Mushroom Stubby
Spine copy 

number 1355.2 ± 271.3 1525.6 ± 305.5

% of total protein 0.6 ± 0.1% 0.6 ± 0.1%
Molarity (µM)  17.2 ± 3.4 14.4 ± 2.9

PSD copy number 394 ± 78.9 121 ± 24.2

% in PSD 29.1 ± 5.8% 7.9 ± 1.6%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 1355.2 ± 271.3 0.6 ± 0.1%  17.2 ± 3.4 394 ± 78.9
Stubby 1525.6 ± 305.5 0.6 ± 0.1% 14.4 ± 2.9 121 ± 24.2

R² = 0.23
p < 0.05

R² = 0.25
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 1355.2 ± 271.3 0.6 ± 0.1%  17.2 ± 3.4 394 ± 78.9
Stubby 1525.6 ± 305.5 0.6 ± 0.1% 14.4 ± 2.9 121 ± 24.2



ERp72 (ERp70, CaBP2, Gene: Pdia4, Uniprot ID: P38659)
Known function: ER-resident chaperone, Isomerizes disulfide bonds
Known organization: ER lumen
Known Interactions: None
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Whole cell copy 
number 1159270.0 ± 165411.4

Spine copy 
number 97.3 ± 26.5

Function Organelle

Mushroom Stubby
Spine copy 

number 73.7 ± 20.1 119.6 ± 32.6

% of total protein 0.0 ± 0.0% 0.0 ± 0.0%
Molarity (µM)  0.9 ± 0.3 1.1 ± 0.3

PSD copy number 0 ± 0.0 0 ± 0.0

% in PSD 0.0 ± 0.0% 0.0 ± 0.0%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 73.7 ± 20.1 0.0 ± 0.0%  0.9 ± 0.3 0 ± 0.0
Stubby 119.6 ± 32.6 0.0 ± 0.0% 1.1 ± 0.3 0 ± 0.0

R² = 0.25
p < 0.05

R² = 0.40
p < 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 73.7 ± 20.1 0.0 ± 0.0%  0.9 ± 0.3 0 ± 0.0
Stubby 119.6 ± 32.6 0.0 ± 0.0% 1.1 ± 0.3 0 ± 0.0



GluK1 (GluR5, Grik1, Gene: Grik1, Uniprot ID: P22756)
Known function: Involved in excitatory transmission, Limited role in plasticity
Known organization: Transmembrane protein
Known Interactions: PSD95
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Whole cell copy 
number 981570.0 ± 267396.4

Spine copy 
number 165.8 ± 55.7

Function Receptor

Mushroom Stubby
Spine copy 

number 158.9 ± 53.4 179.8 ± 60.4

% of total protein 0.1 ± 0.0% 0.1 ± 0.0%
Molarity (µM)  2.0 ± 0.7 1.7 ± 0.6

PSD copy number 26 ± 8.7 27 ± 9.1

% in PSD 16.4 ± 5.5% 15.0 ± 5.0%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 158.9 ± 53.4 0.1 ± 0.0%  2.0 ± 0.7 26 ± 8.7
Stubby 179.8 ± 60.4 0.1 ± 0.0% 1.7 ± 0.6 27 ± 9.1

R² = 0.02
p > 0.05

R² = 0.11
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 158.9 ± 53.4 0.1 ± 0.0%  2.0 ± 0.7 26 ± 8.7
Stubby 179.8 ± 60.4 0.1 ± 0.0% 1.7 ± 0.6 27 ± 9.1



GluN1 (NMDAR1, NR1, Gene: Grin1, Uniprot ID: P35439)
Known function: Critical for synaptic plasticity and learning
Known organization: Transmembrane proteine, Highly concentrated in PSD, Part of supercomplexes with 
PSD95 and other proteins, Often close to dopamine receptors
Known Interactions: mGluR5, Dopamine receptor D1
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Whole cell copy 
number

602749.5 ± 80650.8
(extrapolated)

Spine copy 
number 247.5 ± 24.9

Function Receptor

Mushroom Stubby
Spine copy 

number 214.8 ± 21.6 282.6 ± 28.4

% of total protein 0.1 ± 0.0% 0.1 ± 0.0%
Molarity (µM)  2.7 ± 0.3 2.7 ± 0.3

PSD copy number 55 ± 5.5 139 ± 14.0

% in PSD 25.6 ± 2.6% 49.2 ± 5.0%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 214.8 ± 21.6 0.1 ± 0.0%  2.7 ± 0.3 55 ± 5.5
Stubby 282.6 ± 28.4 0.1 ± 0.0% 2.7 ± 0.3 139 ± 14.0

R² = 0.33
p < 0.05

R² = 0.21
p < 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 214.8 ± 21.6 0.1 ± 0.0%  2.7 ± 0.3 55 ± 5.5
Stubby 282.6 ± 28.4 0.1 ± 0.0% 2.7 ± 0.3 139 ± 14.0



GluN2A (NMDAR2A, NR2A, Gene: Grin2a, Uniprot ID: Q00959)
Known function: Critical for synaptic plasticity and learning, Postnatal dominant isoform.
Known organization: Transmembrane proteine, Highly concentrated in PSD, Part of supercomplexes with 
PSD95 and other proteins, Often close to Dopamine receptors
Known Interactions: PSD93, PSD95, Dopamine Receptor D1, Calmodulin, CaMKII
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Whole cell copy 
number 20863.6 ± 358.3

Spine copy 
number 2.2 ± 0.7

Function Receptor

Mushroom Stubby
Spine copy 

number 1.7 ± 0.6 2.9 ± 0.9

% of total protein 0.0 ± 0.0% 0.0 ± 0.0%
Molarity (µM)  0.0 ± 0.0 0.0 ± 0.0

PSD copy number 0 ± 0.0 0 ± 0.0

% in PSD 0.0 ± 0.0% 0.0 ± 0.0%



Eccentricity
Top of head

Center of head

Bottom of head

0
1
2
3
4
5

Enrichment PSD

Fo
ld

ov
er

sh
af

t

Laterality

Center of head

left/right of head

0

1000

2000

3000

4000
Distance to PSD

(n
m

)

0

1

2

3
Enrichment Head

Fo
ld

ov
er

sh
af

t

0

500

1000

1500

2000
Nearest neighbor

(n
m

)

Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 1.7 ± 0.6 0.0 ± 0.0%  0.0 ± 0.0 0 ± 0.0
Stubby 2.9 ± 0.9 0.0 ± 0.0% 0.0 ± 0.0 0 ± 0.0

R² = 0.15
p < 0.05

R² = 0.26
p < 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 1.7 ± 0.6 0.0 ± 0.0%  0.0 ± 0.0 0 ± 0.0
Stubby 2.9 ± 0.9 0.0 ± 0.0% 0.0 ± 0.0 0 ± 0.0



GluN2B (NR2B, NMDAR2B, Gene: Grin2b, Uniprot ID: Q00960)
Known function: Critical for synaptic plasticity and learning, Prenatal dominant isoform
Known organization: Transmembrane proteine, Highly concentrated in PSD, Part of supercomplexes with 
PSD95 and other proteins, Often colocalized with Dopamine receptors
Known Interactions: PSD93, PSD95, mGluR5, Dopamine Receptor D2, CaM, CaMKII
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Whole cell copy 
number

757451.7 ± 105875.3
(extrapolated)

Spine copy 
number 355.2 ± 40.7

Function Receptor

Mushroom Stubby
Spine copy 

number 319.9 ± 36.7 433.7 ± 49.7

% of total protein 0.3 ± 0.0% 0.3 ± 0.0%
Molarity (µM)  4.1 ± 0.5 4.1 ± 0.5

PSD copy number 152 ± 17.4 253 ± 29.0

% in PSD 47.5 ± 5.4% 58.3 ± 6.7%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 319.9 ± 36.7 0.3 ± 0.0%  4.1 ± 0.5 152 ± 17.4
Stubby 433.7 ± 49.7 0.3 ± 0.0%  4.1 ± 0.5 253 ± 29.0

R² = 0.66
p < 0.05

R² = 0.57
p < 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 319.9 ± 36.7 0.3 ± 0.0%  4.1 ± 0.5 152 ± 17.4
Stubby 433.7 ± 49.7 0.3 ± 0.0%  4.1 ± 0.5 253 ± 29.0



GluR1 (GluA1, Gene: Gria1, Uniprot ID: P19490)
Known function: Part of primary glutamate receptor, Important for plasticity, Rapidly delivered to synapse 
upon activation, Stable localization at synapse
Known organization: Transmembrane proteine, Heterotetramers, Forms 80 nm clusters,
Known Interactions: None
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Whole cell copy 
number

976411.9 ± 196915.5
(extrapolated)

Spine copy 
number 279.5 ± 41.8

Function Receptor

Mushroom Stubby
Spine copy 

number 236.4 ± 35.4 326.9 ± 48.9

% of total protein 0.1 ± 0.0% 0.1 ± 0.0%
Molarity (µM)  3.0 ± 0.4 3.1 ± 0.5

PSD copy number 62 ± 9.3 47 ± 7.0

% in PSD 26.2 ± 3.9% 14.4 ± 2.2%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 236.4 ± 35.4 0.1 ± 0.0%  3.0 ± 0.4 62 ± 9.3
Stubby 326.9 ± 48.9 0.1 ± 0.0% 3.1 ± 0.5 47 ± 7.0

R² = 0.60
p < 0.05

R² = 0.52
p < 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 236.4 ± 35.4 0.1 ± 0.0%  3.0 ± 0.4 62 ± 9.3
Stubby 326.9 ± 48.9 0.1 ± 0.0% 3.1 ± 0.5 47 ± 7.0



GluR2 (GluA2, Gene: Gria2, Uniprot ID: P19491)
Known function: Part of primary glutamate receptor, Important for plasticity
Known organization: Transmembrane proteine, Heterotetramers, Forms 80 nm clusters 
Known Interactions: GRIP, NSF, alpha-SNAP, beta-SNAP, Syntaxin13
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Whole cell copy 
number

4227066.8 ± 612238.7
(extrapolated)

Spine copy 
number 1082.8 ± 98.5

Function Receptor

Mushroom Stubby
Spine copy 

number 872.0 ± 79.3 1411.0 ± 128.3

% of total protein 0.4 ± 0.0% 0.6 ± 0.1%
Molarity (µM)  11.1 ± 1.0 13.3 ± 1.2

PSD copy number 204 ± 18.6 230 ± 20.9

% in PSD 23.4 ± 2.1% 16.3 ± 1.5%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 872.0 ± 79.3 0.4 ± 0.0%  11.1 ± 1.0 204 ± 18.6
Stubby 1411.0 ± 128.3 0.6 ± 0.1% 13.3 ± 1.2 230 ± 20.9

R² = 0.32
p > 0.05

R² = 0.13
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 872.0 ± 79.3 0.4 ± 0.0%  11.1 ± 1.0 204 ± 18.6
Stubby 1411.0 ± 128.3 0.6 ± 0.1% 13.3 ± 1.2 230 ± 20.9



GluR3 (GluA3, Gene: Gria3, Uniprot ID: P19492)
Known function: Part of primary glutamate receptor, Important for plasticity, Constitutively trafficks bet-
ween synaptic membrane and endosomes
Known organization: Transmembrane proteine, Heterotetramers, Forms 80 nm clusters 
Known Interactions: GRIP
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Whole cell copy 
number

9500147.4 ± 3457585.3
(extrapolated)

Spine copy 
number 992.4 ± 198.5

Function Receptor

Mushroom Stubby
Spine copy 

number 792.2 ± 158.5 1361.1 ± 272.3

% of total protein 0.4 ± 0.1% 0.6 ± 0.1%
Molarity (µM)  10.1 ± 2.0 12.9 ± 2.6

PSD copy number 56 ± 11.2 101 ± 20.2

% in PSD 7.1 ± 1.4% 7.4 ± 1.5%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 792.2 ± 158.5 0.4 ± 0.1%  10.1 ± 2.0 56 ± 11.2
Stubby 1361.1 ± 272.3 0.6 ± 0.1% 12.9 ± 2.6 101 ± 20.2

R² = 0.17
p < 0.05

R² = 0.09
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 792.2 ± 158.5 0.4 ± 0.1%  10.1 ± 2.0 56 ± 11.2
Stubby 1361.1 ± 272.3 0.6 ± 0.1% 12.9 ± 2.6 101 ± 20.2



GRIP1/2 (Genes: Grip1, Grip2, Uniprot ID: P97879, Q9WTW1)
Known function: Controls AMPA and kainate receptor trafficking
Known organization: Cytosolic
Known Interactions: AMPA and kainate receptors
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Whole cell copy 
number 77266.0 ± 16985.7

Spine copy 
number 5.0 ± 1.8

Function Exo-/Endocytosis cofactors

Mushroom Stubby
Spine copy 

number 4.4 ± 1.5 6.1 ± 2.1

% of total protein 0.0 ± 0.0% 0.0 ± 0.0%
Molarity (µM)  0.1 ± 0.0  0.1 ± 0.0

PSD copy number  0 ± 0.0  0 ± 0.0

% in PSD  0.0 ± 0.0% 0.0 ± 0.0%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 4.4 ± 1.5 0.0 ± 0.0%  0.1 ± 0.0  0 ± 0.0
Stubby 6.1 ± 2.1 0.0 ± 0.0%  0.1 ± 0.0  0 ± 0.0

R² = 0.15
p < 0.05

R² = 0.14
p < 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 4.4 ± 1.5 0.0 ± 0.0%  0.1 ± 0.0  0 ± 0.0
Stubby 6.1 ± 2.1 0.0 ± 0.0%  0.1 ± 0.0  0 ± 0.0



Homer1 (PSD-Zip45, Vesl1, Gene: Homer1, Uniprot: Q9Z214)
Known function: Scaffold protein, Links mGluR to downstream targets, Homer1a regulates this interaction 
as a dominant negative isoform
Known organization: Cytosolic, Directly below PSD, Selfmultimerizes, Forms mesh with Shank proteins
Known Interactions: mGluR, Shank proteins, Dynamin 3
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Whole cell copy 
number 1523247.1 ± 206153.6

Spine copy 
number 1729.9 ± 270.1

Function PSD Scaffold

Mushroom Stubby
Spine copy 

number 1255.4 ± 196.0 2700.6 ± 421.6

% of total protein 0.3 ± 0.0% 0.5 ± 0.1%
Molarity (µM)  15.9 ± 2.5  25.5 ± 4.0

PSD copy number 747 ± 116.6  1879 ± 293.3

% in PSD  59.5 ± 9.3% 69.6 ± 10.9%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 1255.4 ± 196.0 0.3 ± 0.0%  15.9 ± 2.5 747 ± 116.6
Stubby 2700.6 ± 421.6 0.5 ± 0.1%  25.5 ± 4.0  1879 ± 293.3

R² = 1.00
p < 0.05

R² = 1.00
p < 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 1255.4 ± 196.0 0.3 ± 0.0%  15.9 ± 2.5 747 ± 116.6
Stubby 2700.6 ± 421.6 0.5 ± 0.1%  25.5 ± 4.0  1879 ± 293.3



Homer2 (Vesl2, Cupidin, Gene: Homer2 , Uniprot ID: O88801)
Known function: Scaffold protein, Links mGluR to downstream targets
Known organization: Cytosolic, Directly below PSD, Selfmultimerizes (Dimer of dimers), Forms mesh like 
structure with Shank proteins
Known Interactions: mGluR, Shank proteins, Dynamin 3
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Whole cell copy 
number 36366.1 ± 17530.4

Spine copy 
number 11.5 ± 5.6

Function PSD Scaffold

Mushroom Stubby
Spine copy 

number 9.7 ± 4.8 14.6 ± 7.2

% of total protein 0.0 ± 0.0% 0.0 ± 0.0%
Molarity (µM)  0.1 ± 0.1  0.1 ± 0.1

PSD copy number 5 ± 2.5  7 ± 3.4

% in PSD  51.5 ± 25.3% 48.0 ± 23.6%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 9.7 ± 4.8 0.0 ± 0.0%  0.1 ± 0.1 5 ± 2.5
Stubby 14.6 ± 7.2 0.0 ± 0.0%  0.1 ± 0.1  7 ± 3.4

R² = 0.39
p < 0.05

R² = 0.15
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 9.7 ± 4.8 0.0 ± 0.0%  0.1 ± 0.1 5 ± 2.5
Stubby 14.6 ± 7.2 0.0 ± 0.0%  0.1 ± 0.1  7 ± 3.4



Homer3 (Vesl3, Gene: Homer3, Uniprot ID: Q9Z2X5)
Known function: Scaffold protein, Links mGluR to downstream targets
Known organization: Cytosolic, Directly below PSD, Selfmultimerizes (Dimer of dimers), Forms mesh like 
structure with Shank proteins
Known Interactions: mGluR, IP3R, RyR, Shank proteins, Dynamin 3
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Whole cell copy 
number 265383.1 ± 60615.3

Spine copy 
number 169.7 ± 41.2

Function PSD Scaffold

Mushroom Stubby
Spine copy 

number 160.5 ± 39.0 199.4 ± 48.4

% of total protein 0.0 ± 0.0% 0.0 ± 0.0%
Molarity (µM)  2.0 ± 0.5 1.9 ± 0.5

PSD copy number 76 ± 18.4  92 ± 22.3

% in PSD 47.3 ± 11.5% 46.1 ± 11.2%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 160.5 ± 39.0 0.0 ± 0.0%  2.0 ± 0.5 76 ± 18.4
Stubby 199.4 ± 48.4 0.0 ± 0.0% 1.9 ± 0.5  92 ± 22.3

R² = 0.47
p < 0.05

R² = 0.61
p < 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 160.5 ± 39.0 0.0 ± 0.0%  2.0 ± 0.5 76 ± 18.4
Stubby 199.4 ± 48.4 0.0 ± 0.0% 1.9 ± 0.5  92 ± 22.3



HSC70 (Gene: Hspa8, Uniprot ID: P63018)
Known function: Clathrin uncoating, ERAD associated chaperone
Known organization: Cytosolic
Known Interactions: Clathrin (via auxilin)
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Whole cell copy 
number 551216.8 ± 107438.0

Spine copy 
number 199.2 ± 44.9

Function Exo-/Endocytosis cofactors

Mushroom Stubby
Spine copy 

number 137.3 ± 30.9 276.0 ± 62.1

% of total protein 0.0 ± 0.0% 0.1 ± 0.0%
Molarity (µM) 1.7 ± 0.4 2.6 ± 0.6

PSD copy number 24 ± 5.4 71 ± 16.0

% in PSD 17.5 ± 3.9% 25.7 ± 5.8%



Eccentricity
Top of head

Center of head

Bottom of head

0

5

10

15
Enrichment PSD

Fo
ld

ov
er

sh
af

t

Laterality

Center of head

left/right of head

0

1000

2000

3000

4000
Distance to PSD

(n
m

)

0

2

4

6
Enrichment Head

Fo
ld

ov
er

sh
af

t

0

500

1000

1500
Nearest neighbor

(n
m

)

Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 137.3 ± 30.9 0.0 ± 0.0% 1.7 ± 0.4 24 ± 5.4
Stubby 276.0 ± 62.1 0.1 ± 0.0% 2.6 ± 0.6 71 ± 16.0

R² = 0.14
p < 0.05

R² = 0.04
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 137.3 ± 30.9 0.0 ± 0.0% 1.7 ± 0.4 24 ± 5.4
Stubby 276.0 ± 62.1 0.1 ± 0.0% 2.6 ± 0.6 71 ± 16.0



IGF1R (CD221, Gene: Igf1r, Uniprot ID: P24062)
Known function: Required for development, growth and survival, Influences lifespan, Potentiates excitato-
ry synaptic transmission, Regulates mitochondria
Known organization: Transmembrane proteine, Homodimers
Known Interactions: None
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Whole cell copy 
number not detected

Spine copy 
number 350.2 (from literature)

Function Receptor

Mushroom Stubby
Spine copy 

number 296.2 400.8

% of total protein 0.2% 0.3%
Molarity (µM) 3.8 3.8

PSD copy number 44 43

% in PSD 14.9% 10.7%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 296.2 0.2% 3.8 44
Stubby 400.8 0.3% 3.8 43

R² = 0.12
p > 0.05

R² = 0.21
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 296.2 0.2% 3.8 44
Stubby 400.8 0.3% 3.8 43



Kir2.1 (IRK-1, Gene: Kcnj2, Uniprot ID: Q64273)
Known function: Inwardly recitifying potassium channel
Known organization: Transmembrane protein, Present in PSD95 supercomplexes
Known Interactions: PSD95
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Whole cell copy 
number not detected

Spine copy 
number not detected

Function Ion channel

Mushroom Stubby
Spine copy 

number not detected not detected

% of total protein not detected not detected
Molarity (µM) not detected not detected

PSD copy number not detected not detected

% in PSD not detected not detected
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom not detected not detected not detected not detected
Stubby not detected not detected not detected not detected

R² = 0.48
p < 0.05

R² = 0.16
p < 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom not detected not detected not detected not detected
Stubby not detected not detected not detected not detected



Kv1.1 (Gene: Kcna1, Uniprot ID: P10499)
Known function: Delayed rectifier potassium channel
Known organization: Transmembrane protein
Known Interactions: PSD95
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Whole cell copy 
number 108526.4 ± 12341.5

Spine copy 
number 20.2 ± 4.2

Function Ion channel

Mushroom Stubby
Spine copy 

number 18.5 ± 3.8 23.1 ± 4.8

% of total protein 0.0 ± 0.0% 0.0 ± 0.0%
Molarity (µM) 0.2 ± 0.0 0.2 ± 0.0

PSD copy number 7 ± 1.4 4 ± 0.8

% in PSD 37.8 ± 7.8% 17.3 ± 3.6%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 18.5 ± 3.8 0.0 ± 0.0% 0.2 ± 0.0 7 ± 1.4
Stubby 23.1 ± 4.8 0.0 ± 0.0% 0.2 ± 0.0 4 ± 0.8

R² = 0.04
p > 0.05

R² = 0.17
p < 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 18.5 ± 3.8 0.0 ± 0.0% 0.2 ± 0.0 7 ± 1.4
Stubby 23.1 ± 4.8 0.0 ± 0.0% 0.2 ± 0.0 4 ± 0.8



Kv2.1 (Gene: Kcnb1, Uniprot ID: P15387)
Known function: Delayed rectifyer potassium channel, Dominant type in hippocampus, Regulates gene 
transcription
Known organization: Transmembrane protein, Forms clusters on soma
Known Interactions: Syntaxin1
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Whole cell copy 
number 3092.0 ± 886.1

Spine copy 
number 0.4 ± 0.1

Function Ion channel

Mushroom Stubby
Spine copy 

number 0.3 ± 0.1 0.4 ± 0.2

% of total protein 0.0 ± 0.0% 0.0 ± 0.0%
Molarity (µM) 0.0 ± 0.0 0.0 ± 0.0

PSD copy number 0 ± 0.0 0 ± 0.0

% in PSD 0.0 ± 0.0% 0.0 ± 0.0%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 0.3 ± 0.1 0.0 ± 0.0% 0.0 ± 0.0 0 ± 0.0
Stubby 0.4 ± 0.2 0.0 ± 0.0% 0.0 ± 0.0 0 ± 0.0

R² = 0.29
p < 0.05

R² = 0.03
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 0.3 ± 0.1 0.0 ± 0.0% 0.0 ± 0.0 0 ± 0.0
Stubby 0.4 ± 0.2 0.0 ± 0.0% 0.0 ± 0.0 0 ± 0.0



LNGFR (p75NTR Gene: Ngfr, Uniprot ID: P07174)
Known function: Neurotrophic signaling, Recognizes all neurotrophins, Involved in LTD
Known organization: Transmembrane protein
Known Interactions: TrkB, BDNF
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Whole cell copy 
number

2945133.1 ± 1352814.7
(extrapolated)

Spine copy 
number 535.5 ± 262.0

Function Receptor

Mushroom Stubby
Spine copy 

number 437.0 ± 213.8 692.4 ± 338.7

% of total protein 0.1 ± 0.0% 0.1 ± 0.1%
Molarity (µM) 5.5 ± 2.7 6.5 ± 3.2

PSD copy number 136 ± 66.5 102 ± 49.9

% in PSD 31.1 ± 15.2% 14.7 ± 7.2%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 437.0 ± 213.8 0.1 ± 0.0% 5.5 ± 2.7 136 ± 66.5
Stubby 692.4 ± 338.7 0.1 ± 0.1% 6.5 ± 3.2 102 ± 49.9

R² = 0.06
p > 0.05

R² = 0.10
p < 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 437.0 ± 213.8 0.1 ± 0.0% 5.5 ± 2.7 136 ± 66.5
Stubby 692.4 ± 338.7 0.1 ± 0.1% 6.5 ± 3.2 102 ± 49.9



mAChR1 (HM1, Gene: Chrm1, Uniprot ID: P08482)
Known function: Activates PLC, Regulates intracellular calcium release, Reduces potassium conductance
Known organization: Transmembrane protein, Enriched at dendrites and PSDs
Known Interactions: Gq coupled
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Whole cell copy 
number 167243.2 ± 38253.7

Spine copy 
number 33.9 ± 8.7

Function Receptor

Mushroom Stubby
Spine copy 

number 25.9 ± 6.6 42.7 ± 10.9

% of total protein 0.0 ± 0.0% 0.0 ± 0.0%
Molarity (µM) 0.3 ± 0.1 0.4 ± 0.1

PSD copy number 6 ± 1.5 7 ± 1.8

% in PSD 23.2 ± 5.9% 16.4 ± 4.2%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 25.9 ± 6.6 0.0 ± 0.0% 0.3 ± 0.1 6 ± 1.5
Stubby 42.7 ± 10.9 0.0 ± 0.0% 0.4 ± 0.1 7 ± 1.8

R² = 0.30
p < 0.05

R² = 0.26
p < 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 25.9 ± 6.6 0.0 ± 0.0% 0.3 ± 0.1 6 ± 1.5
Stubby 42.7 ± 10.9 0.0 ± 0.0% 0.4 ± 0.1 7 ± 1.8



MAP2 (Gene: Map2, Uniprot ID: P15146)
Known function: Stabilizes microtubules, Crosslinks microtubules with neurofilaments
Known organization: Cytosolic
Known Interactions: Microtubules, Neurofilaments
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Whole cell copy 
number

9870823.5 ± 4489022.1
(extrapolated)

Spine copy 
number 2461.7 ± 991.2

Function Cytoskeleton

Mushroom Stubby
Spine copy 

number 1784.8 ± 718.7 3424.1 ± 1378.7

% of total protein 1.7 ± 0.7% 2.8 ± 1.1%
Molarity (µM) 22.7 ± 9.1 32.4 ± 13.0

PSD copy number 283 ± 114.0 399 ± 160.7

% in PSD 15.9 ± 6.4% 11.7 ± 4.7%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 1784.8 ± 718.7 1.7 ± 0.7% 22.7 ± 9.1 283 ± 114.0
Stubby 3424.1 ± 1378.7 2.8 ± 1.1% 32.4 ± 13.0 399 ± 160.7

R² = 0.16
p < 0.05

R² = 0.25
p < 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 1784.8 ± 718.7 1.7 ± 0.7% 22.7 ± 9.1 283 ± 114.0
Stubby 3424.1 ± 1378.7 2.8 ± 1.1% 32.4 ± 13.0 399 ± 160.7



mGluR1 (Gene: Grm1, Uniprot ID: P23385)
Known function: Activates PKC and PLC, Regulates intracellular calcium release, Involved in LTP and 
homeostatic plasticity, Activates cannabinoid synthesis
Known organization: Transmembrane protein, Perisynaptic
Known Interactions: Gq coupled, mGluR5, Homer proteins
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Whole cell copy 
number 8050.9 ± 4005.3

Spine copy 
number 0.4 ± 0.3

Function Receptor

Mushroom Stubby
Spine copy 

number 0.4 ± 0.2 0.5 ± 0.3

% of total protein 0.0 ± 0.0% 0.0 ± 0.0%
Molarity (µM) 0.0 ± 0.0 0.0 ± 0.0

PSD copy number 0 ± 0.0 0 ± 0.0

% in PSD 0.0 ± 0.0% 0.0 ± 0.0%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 0.4 ± 0.2 0.0 ± 0.0% 0.0 ± 0.0 0 ± 0.0
Stubby 0.5 ± 0.3 0.0 ± 0.0% 0.0 ± 0.0 0 ± 0.0

R² = 0.13
p > 0.05

R² = 0.23
p < 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 0.4 ± 0.2 0.0 ± 0.0% 0.0 ± 0.0 0 ± 0.0
Stubby 0.5 ± 0.3 0.0 ± 0.0% 0.0 ± 0.0 0 ± 0.0



mGluR2 (Gene: Grm2, Uniprot ID: P31421)
Known function: Inhibits PLC, Regulates intracellular calcium release
Known organization: Poorly understood
Known Interactions: Gi coupled, GRIP
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Whole cell copy 
number

741301.6 ± 379907.8
(extrapolated)

Spine copy 
number 53.2 ± 16.6

Function Receptor

Mushroom Stubby
Spine copy 

number 41.9 ± 13.1 67.0 ± 20.9

% of total protein 0.0 ± 0.0% 0.0 ± 0.0%
Molarity (µM) 0.5 ± 0.2 0.6 ± 0.2

PSD copy number 8 ± 2.5 6 ± 1.9

% in PSD 19.1 ± 5.9% 9.0 ± 2.8%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 41.9 ± 13.1 0.0 ± 0.0% 0.5 ± 0.2 8 ± 2.5
Stubby 67.0 ± 20.9 0.0 ± 0.0% 0.6 ± 0.2 6 ± 1.9

R² = 0.15
p < 0.05

R² = 0.18
p < 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 41.9 ± 13.1 0.0 ± 0.0% 0.5 ± 0.2 8 ± 2.5
Stubby 67.0 ± 20.9 0.0 ± 0.0% 0.6 ± 0.2 6 ± 1.9



mGluR5 (Gene: Grm5, Uniprot ID: P31424)
Known function: Activates PKC and PLC, Regulates intracellular calcium release, Involved in LTP and 
homeostatic plasticity, Activates cannabinoid synthesis
Known organization: Transmembrane protein, Perisynaptic
Known Interactions: Gq coupled, mGluR1, Homer proteins
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Whole cell copy 
number

390630.7 ± 122503
(extrapolated)

Spine copy 
number 108.3 ± 26.7

Function Receptor

Mushroom Stubby
Spine copy 

number 80.3 ± 19.8 152.7 ± 37.7

% of total protein 0.1 ± 0.0% 0.1 ± 0.0%
Molarity (µM) 1.0 ± 0.3 1.4 ± 0.4

PSD copy number 26 ± 6.4 10 ± 2.5

% in PSD 32.4 ± 8.0% 6.6 ± 1.6%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 80.3 ± 19.8 0.1 ± 0.0% 1.0 ± 0.3 26 ± 6.4
Stubby 152.7 ± 37.7 0.1 ± 0.0% 1.4 ± 0.4 10 ± 2.5

R² = 0.18
p < 0.05

R² = 0.10
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 80.3 ± 19.8 0.1 ± 0.0% 1.0 ± 0.3 26 ± 6.4
Stubby 152.7 ± 37.7 0.1 ± 0.0% 1.4 ± 0.4 10 ± 2.5



Myosin5a (Gene: Myo5a, Uniprot ID: Q9QYF3)
Known function: Transport of GluR1 and GluR2 during LTP, Regulates ER localization, Transport of vari-
ous other cargos
Known organization: Cytosolic
Known Interactions: Actin
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Whole cell copy 
number

150424230.8 ± 235143509.7
(extrapolated)

Spine copy 
number 3802.9 ± 3100.7

Function Receptor

Mushroom Stubby
Spine copy 

number
2986.8  

± 2435.3
4938.1

± 4026.3
% of total protein 3.1 ± 2.5% 4.4 ± 3.6%

Molarity (µM) 37.9 ± 30.9 46.7 ± 38.1

PSD copy number 382 ± 311.5 576 ± 469.6

% in PSD 12.8 ± 10.4% 11.7 ± 9.5%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 2986.8 ± 2435.3 3.1 ± 2.5% 37.9 ± 30.9 382 ± 311.5
Stubby 4938.1 ± 4026.3 4.4 ± 3.6% 46.7 ± 38.1 576 ± 469.6

R² = 0.58
p < 0.05

R² = 0.22
p < 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 2986.8 ± 2435.3 3.1 ± 2.5% 37.9 ± 30.9 382 ± 311.5
Stubby 4938.1 ± 4026.3 4.4 ± 3.6% 46.7 ± 38.1 576 ± 469.6



Na β 1 (Gene: Scnb1, Uniprot ID: Q00954)
Known function: Modulates sodium channel properties, Acts as adhesion molecule
Known organization: Transmembrane protein
Known Interactions: Nav1.1, Nav1.3
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Whole cell copy 
number 714636.5 ± 139941.4

Spine copy 
number 285.4 ± 71.5

Function Ion channel

Mushroom Stubby
Spine copy 

number 243.6 ± 61.0 342.1 ± 85.7

% of total protein 0.0 ± 0.0% 0.0 ± 0.0%
Molarity (µM) 3.1 ± 0.8 3.2 ± 0.8

PSD copy number 41 ± 10.3 33 ± 8.3

% in PSD 16.8 ± 4.2% 9.6 ± 2.4%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 243.6 ± 61.0 0.0 ± 0.0% 3.1 ± 0.8 41 ± 10.3
Stubby 342.1 ± 85.7 0.0 ± 0.0% 3.2 ± 0.8 33 ± 8.3

R² = 0.19
p < 0.05

R² = 0.11
p < 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 243.6 ± 61.0 0.0 ± 0.0% 3.1 ± 0.8 41 ± 10.3
Stubby 342.1 ± 85.7 0.0 ± 0.0% 3.2 ± 0.8 33 ± 8.3



Na+/K+ ATPase (Gene: Atp1a3, Uniprot ID: P06687)
Known function: Maintains resting potential
Known organization: Transmembrane protein, Forms clusters
Known Interactions: None
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Whole cell copy 
number 29929991.7 ± 1624205.1

Spine copy 
number 6166.8 ± 1477.8

Function Ion channel

Mushroom Stubby
Spine copy 

number
4473.8  

± 1072.1
8111.4

± 1943.8
% of total protein 2.4 ± 0.6% 3.8 ± 0.9%

Molarity (µM) 56.8 ± 13.6 76.7 ± 18.4

PSD copy number 720 ± 172.5 1705 ± 408.6

% in PSD 16.1 ± 3.9% 21.0 ± 5.0%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 4473.8 ± 1072.1 2.4 ± 0.6% 56.8 ± 13.6 720 ± 172.5
Stubby 8111.4± 1943.8 3.8 ± 0.9% 76.7 ± 18.4 1705 ± 408.6

R² = 0.15
p < 0.05

R² = 0.09
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 4473.8 ± 1072.1 2.4 ± 0.6% 56.8 ± 13.6 720 ± 172.5
Stubby 8111.4± 1943.8 3.8 ± 0.9% 76.7 ± 18.4 1705 ± 408.6



Nav1.1 (Gene: Scn1a, Uniprot ID: P04774)
Known function: Sodium channel
Known organization: Transmembrane protein
Known Interactions: Na β 1
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Whole cell copy 
number 81566.9 ± 6386.5

Spine copy 
number 17.7 ± 3.1

Function Ion channel

Mushroom Stubby
Spine copy 

number 14.4 ± 2.5 21.7 ± 3.8

% of total protein 0.0 ± 0.0% 0.0 ± 0.0%
Molarity (µM) 0.2 ± 0.0 0.2 ± 0.0

PSD copy number 1 ± 0.2 2 ± 0.3

% in PSD 7.0 ± 1.2% 9.2 ± 1.6%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 14.4 ± 2.5 0.0 ± 0.0% 0.2 ± 0.0 1 ± 0.2
Stubby 21.7 ± 3.8 0.0 ± 0.0% 0.2 ± 0.0 2 ± 0.3

R² = 0.29
p < 0.05

R² = 0.31
p < 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 14.4 ± 2.5 0.0 ± 0.0% 0.2 ± 0.0 1 ± 0.2
Stubby 21.7 ± 3.8 0.0 ± 0.0% 0.2 ± 0.0 2 ± 0.3



Nav1.3 (Gene: Scn3a, Uniprot ID: P08104)
Known function: Sodium channel
Known organization: Transmembrane protein
Known Interactions: Na β 1
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Whole cell copy 
number 2645.3 ± 454.1

Spine copy 
number 0.1 ± 0.1

Function Ion channel

Mushroom Stubby
Spine copy 

number 0.1 ± 0.1 0.1 ± 0.1

% of total protein 0.0 ± 0.0% 0.0 ± 0.0%
Molarity (µM) 0.0 ± 0.0 0.0 ± 0.0

PSD copy number 0 ± 0.0 0 ± 0.0

% in PSD 0.0 ± 0.0% 0.0 ± 0.0%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 0.1 ± 0.1 0.0 ± 0.0% 0.0 ± 0.0 0 ± 0.0
Stubby 0.1 ± 0.1 0.0 ± 0.0% 0.0 ± 0.0 0 ± 0.0

R² = 0.07
p > 0.05

R² = 0.10
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 0.1 ± 0.1 0.0 ± 0.0% 0.0 ± 0.0 0 ± 0.0
Stubby 0.1 ± 0.1 0.0 ± 0.0% 0.0 ± 0.0 0 ± 0.0



Neurofilament H (Gene: Nefh, Uniprot ID: P16884)
Known function: Forms neurofilaments, Regulates ER and Endosome location
Known organization: Cytosolic, Forms triplet with Neurofilament L and M
Known Interactions: Neurofilament L and M, α-internexin, DLGAP1, Myosin5a, Dopamine D1 receptor
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Whole cell copy 
number 428846.5 ± 342726.1

Spine copy 
number 48.0 ± 42.5

Function Cytoskeleton

Mushroom Stubby
Spine copy 

number 37.3 ± 33.1 65.9 ± 58.4

% of total protein 0.0 ± 0.0% 0.0 ± 0.0%
Molarity (µM) 0.5 ± 0.4 0.6 ± 0.6

PSD copy number 4 ± 3.5 7 ± 6.2

% in PSD 10.7 ± 9.5% 10.6 ± 9.4%



Eccentricity
Top of head

Center of head

Bottom of head

0
10
20
30
40
50

Enrichment PSD

Fo
ld

ov
er

sh
af

t

Laterality

Center of head

left/right of head

0
1000
2000
3000
4000
5000

Distance to PSD

(n
m

)

0
1
2
3
4
5

Enrichment Head

Fo
ld

ov
er

sh
af

t

0

500

1000

1500
Nearest neighbor

(n
m

)

Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 37.3 ± 33.1 0.0 ± 0.0% 0.5 ± 0.4 4 ± 3.5
Stubby 65.9 ± 58.4 0.0 ± 0.0% 0.6 ± 0.6 7 ± 6.2

R² = 0.15
p < 0.05

R² = 0.02
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 37.3 ± 33.1 0.0 ± 0.0% 0.5 ± 0.4 4 ± 3.5
Stubby 65.9 ± 58.4 0.0 ± 0.0% 0.6 ± 0.6 7 ± 6.2



Neurofilament L (Gene: Nefl, Uniprot ID: P19527)
Known function: Forms neurofilaments, Regulates ER and Endosome location
Known organization: Cytosolic, Forms triplet with Neurofilament L and M
Known Interactions: Neurofilament L and M, α-internexin, DLGAP1, Myosin5a, Dopamine D1 receptor
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Whole cell copy 
number 5345200.7 ± 1726386.6

Spine copy 
number 428.3 ± 248.4

Function Cytoskeleton

Mushroom Stubby
Spine copy 

number 371.2 ± 215.3 486.4 ± 282.1

% of total protein 0.1 ± 0.1% 0.1 ± 0.1%
Molarity (µM) 4.7 ± 2.7 4.6 ± 2.7

PSD copy number 65 ± 37.7 68 ± 39.4

% in PSD 17.5 ± 10.2% 14.0 ± 8.1%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 371.2 ± 215.3 0.1 ± 0.1% 4.7 ± 2.7 65 ± 37.7
Stubby 486.4 ± 282.1 0.1 ± 0.1% 4.6 ± 2.7 68 ± 39.4

R² = 0.06
p > 0.05

R² = 0.01
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 371.2 ± 215.3 0.1 ± 0.1% 4.7 ± 2.7 65 ± 37.7
Stubby 486.4 ± 282.1 0.1 ± 0.1% 4.6 ± 2.7 68 ± 39.4



Neuronal NO synthethase (nNOS, Gene: Nos1, Uniprot ID: P29476)
Known function: Production of NO, Activates cGMP production and Akt, Has neuroprotective functions by 
regulating glutamate and GABA release as well as NMDA receptors, Acts as retrograde signalling molecule
Known organization: Cytosolic
Known Interactions: Calmodulin, NMDA receptors, PSD93, PSD95
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Whole cell copy 
number 104564.9 ± 28042.5

Spine copy 
number 28.1 ± 8.2

Function Signaling

Mushroom Stubby
Spine copy 

number 23.9 ± 7.0 33.3 ± 9.7

% of total protein 0.0 ± 0.0% 0.0 ± 0.0%
Molarity (µM) 0.3 ± 0.1 0.3 ± 0.1

PSD copy number 7 ± 2.0 5 ± 1.5

% in PSD 29.2 ± 8.5% 15.0 ± 4.4%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 23.9 ± 7.0 0.0 ± 0.0% 0.3 ± 0.1 7 ± 2.0
Stubby 33.3 ± 9.7 0.0 ± 0.0% 0.3 ± 0.1 5 ± 1.5

R² = 0.16
p < 0.05

R² = 0.45
p < 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 23.9 ± 7.0 0.0 ± 0.0% 0.3 ± 0.1 7 ± 2.0
Stubby 33.3 ± 9.7 0.0 ± 0.0% 0.3 ± 0.1 5 ± 1.5



NSF (Vesicle-fusing ATPase, Gene: Nsf, Uniprot ID: Q9QUL6)
Known function: Disassembly of trans-SNARE complexes
Known organization: Cytosolic, Homohexamer
Known Interactions: α and β SNAP, GluR2
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Whole cell copy 
number 10485623.2 ± 276848.8

Spine copy 
number 2916.4 ± 400.8

Function SNAREs and assoc. proteins

Mushroom Stubby
Spine copy 

number 2343.6 ± 322.1 3721.2 ± 511.4

% of total protein 0.9 ± 0.1% 1.3 ± 0.2%
Molarity (µM) 29.8 ± 4.1 35.2 ± 4.8

PSD copy number 604 ± 83.0 451 ± 62.0

% in PSD 25.8 ± 3.5% 12.1 ± 1.7%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 2343.6 ± 322.1 0.9 ± 0.1% 29.8 ± 4.1 604 ± 83.0
Stubby 3721.2 ± 511.4 1.3 ± 0.2% 35.2 ± 4.8 451 ± 62.0

R² = 0.33
p < 0.05

R² = 0.22
p < 0.05



References
Antibody: Synaptic Systems 132 002		  PDB Identifier: 3j94  
Literature:
Block et al., 1988, Proc. Natl. Acad. Sci. U S A
Clary et al., 1990, Cell
Evers et al., 2010, Nat. Neurosci.
Hanson et al., 1995, J. Biol. Chem.
Hohl et al., 1998, Mol. Cell
Söllner et al., 1993a, Nature
Söllner et al., 1993b, Cell
Wilson et al., 1989, Nature

Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 2343.6 ± 322.1 0.9 ± 0.1% 29.8 ± 4.1 604 ± 83.0
Stubby 3721.2 ± 511.4 1.3 ± 0.2% 35.2 ± 4.8 451 ± 62.0



Parvalbumin (Genes: Pvalb, Uniprot ID: P02625)
Known function: Calcium buffer, involved in Alzheimer‘s disease
Known organization: Cytosolic
Known Interactions: None

M
us

hr
oo

m
St

ub
by

AverageOverlayDiO and Homer Parvalbumin

PSD
ce

nte
r

PSD
ce

ntr
al

are
a

PSD
ou

ter
are

a

La
ter

al
pe

ris
yn

ap
tic

Upp
er

pe
ris

yn
ap

tic

Top
pe

ris
yn

ap
tic

Hea
d lat

era
l m

em
bra

ne

Hea
d low

er
lat

era
l c

yto
so

l

Mem
bra

ne
low

er
he

ad

Lo
wer

he
ad

ce
ntr

al
cy

tos
ol

Nec
k lat

era
l c

yto
so

l

Nec
k ce

ntr
al

cy
tos

ol

Nec
k bo

tto
m

mem
bra

ne

Nec
k roo

t c
yto

so
l

Sha
ft b

as
e cy

tos
ol

-0.4

-0.2

0.0

0.2

0.4
Zone enrichment mushroom

Fo
ld

di
ffe

re
nc

e
to

to
ta

lp
ro

te
in

PSD
ce

nte
r

PSD
ce

ntr
al

are
a

PSD
ou

ter
are

a

La
ter

al
pe

ris
yn

ap
tic

Prox
im

al
pe

ris
yn

ap
tic

Dist
al

pe
ris

yn
ap

tic

Firs
t c

irc
ula

r zo
ne

Sec
on

d cir
cu

lar
zo

ne

Thir
d cir

cu
lar

zo
ne

Fou
rth

cir
cu

lar
zo

ne

Fifth
cir

cu
lar

zo
ne

-1.0

-0.5

0.0

0.5

1.0
Zone enrichment stubby

Fo
ld

di
ffe

re
nc

e
to

to
ta

lp
ro

te
in

Whole cell copy 
number 891723.7 ± 778526.3

Spine copy 
number 74.5 ± 72.2

Function SNAREs and assoc. proteins

Mushroom Stubby
Spine copy 

number 65.1 ± 63.1 83.0 ± 80.5

% of total protein 0.0± 0.0% 0.0 ± 0.0%
Molarity (µM) 0.8 ± 0.8 0.8 ± 0.8

PSD copy number 17 ± 16.5 12 ± 11.6

% in PSD 26.1 ± 25.3% 14.5 ± 14.0%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 65.1 ± 63.1 0.0± 0.0% 0.8 ± 0.8 17 ± 16.5
Stubby 83.0 ± 80.5 0.0± 0.0% 0.8 ± 0.8 12 ± 11.6

R² = 0.14
p < 0.05

R² = 0.08
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 65.1 ± 63.1 0.0± 0.0% 0.8 ± 0.8 17 ± 16.5
Stubby 83.0 ± 80.5 0.0± 0.0% 0.8 ± 0.8 12 ± 11.6



PSD93 (Dlg2, Chapsyn-110, Gene: Dlg2, Uniprot ID: Q63622)
Known function: Major organizer of the PSD
Known organization: Membrane-associated, Forms supercomplexes with other scaffolds, receptors and 
other proteins
Known Interactions: PSD95, NMDA receptors, nNOS, Kir2.1
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Whole cell copy 
number 765847.1 ± 25826.4

Spine copy 
number 255.8 ± 23.6

Function PSD scaffolds

Mushroom Stubby
Spine copy 

number 220.7 ± 20.4 318.7 ± 29.4

% of total protein 0.1 ± 0.0% 0.1 ± 0.0%
Molarity (µM) 2.8 ± 0.3 3.0 ± 0.3

PSD copy number 72 ± 6.7 88 ± 8.1

% in PSD 32.6 ± 3.0% 27.6 ± 2.6%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 220.7 ± 20.4 0.1 ± 0.0% 2.8 ± 0.3 72 ± 6.7
Stubby 318.7 ± 29.4 0.1 ± 0.0% 3.0 ± 0.3 88 ± 8.1

R² = 0.48
p < 0.05

R² = 0.21
p < 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 220.7 ± 20.4 0.1 ± 0.0% 2.8 ± 0.3 72 ± 6.7
Stubby 318.7 ± 29.4 0.1 ± 0.0% 3.0 ± 0.3 88 ± 8.1



PSD95 (Dlg4, Sap90, Gene: Dlg4, Uniprot ID: P31016)
Known function: Major organizer of the PSD
Known organization: Membrane-associated and cytosolic, Forms supercomplexes with other scaffolds, 
receptors and other proteins, Forms Nanodomains
Known Interactions: PSD93, NMDA receptors, nNOS, Potassium channels
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Whole cell copy 
number 1149048.0 ± 116158.6

Spine copy 
number 525.2 ± 76.7

Function PSD scaffolds

Mushroom Stubby
Spine copy 

number 550.3 ± 80.4 539.1 ± 78.8

% of total protein 0.2 ± 0.0% 0.2 ± 0.0%
Molarity (µM) 7.0 ± 1.0 5.1 ± 0.7

PSD copy number 240 ± 35.1 261 ± 38.1

% in PSD 43.6 ± 6.4% 48.4 ± 7.1%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 550.3 ± 80.4 0.2 ± 0.0% 7.0 ± 1.0 240 ± 35.1
Stubby 539.1 ± 78.8 0.2 ± 0.0% 5.1 ± 0.7 261 ± 38.1

R² = 0.64
p < 0.05

R² = 0.34
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 550.3 ± 80.4 0.2 ± 0.0% 7.0 ± 1.0 240 ± 35.1
Stubby 539.1 ± 78.8 0.2 ± 0.0% 5.1 ± 0.7 261 ± 38.1



Rab3 (Gene: Rab3a, Uniprot ID: P63012)
Known function: SV and neuroendocrine exocytosis
Known organization: Membrane-associated and cytosolic
Known Interactions: None
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Whole cell copy 
number 54783683.8 ± 2509720.8

Spine copy 
number 7270.0 ± 2572.7

Function Exo-/Endocytosis cofactors

Mushroom Stubby
Spine copy 

number
7012.6 

± 2481.6
8139.6 

± 2880.5
% of total protein 0.9 ± 0.3% 0.9 ± 0.3%

Molarity (µM) 89.1 ± 31.5 76.9 ± 27.2

PSD copy number 543 ± 192.2 954 ± 337.6

% in PSD 7.7 ± 2.7% 11.7 ± 4.1%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 7012.6 ± 2481.6 0.9 ± 0.3% 89.1 ± 31.5 543 ± 192.2
Stubby 8139.6 ± 2880.5 0.9 ± 0.3% 76.9 ± 27.2 954 ± 337.6

R² = 0.37
p < 0.05

R² = 0.33
p < 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 7012.6 ± 2481.6 0.9 ± 0.3% 89.1 ± 31.5 543 ± 192.2
Stubby 8139.6 ± 2880.5 0.9 ± 0.3% 76.9 ± 27.2 954 ± 337.6



Rab4 (Gene: Rab4a, Uniprot ID: P05714)
Known function: Early/recycling endosomes to PM traffick, Basal AMPAR recycling
Known organization: Membrane-associated and cytosolic
Known Interactions: None
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Whole cell copy 
number 2359845.6 ± 220211.7

Spine copy 
number 212.8 ± 55.2

Function Exo-/Endocytosis cofactors

Mushroom Stubby
Spine copy 

number 197.2 ± 51.2 233.3 ± 60.5

% of total protein 0.0 ± 0.0% 0.0 ± 0.0%
Molarity (µM) 2.5 ± 0.6 2.2 ± 0.6

PSD copy number 10 ± 0.6 14 ± 3.6

% in PSD 5.1 ± 1.3% 6.0 ± 1.6%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 197.2 ± 51.2 0.0 ± 0.0% 2.5 ± 0.6 10 ± 0.6
Stubby 233.3 ± 60.5 0.0 ± 0.0% 2.2 ± 0.6 14 ± 3.6

R² = 0.62
p < 0.05

R² = 0.23
p < 0.05



References
Antibody: BD Biosciences 610888			   PDB Identifier: 1yu9
Literature:
Brown et al., 2007, J. Neurosci.
de Wit et al., 2001, Mol. Biol. Cell.
Gu and Huganir, 2016, Proc. Natl. Acad. Sci. U S A
Hoogenraad et al., 2010, PLoS Biol.
Mohrmann et al., 2002,  J. Biol. Chem.

Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 197.2 ± 51.2 0.0 ± 0.0% 2.5 ± 0.6 10 ± 0.6
Stubby 233.3 ± 60.5 0.0 ± 0.0% 2.2 ± 0.6 14 ± 3.6



Rab5 (Gene: Rab5a, Uniprot ID: M0RC99)
Known function: Early endosome trafficking, Basal AMPAR recycling
Known organization: Membrane-associated and cytosolic
Known Interactions: Syntaxin13
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Whole cell copy 
number 22383583.4 ± 1784814.1

Spine copy 
number 4850.6 ± 827.7

Function Exo-/Endocytosis cofactors

Mushroom Stubby
Spine copy 

number 3574.0 ± 609.9 6685.3 ± 1140.8

% of total protein 0.4 ± 0.1% 0.7 ± 0.1%
Molarity (µM) 45.4 ± 7.7 63.2 ± 10.8

PSD copy number 439 ± 74.9 1418 ± 242.0

% in PSD 12.3 ± 2.1% 21.2 ± 3.6%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 3574.0 ± 609.9 0.4 ± 0.1% 45.4 ± 7.7 439 ± 74.9
Stubby 6685.3 ± 1140.8 0.7 ± 0.1% 63.2 ± 10.8 1418 ± 242.0

R² = 0.12
p > 0.05

R² = 0.15
p < 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 3574.0 ± 609.9 0.4 ± 0.1% 45.4 ± 7.7 439 ± 74.9
Stubby 6685.3 ± 1140.8 0.7 ± 0.1% 63.2 ± 10.8 1418 ± 242.0



Rab7 (Gene: Rab7a, Uniprot ID: P09527)
Known function: Late endosome to lysosome trafficking, Involved in AMPAR trafficking
Known organization: Membrane-associated and cytosolic
Known Interactions: None
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Whole cell copy 
number 36822225.3 ± 1784814.1

Spine copy 
number 7539.5 ± 1488.4

Function Exo-/Endocytosis cofactors

Mushroom Stubby
Spine copy 

number 5658.7 ± 1117.1 9802.5 ± 1935.2

% of total protein 0.6 ± 0.1% 1.0 ± 0.2%
Molarity (µM) 71.9 ± 14.2 92.6 ± 18.3

PSD copy number 538 ± 106.2 708 ± 139.8

% in PSD 9.5 ± 1.9% 7.2 ± 1.4%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 5658.7 ± 1117.1 0.6 ± 0.1% 71.9 ± 14.2 538 ± 106.2
Stubby 9802.5 ± 1935.2 1.0 ± 0.2% 92.6 ± 18.3 708 ± 139.8

R² = 0.17
p < 0.05

R² = 0.13
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 5658.7 ± 1117.1 0.6 ± 0.1% 71.9 ± 14.2 538 ± 106.2
Stubby 9802.5 ± 1935.2 1.0 ± 0.2% 92.6 ± 18.3 708 ± 139.8



Rab9 (Gene: Rab9a, Uniprot ID: Q99P75)
Known function: Late endosome to TGN trafficking
Known organization: Membrane-associated and cytosolic
Known Interactions: None
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Whole cell copy 
number 3743037.1 ± 1160145.4

Spine copy 
number 53.4 ± 104.1

Function Exo-/Endocytosis cofactors

Mushroom Stubby
Spine copy 

number 51.5 ± 100.3 56.3 ± 109.7

% of total protein 0.0 ± 0.0% 0.0 ± 0.0%
Molarity (µM) 0.7 ± 1.3 0.5 ± 1.0

PSD copy number 0 ± 0.0 0 ± 0.0

% in PSD 0.0 ± 0.0% 0.0 ± 0.0%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 51.5 ± 100.3 0.0 ± 0.0% 0.7 ± 1.3 0 ± 0.0
Stubby 56.3 ± 109.7 0.0 ± 0.0% 0.5 ± 1.0 0 ± 0.0

R² = 0.11
p > 0.05

R² = 0.03
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 51.5 ± 100.3 0.0 ± 0.0% 0.7 ± 1.3 0 ± 0.0
Stubby 56.3 ± 109.7 0.0 ± 0.0% 0.5 ± 1.0 0 ± 0.0



Rab11 (Gene: Rab11a, Uniprot ID: P62494)
Known function: TGN to PM trafficking, Involved in basal and regulated AMPAR and TrkB trafficking, In-
volved in neurite growth
Known organization: Membrane-associated and cytosolic
Known Interactions: None
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Whole cell copy 
number 18244831.1 ± 1801809.0

Spine copy 
number 863.5 ± 506.1

Function Exo-/Endocytosis cofactors

Mushroom Stubby
Spine copy 

number 1059.3 ± 620.9 749.3 ± 439.2

% of total protein 0.1 ± 0.1% 0.1 ± 0.0%
Molarity (µM) 13.5 ± 7.9 7.1 ± 4.2

PSD copy number 206 ± 120.8 76 ± 44.5

% in PSD 19.4 ± 11.4% 10.1 ± 5.9%



Eccentricity
Top of head

Center of head

Bottom of head

0

5

10

15

20
Enrichment PSD

Fo
ld

ov
er

sh
af

t

Laterality

Center of head

left/right of head

0

1000

2000

3000

4000
Distance to PSD

(n
m

)

0

2

4

6
Enrichment Head

Fo
ld

ov
er

sh
af

t

0

500

1000

1500
Nearest neighbor

(n
m

)

Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 1059.3 ± 620.9 0.1 ± 0.1% 13.5 ± 7.9 206 ± 120.8
Stubby 749.3 ± 439.2 0.1 ± 0.0% 7.1 ± 4.2 76 ± 44.5

R² = 0.56
p < 0.05

R² = 0.20
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 1059.3 ± 620.9 0.1 ± 0.1% 13.5 ± 7.9 206 ± 120.8
Stubby 749.3 ± 439.2 0.1 ± 0.0% 7.1 ± 4.2 76 ± 44.5



Rapsyn (Gene: Rapsn, Uniprot ID: D3ZPG2)
Known function: Binds and clusters nAChR to the PSD, E3 ligase activity
Known organization: In PSD, very dynamic
Known Interactions: None
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Whole cell copy 
number 3388460.4 ± 748084.5

Spine copy 
number 206.5 ± 97.5

Function PSD Scaffold

Mushroom Stubby
Spine copy 

number 207.1 ± 97.7 223.9 ± 105.7

% of total protein 0.0 ± 0.0% 0.0 ± 0.0%
Molarity (µM) 2.6 ± 1.2 2.1 ± 1.0

PSD copy number 38 ± 17.9 27 ± 12.7

% in PSD 18.4 ± 8.7% 12.1 ± 5.7%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 207.1 ± 97.7 0.0 ± 0.0% 2.6 ± 1.2 38 ± 17.9
Stubby 223.9 ± 105.7 0.0 ± 0.0% 2.1 ± 1.0 27 ± 12.7

R² = 0.22
p < 0.05

R² = 0.07
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 207.1 ± 97.7 0.0 ± 0.0% 2.6 ± 1.2 38 ± 17.9
Stubby 223.9 ± 105.7 0.0 ± 0.0% 2.1 ± 1.0 27 ± 12.7



Ribosomal protein L7a (Gene: Rpl7a, Uniprot ID: P62425)
Known function: Translation
Known organization: Cytosolic, on 60S subunit
Known Interactions: 40S ribosomal subunit
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Whole cell copy 
number 18429434.9 ± 1939750.3

Spine copy 
number 241.8 ± 290.7

Function Organelle

Mushroom Stubby
Spine copy 

number 206.7 ± 248.5 292.9 ± 352.1

% of total protein 0.0 ± 0.0% 0.0 ± 0.0%
Molarity (µM) 2.6 ± 3.2 2.8 ± 3.3

PSD copy number 28 ± 33.7 20 ± 24.0

% in PSD 13.5 ± 16.3% 6.8 ± 8.2%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 206.7 ± 248.5 0.0 ± 0.0% 2.6 ± 3.2 28 ± 33.7
Stubby 292.9 ± 352.1 0.0 ± 0.0% 2.8 ± 3.3 20 ± 24.0

R² = 0.09
p < 0.05

R² = 0.07
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 206.7 ± 248.5 0.0 ± 0.0% 2.6 ± 3.2 28 ± 33.7
Stubby 292.9 ± 352.1 0.0 ± 0.0% 2.8 ± 3.3 20 ± 24.0



Ribosomal protein S3 (Gene: Rps3, Uniprot ID: P62909)
Known function: Translation
Known organization: Cytosolic, on 40S subunit
Known Interactions: 60S ribosomal subunit
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Whole cell copy 
number 22971897.3 ± 2234796.0

Spine copy 
number 1675.1 ± 618.7

Function Organelle

Mushroom Stubby
Spine copy 

number 1272.8 ± 470.2 2221.6 ± 820.6

% of total protein 0.2 ± 0.1% 0.2 ± 0.1%
Molarity (µM) 16.2 ± 6.0 21.0 ± 7.8

PSD copy number 140 ± 51.7 235 ± 86.8

% in PSD 11.0 ± 4.1% 10.6 ± 3.9%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 1272.8 ± 470.2 0.2 ± 0.1% 16.2 ± 6.0 140 ± 51.7
Stubby 2221.6 ± 820.6 0.2 ± 0.1% 21.0 ± 7.8 235 ± 86.8

R² = 0.09
p > 0.05

R² = 0.01
p > 0.05



References
Antibody: Cell Signaling 9538			   PDB Identifier: 4ugo
Literature:
Ban et al., 2014, Curr. Opin. Struct. Biol.
de la Cruz et al., 2015, Annu. Rev. Biochem.

Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 1272.8 ± 470.2 0.2 ± 0.1% 16.2 ± 6.0 140 ± 51.7
Stubby 2221.6 ± 820.6 0.2 ± 0.1% 21.0 ± 7.8 235 ± 86.8



Ribosomal protein S6 (Gene: Rps6, Uniprot ID: P62755)
Known function: Translation
Known organization: Cytosolic, on 40S subunit
Known Interactions: 60S ribosomal subunit
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Whole cell copy 
number 23885770.5 ± 2685969.5

Spine copy 
number not detected

Function Organelle

Mushroom Stubby
Spine copy 

number not detected not detected

% of total protein not detected not detected
Molarity (µM) not detected not detected

PSD copy number not detected not detected

% in PSD not detected not detected
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom not detected not detected not detected not detected
Stubby not detected not detected not detected not detected

R² = 0.27
p < 0.05

R² = 0.04
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom not detected not detected not detected not detected
Stubby not detected not detected not detected not detected



Sec22b (ERS24, Gene: Sec22b, Uniprot ID: Q4KM74)
Known function: R-SNARE, Antero- and retrograde ER-Golgi transport, Homotypic COPII vesicle fusion, 
Delivery of NMDAR and GABAAR to PM
Known organization: Transmembrane proteine, ER, Golgi and ERGIC
Known Interactions: Syntaxin1, Syntaxin5
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Whole cell copy 
number 8033640.6 ± 672775.5

Spine copy 
number 321.1 ± 214.8

Function SNAREs and assoc. proteins

Mushroom Stubby
Spine copy 

number 304.7 ± 203.9 371.1 ± 248.3

% of total protein 0.0 ± 0.0% 0.0 ± 0.0%
Molarity (µM) 3.9 ± 2.6 3.5 ± 2.3

PSD copy number 8 ± 5.4 10 ± 6.7

% in PSD 2.6 ± 1.8% 2.7 ± 1.8%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 304.7 ± 203.9 0.0 ± 0.0% 3.9 ± 2.6 8 ± 5.4
Stubby 371.1 ± 248.3 0.0 ± 0.0% 3.5 ± 2.3 10 ± 6.7

R² = 0.23
p < 0.05

R² = 0.36
p < 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 304.7 ± 203.9 0.0 ± 0.0% 3.9 ± 2.6 8 ± 5.4
Stubby 371.1 ± 248.3 0.0 ± 0.0% 3.5 ± 2.3 10 ± 6.7



Septin7 (Gene: Sept7, Uniprot ID: Q9WVC0)
Known function: Restricts diffussion at spine neck, Regulates spine morphology, Stabilizes PSD95 in 
spines
Known organization: Cytosolic, Forms arc or ring-like structures
Known Interactions: None
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Whole cell copy 
number 4149665.7 ± 474108.6

Spine copy 
number 838.2 ± 231.6

Function Cytoskeleton

Mushroom Stubby
Spine copy 

number 666.1 ± 184.1 986.2 ± 272.6

% of total protein 0.2 ± 0.0% 0.2 ± 0.1%
Molarity (µM) 8.5 ± 2.3 9.3 ± 2.6

PSD copy number 109 ± 30.1 83 ± 22.9

% in PSD 16.4 ± 4.5% 8.4 ± 2.3%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 666.1 ± 184.1 0.2 ± 0.0% 8.5 ± 2.3 109 ± 30.1
Stubby 986.2 ± 272.6 0.2 ± 0.1% 9.3 ± 2.6 83 ± 22.9

R² = 0.40
p < 0.05

R² = 0.11
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 666.1 ± 184.1 0.2 ± 0.0% 8.5 ± 2.3 109 ± 30.1
Stubby 986.2 ± 272.6 0.2 ± 0.1% 9.3 ± 2.6 83 ± 22.9



Shank1 (Synamon, Gene Shank1, Uniprot ID: Q9WV48)
Known function: Links the PSD to the cytoskeleton
Known organization: Cytosolic, Selfmultimerizes, Forms mesh like structure with Homer proteins, Axially 
more distal to PSD than PSD95, Forms clusters
Known Interactions: Homer proteins, DLGAP1, GluR1
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Whole cell copy 
number

923695.9 ± 190227.6
(extrapolated)

Spine copy 
number 178.8 ± 27.1

Function PSD Scaffold

Mushroom Stubby
Spine copy 

number 149.3 ± 22.6 214.5 ± 32.5

% of total protein 0.2 ± 0.0% 0.2 ± 0.0%
Molarity (µM) 1.9 ± 0.3 2.0 ± 0.3

PSD copy number 49 ± 7.4 80 ± 12.1

% in PSD 32.8 ± 5.0% 37.3 ± 5.7%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 149.3 ± 22.6 0.2 ± 0.0% 1.9 ± 0.3 49 ± 7.4
Stubby 214.5 ± 32.5 0.2 ± 0.0% 2.0 ± 0.3 80 ± 12.1

R² = 0.45
p < 0.05

R² = 0.55
p < 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 149.3 ± 22.6 0.2 ± 0.0% 1.9 ± 0.3 49 ± 7.4
Stubby 214.5 ± 32.5 0.2 ± 0.0% 2.0 ± 0.3 80 ± 12.1



Shank2 (ProSAP1, CortBP1, Gene: Shank2, Uniprot ID: Q9QX74)
Known function: Links the PSD to the cytoskeleton
Known organization: Cytosolic, Selfmultimerizes, Forms mesh like structure with Homer proteins, Axially 
more distal to PSD than PSD95, Forms clusters
Known Interactions: Homer proteins, DLGAP1, Cortactin, GluR1
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Whole cell copy 
number

10834453.7 ± 7438062.5
(extrapolated)

Spine copy 
number 238.1 ± 79.9

Function PSD Scaffold

Mushroom Stubby
Spine copy 

number 255.0 ± 85.6 231.6 ± 77.7

% of total protein 0.2 ± 0.1% 0.2 ± 0.1%
Molarity (µM) 3.2 ± 1.1 2.2 ± 0.7

PSD copy number 50 ± 16.8 61 ± 20.5

% in PSD 19.6 ± 6.6% 26.3 ± 8.8%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 255.0 ± 85.6 0.2 ± 0.1% 3.2 ± 1.1 50 ± 16.8
Stubby 231.6 ± 77.7 0.2 ± 0.1% 2.2 ± 0.7 61 ± 20.5

R² = 0.29
p < 0.05

R² = 0.21
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 255.0 ± 85.6 0.2 ± 0.1% 3.2 ± 1.1 50 ± 16.8
Stubby 231.6 ± 77.7 0.2 ± 0.1% 2.2 ± 0.7 61 ± 20.5



Shank3 (ProSAP2 Gene: Shank2, Uniprot ID: Q9JLU4)
Known function: Links the PSD to the cytoskeleton
Known organization: Cytosolic, Selfmultimerizes, Forms mesh like structure with Homer proteins, Axially 
more distal to PSD than PSD95, Forms clusters
Known Interactions: Homer proteins, DLGAP1, Cortactin, GluR1

M
us

hr
oo

m
St

ub
by

AverageOverlayDiO and Homer Shank3

PSD
ce

nte
r

PSD
ce

ntr
al

are
a

PSD
ou

ter
are

a

La
ter

al
pe

ris
yn

ap
tic

Upp
er

pe
ris

yn
ap

tic

Top
pe

ris
yn

ap
tic

Hea
d lat

era
l m

em
bra

ne

Hea
d low

er
lat

era
l c

yto
so

l

Mem
bra

ne
low

er
he

ad

Lo
wer

he
ad

ce
ntr

al
cy

tos
ol

Nec
k lat

era
l c

yto
so

l

Nec
k ce

ntr
al

cy
tos

ol

Nec
k bo

tto
m

mem
bra

ne

Nec
k roo

t c
yto

so
l

Sha
ft b

as
e cy

tos
ol

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0
Zone enrichment mushroom

Fo
ld

di
ffe

re
nc

e
to

to
ta

lp
ro

te
in

PSD
ce

nte
r

PSD
ce

ntr
al

are
a

PSD
ou

ter
are

a

La
ter

al
pe

ris
yn

ap
tic

Prox
im

al
pe

ris
yn

ap
tic

Dist
al

pe
ris

yn
ap

tic

Firs
t c

irc
ula

r zo
ne

Sec
on

d cir
cu

lar
zo

ne

Thir
d cir

cu
lar

zo
ne

Fou
rth

cir
cu

lar
zo

ne

Fifth
cir

cu
lar

zo
ne

-1

0

1

2

3

4
Zone enrichment stubby

Fo
ld

di
ffe

re
nc

e
to

to
ta

lp
ro

te
in

Whole cell copy 
number

283141.9 ± 49736.9
(extrapolated)

Spine copy 
number 124.4 ± 20.1

Function PSD Scaffold

Mushroom Stubby
Spine copy 

number 95.8 ± 15.5 173.8 ± 28.1

% of total protein 0.1 ± 0.0% 0.1 ± 0.0%
Molarity (µM) 1.2 ± 0.2 1.6 ± 0.3

PSD copy number 51 ± 8.2 105 ± 17.0

% in PSD 53.2 ± 8.6% 60.4 ± 9.8%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 95.8 ± 15.5 0.1 ± 0.0% 1.2 ± 0.2 51 ± 8.2
Stubby 173.8 ± 28.1 0.1 ± 0.0% 1.6 ± 0.3 105 ± 17.0

R² = 0.39
p < 0.05

R² = 0.51
p < 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 95.8 ± 15.5 0.1 ± 0.0% 1.2 ± 0.2 51 ± 8.2
Stubby 173.8 ± 28.1 0.1 ± 0.0% 1.6 ± 0.3 105 ± 17.0



SNAP23 (Gene: Snap23, Uniprot ID: O70377)
Known function: Qbc SNARE, Lysosome and granule secretion, Asynchronous SV release, Delivery of 
NMDAR to PM
Known organization: Membrane associated, On PM, Enriched in spines, Perisynaptic
Known Interactions: Syntaxin2, Syntaxin4, VAMP2, VAMP7, Synaptotagmin 7
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Whole cell copy 
number

22632.7 
(detected in only 1 replicate)

Spine copy 
number 6 ± 0.9

Function SNAREs and assoc. proteins

Mushroom Stubby
Spine copy 

number 4.9 ± 0.7 7.7 ± 1.2

% of total protein 0.0 ± 0.0% 0.0 ± 0.0%
Molarity (µM) 0.1 ± 0.0 0.1 ± 0.0

PSD copy number 1 ± 0.0 0 ± 0.0

% in PSD 20.5 ± 0.0% 0 ± 0.0%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 4.9 ± 0.7 0.0 ± 0.0% 0.1 ± 0.0 20.5 ± 0.0%
Stubby 7.7 ± 1.2 0.0 ± 0.0% 0.1 ± 0.0 0 ± 0.0%

R² = 0.12
p < 0.05

R² = 0.24
p < 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 4.9 ± 0.7 0.0 ± 0.0% 0.1 ± 0.0 20.5 ± 0.0%
Stubby 7.7 ± 1.2 0.0 ± 0.0% 0.1 ± 0.0 0 ± 0.0%



SNAP25 (Gene: Snap25 , Uniprot ID: P60881)
Known function: Qbc SNARE, SV release, regulates PSD95 mobility, Delivery of AMPAR and NMDAR to 
PM
Known organization: Membrane-associated, On PM, Slightly on endosomes and TGN
Known Interactions: Syntaxin1, Syntaxin 4, Syntaxin 13, VAMP1, VAMP2, GRIP1
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Whole cell copy 
number 76270019.6 ± 3296093.2

Spine copy 
number 1966.1 ± 3626.0

Function SNAREs and assoc. proteins

Mushroom Stubby
Spine copy 

number
1362.8

± 2513.3
2922.1

± 5389.1
% of total protein 0.2 ± 0.3% 0.3 ± 0.5%

Molarity (µM) 17.3 ± 31.9 27.6 ± 50.9

PSD copy number 113 ± 208.4 234 ± 431.6

% in PSD 8.3 ± 15.3% 8.0 ± 14.8%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 1362.8 ± 2513.3 0.2 ± 0.3% 17.3 ± 31.9 113 ± 208.4
Stubby 2922.1 ± 5389.1 0.3 ± 0.5% 27.6 ± 50.9 234 ± 431.6

R² = 0.05
p > 0.05

R² = 0.02
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 1362.8 ± 2513.3 0.2 ± 0.3% 17.3 ± 31.9 113 ± 208.4
Stubby 2922.1 ± 5389.1 0.3 ± 0.5% 27.6 ± 50.9 234 ± 431.6



SNAP29 (Gs32, Gene: Snap29, Uniprot ID: Q9Z2P6)
Known function: Qbc SNARE, Autophagosome-lysosome fusion, Inhibition of SNARE complex disassem-
bly
Known organization: Membrane-associated, On Golgi, Endosomes, SV, Also in cytosol
Known Interactions: Syntaxin3, Syntaxin6, VAMP7,  SNARE complexes in general
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Whole cell copy 
number 631022.8 ± 160061.0

Spine copy 
number 54.7 ± 31.2

Function SNAREs and assoc. proteins

Mushroom Stubby
Spine copy 

number 47.9 ± 27.3 68.2 ± 38.9

% of total protein 0.0 ± 0.0% 0.0 ± 0.0%
Molarity (µM) 0.6 ± 0.3 0.6 ± 0.4

PSD copy number 0 ± 0.0 0 ± 0.0

% in PSD 0.0 ± 0.0% 0.0 ± 0.0%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 47.9 ± 27.3 0.0 ± 0.0% 0.6 ± 0.3 0 ± 0.0
Stubby 68.2 ± 38.9 0.0 ± 0.0% 0.6 ± 0.4 0 ± 0.0

R² = 0.19
p < 0.05

R² = 0.13
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 47.9 ± 27.3 0.0 ± 0.0% 0.6 ± 0.3 0 ± 0.0
Stubby 68.2 ± 38.9 0.0 ± 0.0% 0.6 ± 0.4 0 ± 0.0



SNAP47 (Gene: Snap47, Uniprot ID: Q6P6S0)
Known function: Qbc SNARE, AMPAR surface delivery during LTP, BDNF release
Known organization: Cytosolic, Perisynaptic in spines
Known Interactions: Syntaxin1, Syntaxin3, VAMP2
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Whole cell copy 
number 50990.1 ± 15185.5

Spine copy 
number 10.0 ± 3.4

Function SNAREs and assoc. proteins

Mushroom Stubby
Spine copy 

number 10.4 ± 3.5 9.9 ± 3.4

% of total protein 0.0 ± 0.0% 0.0 ± 0.0%
Molarity (µM) 0.1 ± 0.0 0.1 ± 0.0

PSD copy number 0 ± 0.0 0 ± 0.0

% in PSD 0.0 ± 0.0% 0.0 ± 0.0%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 10.4 ± 3.5 0.0 ± 0.0% 0.1 ± 0.0 0 ± 0.0
Stubby 9.9 ± 3.4 0.0 ± 0.0% 0.1 ± 0.0 0 ± 0.0

R² = 0.61
p < 0.05

R² = 0.39
p < 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 10.4 ± 3.5 0.0 ± 0.0% 0.1 ± 0.0 0 ± 0.0
Stubby 9.9 ± 3.4 0.0 ± 0.0% 0.1 ± 0.0 0 ± 0.0



Synaptotagmin4 (Gene: Syt4, Uniprot ID: P50232)
Known function: Retrograde signalling in drosophila
Known organization: Transmembrane protein
Known Interactions: None
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Whole cell copy 
number 96692.0 ± 19519.0

Spine copy 
number 4.2 ± 2.2

Function SNAREs and assoc. proteins

Mushroom Stubby
Spine copy 

number 3.1 ± 1.6 5.6 ± 2.9

% of total protein 0.0 ± 0.0% 0.0 ± 0.0%
Molarity (µM) 0.0 ± 0.0 0.1 ± 0.0

PSD copy number 1 ± 0.5 0 ± 0.0

% in PSD 32.5 ± 17.0% 0.0 ± 0.0%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 3.1 ± 1.6 0.0 ± 0.0% 0.0 ± 0.0 1 ± 0.5
Stubby 5.6 ± 2.9 0.0 ± 0.0% 0.1 ± 0.0 0 ± 0.0

R² = 0.14
p > 0.05

R² = 0.11
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 3.1 ± 1.6 0.0 ± 0.0% 0.0 ± 0.0 1 ± 0.5
Stubby 5.6 ± 2.9 0.0 ± 0.0% 0.1 ± 0.0 0 ± 0.0



Synaptotagmin5 (Synaptotagmin9, Gene: Syt5, Uniprot ID: P47861)
Known function: Involved in dense-core vesicle as well as insulin exocytosis
Known organization: Transmembrane protein, On recycling endosome, LDCV
Known Interactions: None
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Whole cell copy 
number 1400586.5 ± 179599.9

Spine copy 
number 164.4 ± 54.3

Function SNAREs and assoc. proteins

Mushroom Stubby
Spine copy 

number 135.2 ± 44.7 219.2 ± 72.4

% of total protein 0.0 ± 0.0% 0.0 ± 0.0%
Molarity (µM) 1.7 ± 0.6 2.1 ± 0.7

PSD copy number 5 ± 1.7 6 ± 2.0

% in PSD 3.7 ± 1.2% 2.7 ± 0.9%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 135.2 ± 44.7 0.0 ± 0.0% 1.7 ± 0.6 5 ± 1.7
Stubby 219.2 ± 72.4 0.0 ± 0.0% 2.1 ± 0.7 6 ± 2.0

R² = 0.38
p < 0.05

R² = 0.24
p < 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 135.2 ± 44.7 0.0 ± 0.0% 1.7 ± 0.6 5 ± 1.7
Stubby 219.2 ± 72.4 0.0 ± 0.0% 2.1 ± 0.7 6 ± 2.0



Synaptotagmin7 (Gene: Syt7, Uniprot ID: Q62747)
Known function: Asynchronous SV release, AMPAR exocytosis during LTP
Known organization: Transmembrane protein, Homo- or Heterodimers, On SV, endosomes, lysosomes
Known Interactions: Synaptotagmin5, Calmodulin
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Whole cell copy 
number 35042.4 ± 5109.3

Spine copy 
number 10.5 ± 2.3

Function SNAREs and assoc. proteins

Mushroom Stubby
Spine copy 

number 7.1 ± 1.5 14.7 ± 3.2

% of total protein 0.0 ± 0.0% 0.0 ± 0.0%
Molarity (µM) 0.1 ± 0.0 0.1 ± 0.0

PSD copy number 0 ± 0.0 0 ± 0.0

% in PSD 0.0 ± 0.0% 0.0 ± 0.0%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 7.1 ± 1.5 0.0 ± 0.0% 0.1 ± 0.0 0 ± 0.0
Stubby 14.7 ± 3.2 0.0 ± 0.0% 0.1 ± 0.0 0 ± 0.0

R² = 0.37
p < 0.05

R² = 0.25
p < 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 7.1 ± 1.5 0.0 ± 0.0% 0.1 ± 0.0 0 ± 0.0
Stubby 14.7 ± 3.2 0.0 ± 0.0% 0.1 ± 0.0 0 ± 0.0



SynGAP1 (p135 SynGAP, Gene: Syngap1, Uniprot ID: Q9QUH6)
Known function: RasGAP, Important for plasticity, regulates spine morphology, MAPK and ERK pathways
Known organization: In PSD
Known Interactions: CaMKII, NMDAR, PSD95
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Whole cell copy 
number 231547.0 ± 35936.5

Spine copy 
number 131.8 ± 25.3

Function Signaling

Mushroom Stubby
Spine copy 

number 117.5 ± 22.6 131.7 ± 25.3

% of total protein 0.1 ± 0.0% 0.1 ± 0.0%
Molarity (µM) 1.5 ± 0.3 1.2 ± 0.2

PSD copy number 47 ± 0.9 36 ± 6.9

% in PSD 40.0 ± 7.7% 27.3 ± 5.3%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 117.5 ± 22.6 0.1 ± 0.0% 1.5 ± 0.3 47 ± 0.9
Stubby 131.7 ± 25.3 0.1 ± 0.0% 1.2 ± 0.2 36 ± 6.9

R² = 0.38
p < 0.05

R² = 0.24
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 117.5 ± 22.6 0.1 ± 0.0% 1.5 ± 0.3 47 ± 0.9
Stubby 131.7 ± 25.3 0.1 ± 0.0% 1.2 ± 0.2 36 ± 6.9



Syntaxin1a (Gene: Stx1a, Uniprot ID: P32851)
Known function: Qa SNARE, SV fusion, Delivery of AMPAR and GABAAR to PM
Known organization: Transmembrane protein, On PM, Homooligomeric clusters
Known Interactions: VAMP1, VAMP2, SNAP25
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Whole cell copy 
number 16247222.1 ± 2820308.7

Spine copy 
number 1806.0 ± 560.8

Function SNAREs and assoc. proteins

Mushroom Stubby
Spine copy 

number 1596.2 ± 495.6 2149.3 ± 667.3

% of total protein 0.3 ± 0.1% 0.3 ± 0.1%
Molarity (µM) 20.3 ± 6.3 20.3 ± 6.3

PSD copy number 176 ± 54.6 261 ± 81.0

% in PSD 11.0 ± 3.4% 12.1 ± 3.8%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 1596.2 ± 495.6 0.3 ± 0.1% 20.3 ± 6.3 176 ± 54.6
Stubby 2149.3 ± 667.3 0.3 ± 0.1% 20.3 ± 6.3 261 ± 81.0

R² = 0.01
p > 0.05

R² = 0.01
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 1596.2 ± 495.6 0.3 ± 0.1% 20.3 ± 6.3 176 ± 54.6
Stubby 2149.3 ± 667.3 0.3 ± 0.1% 20.3 ± 6.3 261 ± 81.0



Syntaxin2 (Epimorphin, Gene: Stx2, Uniprot ID: P50279)
Known function: Qa SNARE, Endosome-Recycling Endosome fusion, LDCV release
Known organization: Transmembrane protein, On PM
Known Interactions: VAMP1, VAMP2, VAMP7, SNAP23
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Whole cell copy 
number 3413950.0 ± 588226.1

Spine copy 
number 913.5 ± 205.8

Function SNAREs and assoc. proteins

Mushroom Stubby
Spine copy 

number 825.5 ± 186.0 1114.5 ± 251.1

% of total protein 0.1 ± 0.0% 0.2 ± 0.0%
Molarity (µM) 10.5 ± 2.4 10.5 ± 2.4

PSD copy number 155 ± 34.9 108 ± 24.3

% in PSD 18.8 ± 4.2% 9.7 ± 2.2%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 825.5 ± 186.0 0.1 ± 0.0% 10.5 ± 2.4 155 ± 34.9
Stubby 1114.5 ± 251.1 0.2 ± 0.0% 10.5 ± 2.4 108 ± 24.3

R² = 0.34
p < 0.05

R² = 0.39
p < 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 825.5 ± 186.0 0.1 ± 0.0% 10.5 ± 2.4 155 ± 34.9
Stubby 1114.5 ± 251.1 0.2 ± 0.0% 10.5 ± 2.4 108 ± 24.3



Syntaxin3 (Gene: Stx3, Uniprot ID: Q08849)
Known function: Qa SNARE, Delivery of AMPAR during LTP
Known organization: Transmembrane protein, On PM
Known Interactions: SNAP47, VAMP2
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Whole cell copy 
number

81279.9 ± 0
(only detected in 1 replicate)

Spine copy 
number 13.9 ± 2.5

Function SNAREs and assoc. proteins

Mushroom Stubby
Spine copy 

number 12.4 ± 2.2 18 ± 3.3

% of total protein 0.0 ± 0.0% 0.0 ± 0.0%
Molarity (µM) 0.2 ± 0.0 0.2 ± 0.0

PSD copy number 1 ± 0.0 1 ± 0.0

% in PSD 8.1 ± 0.0% 5.6 ± 0.0%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 12.4 ± 2.2 0.0 ± 0.0% 0.2 ± 0.0 1 ± 0.0
Stubby 18 ± 3.3 0.0 ± 0.0% 0.2 ± 0.0 1 ± 0.0

R² = 0.40
p < 0.05

R² = 0.31
p < 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 12.4 ± 2.2 0.0 ± 0.0% 0.2 ± 0.0 1 ± 0.0
Stubby 18 ± 3.3 0.0 ± 0.0% 0.2 ± 0.0 1 ± 0.0



Syntaxin4 (Gene: Stx4, Uniprot ID: Q08850)
Known function: Qa SNARE, Delivery of AMPAR, NMDAR and Nlg1 to PM, Involved in Homeostatic pla-
sticity, Retrograde signaling, Caveolea fusion
Known organization: Transmembrane protein, Homooligomeric clusters, Lateral spine head
Known Interactions: VAMP1, VAMP2, SNAP23, SNAP47
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Whole cell copy 
number

35244.9 ± 0
(only detected in 1 replicate)

Spine copy 
number 7.1

Function SNAREs and assoc. proteins

Mushroom Stubby
Spine copy 

number 7.4 ± 1.3 7.6 ± 1.3

% of total protein 0.0 ± 0.0% 0.0 ± 0.0%
Molarity (µM) 0.1 ± 0.0 0.1 ± 0.0

PSD copy number 0 ± 0.0 0 ± 0.0

% in PSD 0.0 ± 0.0% 0.0 ± 0.0%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 7.4 ± 1.3 0.0 ± 0.0% 0.1 ± 0.0 0 ± 0.0
Stubby 7.6 ± 1.3 0.0 ± 0.0% 0.1 ± 0.0 0 ± 0.0

R² = 0.51
p < 0.05

R² = 0.83
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 7.4 ± 1.3 0.0 ± 0.0% 0.1 ± 0.0 0 ± 0.0
Stubby 7.6 ± 1.3 0.0 ± 0.0% 0.1 ± 0.0 0 ± 0.0



Syntaxin5 (Gene: Stx5, Uniprot ID: Q08851)
Known function: Qa SNARE, ER-Golgi transport
Known organization: Transmembrane protein, On Golgi
Known Interactions: Sec22b
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Whole cell copy 
number 115366.8 ± 41933.2

Spine copy 
number 7.8 ± 3.7

Function SNAREs and assoc. proteins

Mushroom Stubby
Spine copy 

number 7.3 ± 3.5 9.1 ± 4.4

% of total protein 0.0 ± 0.0% 0.0 ± 0.0%
Molarity (µM) 0.1 ± 0.0 0.1 ± 0.0

PSD copy number 0 ± 0.0 0 ± 0.0

% in PSD 0.0 ± 0.0% 0.0 ± 0.0%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 7.3 ± 3.5 0.0 ± 0.0% 0.1 ± 0.0 0 ± 0.0
Stubby 9.1 ± 4.4 0.0 ± 0.0% 0.1 ± 0.0 0 ± 0.0

R² = 0.25
p < 0.05

R² = 0.36
p < 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 7.3 ± 3.5 0.0 ± 0.0% 0.1 ± 0.0 0 ± 0.0
Stubby 9.1 ± 4.4 0.0 ± 0.0% 0.1 ± 0.0 0 ± 0.0



Syntaxin6 (Gene: Stx6, Uniprot ID: Q63635)
Known function: Qc SNARE, Late secretory pathway, Various endosomal fusion events
Known organization: Transmembrane protein, On TGN and endosomes
Known Interactions: Syntaxin4, Syntaxin16, VAMP2, VAMP7, SNAP23, SNAP25, SNAP29, Vti1a
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Whole cell copy 
number 724286.9 ± 177387.1

Spine copy 
number 38.9 ± 23.5

Function SNAREs and assoc. proteins

Mushroom Stubby
Spine copy 

number 33.0 ± 19.9 46.8 ± 28.2

% of total protein 0.0 ± 0.0% 0.0 ± 0.0%
Molarity (µM) 0.4 ± 0.3 0.4 ± 0.3

PSD copy number 0 ± 0.0 0 ± 0.0

% in PSD 0.0 ± 0.0% 0.0 ± 0.0%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 33.0 ± 19.9 0.0 ± 0.0% 0.4 ± 0.3 0 ± 0.0
Stubby 46.8 ± 28.2 0.0 ± 0.0% 0.4 ± 0.3 0 ± 0.0

R² = 0.10
p > 0.05

R² = 0.17
p < 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 33.0 ± 19.9 0.0 ± 0.0% 0.4 ± 0.3 0 ± 0.0
Stubby 46.8 ± 28.2 0.0 ± 0.0% 0.4 ± 0.3 0 ± 0.0



Syntaxin8 (Gene: Stx8, Uniprot ID: Q9Z2Q7)
Known function: Qc SNARE, Late endosome fusion, Delivery of TrkA transport to PM
Known organization: Transmembrane protein, Also palmitoylated, On Golgi, early and late endosome
Known Interactions: None
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Whole cell copy 
number 736051.6 ± 89670.7

Spine copy 
number 114.0 ± 34.5

Function SNAREs and assoc. proteins

Mushroom Stubby
Spine copy 

number 85.0 ± 25.7 152.4 ± 46.0

% of total protein 0.0 ± 0.0% 0.0 ± 0.0%
Molarity (µM) 1.1 ± 0.3 1.4 ± 0.4

PSD copy number 0 ± 0.0 0 ± 0.0

% in PSD 0.0 ± 0.0% 0.0 ± 0.0%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 85.0 ± 25.7 0.0 ± 0.0% 1.1 ± 0.3 0 ± 0.0
Stubby 152.4 ± 46.0 0.0 ± 0.0% 1.4 ± 0.4 0 ± 0.0

R² = 0.17
p < 0.05

R² = 0.20
p < 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 85.0 ± 25.7 0.0 ± 0.0% 1.1 ± 0.3 0 ± 0.0
Stubby 152.4 ± 46.0 0.0 ± 0.0% 1.4 ± 0.4 0 ± 0.0



Syntaxin13 (Syntaxin12, Gene: Stx12, Uniprot ID: G3V7P1)
Known function: Qa SNARE, Homotypic endosome fusion, Delivery of AMPAR to PM
Known organization: Transmembrane protien, On early and sorting endosomes
Known Interactions: Syntaxin6, VAMP4, Vti1a
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Whole cell copy 
number 3522048.0 ± 551593.1

Spine copy 
number 455.7 ± 129.7

Function SNAREs and assoc. proteins

Mushroom Stubby
Spine copy 

number 378.4 ± 107.7 529.7 ± 150.8

% of total protein 0.1 ± 0.0% 0.1 ± 0.0%
Molarity (µM) 4.8 ± 1.4 5.0 ± 1.4

PSD copy number 0 ± 0.0 0 ± 0.0

% in PSD 0.0 ± 0.0% 0.0 ± 0.0%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 378.4 ± 107.7 0.1 ± 0.0% 4.8 ± 1.4 0 ± 0.0
Stubby 529.7 ± 150.8 0.1 ± 0.0% 5.0 ± 1.4 0 ± 0.0

R² = 0.37
p < 0.05

R² = 0.31
p < 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 378.4 ± 107.7 0.1 ± 0.0% 4.8 ± 1.4 0 ± 0.0
Stubby 529.7 ± 150.8 0.1 ± 0.0% 5.0 ± 1.4 0 ± 0.0



Syntaxin16 (Gene: Stx16, Uniprot ID: D3Z9R7)
Known function: Qa SNARE, Homotypic endosome fusion, Endosome-TGN transport, Important for 
dendritic protein traffic
Known organization: Tail-anchored, On Endosomes, TGN
Known Interactions: Syntaxin6, VAMP4, Vti1a
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Whole cell copy 
number 184711.4 ± 33565.3

Spine copy 
number 54.0 ± 13.0

Function SNAREs and assoc. proteins

Mushroom Stubby
Spine copy 

number 45.7 ± 11.0 68.0 ± 16.4

% of total protein 0.0 ± 0.0% 0.0 ± 0.0%
Molarity (µM) 0.6 ± 0.1 0.6 ± 0.2

PSD copy number 0 ± 0.0 0 ± 0.0

% in PSD 0.0 ± 0.0% 0.0 ± 0.0%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 45.7 ± 11.0 0.0 ± 0.0% 0.6 ± 0.1 0 ± 0.0
Stubby 68.0 ± 16.4 0.0 ± 0.0% 0.6 ± 0.2 0 ± 0.0

R² = 0.20
p < 0.05

R² = 0.33
p < 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 45.7 ± 11.0 0.0 ± 0.0% 0.6 ± 0.1 0 ± 0.0
Stubby 68.0 ± 16.4 0.0 ± 0.0% 0.6 ± 0.2 0 ± 0.0



Transferrin receptor (Gene: Tfrc , Uniprot ID: Q99376)
Known function: Iron uptake 
Known organization: Homodimerizes, on PM and endosomes
Known Interactions: None
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Whole cell copy 
number 840751.3 ± 93924.9

Spine copy 
number 397.5 ± 79.4

Function Exo-/Endocytosis cofactors

Mushroom Stubby
Spine copy 

number 368.3 ± 73.6 419.3 ± 83.8

% of total protein 0.2 ± 0.0% 0.2 ± 0.0%
Molarity (µM) 4.7 ± 0.9 4.0 ± 0.8

PSD copy number 53 ± 10.6 63 ± 12.6

% in PSD 14.4 ± 2.9% 15.0 ± 3.0%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 368.3 ± 73.6 0.2 ± 0.0% 4.7 ± 0.9 53 ± 10.6
Stubby 419.3 ± 83.8 0.2 ± 0.0% 4.0 ± 0.8 63 ± 12.6

R² = 0.32
p < 0.05

R² = 0.22
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 368.3 ± 73.6 0.2 ± 0.0% 4.7 ± 0.9 53 ± 10.6
Stubby 419.3 ± 83.8 0.2 ± 0.0% 4.0 ± 0.8 63 ± 12.6



TGN38 (Gene: Ttgn1, Uniprot ID: P19814)
Known function: TGN-PM cycling
Known organization: Transmembrane protein, TGN
Known Interactions: None
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Whole cell copy 
number 63527.0 ± 8730.4

Spine copy 
number 1.4 ± 1.7

Function Organelle

Mushroom Stubby
Spine copy 

number 1.2 ± 1.4 1.6 ± 1.9

% of total protein 0.0 ± 0.0% 0.0 ± 0.0%
Molarity (µM) 0.0 ± 0.0 0.0 ± 0.0

PSD copy number 0 ± 0.0 0 ± 0.0

% in PSD 0.0 ± 0.0% 0.0 ± 0.0%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 1.2 ± 1.4 0.0 ± 0.0% 0.0 ± 0.0 0 ± 0.0
Stubby 1.6 ± 1.9 0.0 ± 0.0% 0.0 ± 0.0 0 ± 0.0

R² = 0.21
p < 0.05

R² = 0.10
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 1.2 ± 1.4 0.0 ± 0.0% 0.0 ± 0.0 0 ± 0.0
Stubby 1.6 ± 1.9 0.0 ± 0.0% 0.0 ± 0.0 0 ± 0.0



TOM20 (Gene: Tomm20, Uniprot ID: Q62760)
Known function: Part of the translocase of the outer mitochondrial membrane, Recognizes presequence 
of preproteins
Known organization: Transmembrane protein, Mitochondrion, Forms clusters
Known Interactions: None
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Whole cell copy 
number 5717233.5 ± 1289921.8

Spine copy 
number 406.8 ± 224.3

Function Organelle

Mushroom Stubby
Spine copy 

number 281.6 ± 155.3 544.3 ± 300.1

% of total protein 0.0 ± 0.0% 0.0 ± 0.0%
Molarity (µM) 3.6 ± 2.0 5.1 ± 2.8

PSD copy number 0 ± 0.0 0 ± 0.0

% in PSD 0.0 ± 0.0% 0.0 ± 0.0%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 281.6 ± 155.3 0.0 ± 0.0% 3.6 ± 2.0 0 ± 0.0
Stubby 544.3 ± 300.1 0.0 ± 0.0% 5.1 ± 2.8 0 ± 0.0

R² = 0.10
p > 0.05

R² = 0.08
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 281.6 ± 155.3 0.0 ± 0.0% 3.6 ± 2.0 0 ± 0.0
Stubby 544.3 ± 300.1 0.0 ± 0.0% 5.1 ± 2.8 0 ± 0.0



TrkB (Gene: Ntrk2, Uniprot ID: Q63604)
Known function: Activates PI3K, PLC and MAP/ERK pathways, Important for dendritic growth, spine ma-
turation and LTP
Known organization: Transmembrane protein, Forms small clusters
Known Interactions: BDNF, LNGFR
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Whole cell copy 
number 117879.1 ± 32346.3

Spine copy 
number 141.5 ± 52.9

Function Receptor

Mushroom Stubby
Spine copy 

number 124.3 ± 46.5 140.2 ± 52.4

% of total protein 0.1 ± 0.0% 0.1 ± 0.0%
Molarity (µM) 1.6 ± 0.6 1.3 ± 0.5

PSD copy number 15 ± 5.6 14 ± 5.2

% in PSD 12.1 ± 4.5% 10.0 ± 3.7%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 124.3 ± 46.5 0.1 ± 0.0% 1.6 ± 0.6 15 ± 5.6
Stubby 140.2 ± 52.4 0.1 ± 0.0% 1.3 ± 0.5 14 ± 5.2

R² = 0.15
p > 0.05

R² = 0.18
p < 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 124.3 ± 46.5 0.1 ± 0.0% 1.6 ± 0.6 15 ± 5.6
Stubby 140.2 ± 52.4 0.1 ± 0.0% 1.3 ± 0.5 14 ± 5.2



VAMP1 (Synaptobrevin1, Gene: Vamp1, Uniprot ID: Q63666)
Known function: R-SNARE, SV release, Delivery of NMDAR to PM
Known organization: Transmembrane protein, On SV and secretory vesciles
Known Interactions: Syntaxin1, Syntaxin4, SNAP25
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Whole cell copy 
number 2485719.9 ± 722352.8

Spine copy 
number 363.4 ± 134.4

Function SNAREs and assoc. proteins

Mushroom Stubby
Spine copy 

number 334.3 ± 123.6 447.7 ± 165.6

% of total protein 0.0 ± 0.0% 0.0 ± 0.0%
Molarity (µM) 4.2 ± 1.6 4.2 ± 1.6

PSD copy number 0 ± 0.0 0 ± 0.0

% in PSD 0.0 ± 0.0% 0.0 ± 0.0%



Eccentricity
Top of head

Center of head

Bottom of head

0

5

10

15

20
Enrichment PSD

Fo
ld

ov
er

sh
af

t

Laterality

Center of head

left/right of head

0

1000

2000

3000

4000
Distance to PSD

(n
m

)

0

2

4

6

8
Enrichment Head

Fo
ld

ov
er

sh
af

t

0

500

1000

1500

2000
Nearest neighbor

(n
m

)

Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 334.3 ± 123.6 0.0 ± 0.0% 4.2 ± 1.6 0 ± 0.0
Stubby 447.7 ± 165.6 0.0 ± 0.0% 4.2 ± 1.6 0 ± 0.0

R² = 0.36
p < 0.05

R² = 0.29
p < 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 334.3 ± 123.6 0.0 ± 0.0% 4.2 ± 1.6 0 ± 0.0
Stubby 447.7 ± 165.6 0.0 ± 0.0% 4.2 ± 1.6 0 ± 0.0



VAMP2 (Synaptobrevin2, Gene: Vamp2, Uniprot ID: P63045)
Known function: R SNARE, SV release, Delivery of AMPAR and GABAAR to PM
Known organization: Transmembrane protein, On SV and small postsynaptic vesicles close to PSD
Known Interactions: Syntaxin1, Syntaxin4, SNAP25, Synaptotagmin1, CDC42
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Whole cell copy 
number 18720616.2 ± 8591610.7

Spine copy 
number 2045.0 ± 1165.3

Function SNAREs and assoc. proteins

Mushroom Stubby
Spine copy 

number 2050.9 ± 1168.7 2134.7 ± 1216.4

% of total protein 0.1 ± 0.1% 0.1 ± 0.1%
Molarity (µM) 26.0 ± 14.8 20.2 ± 11.5

PSD copy number 0 ± 0.0 0 ± 0.0

% in PSD 0.0 ± 0.0% 0.0 ± 0.0%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 2050.9 ± 1168.7 0.1 ± 0.1% 26.0 ± 14.8 0 ± 0.0
Stubby 2134.7 ± 1216.4 0.1 ± 0.1% 20.2 ± 11.5 0 ± 0.0

R² = 0.09
p < 0.05

R² = 0.09
p > 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 2050.9 ± 1168.7 0.1 ± 0.1% 26.0 ± 14.8 0 ± 0.0
Stubby 2134.7 ± 1216.4 0.1 ± 0.1% 20.2 ± 11.5 0 ± 0.0



VAMP7 (Sybl1, Ti-VAMP, Gene: Vamp7, Uniprot ID: Q9JHW5)
Known function: R SNARE, Lysosome secretion
Known organization: Transmembrane protein, On endosomes, TGN and lysosomes, Extrasynaptic
Known Interactions: Syntaxin1, Syntaxin4, SNAP23, SNAP25
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Whole cell copy 
number 798340.7 ± 149212.5

Spine copy 
number 109.5 ± 42.8

Function SNAREs and assoc. proteins

Mushroom Stubby
Spine copy 

number 97.2 ± 38.0 116.2 ± 45.4

% of total protein 0.0 ± 0.0% 0.0 ± 0.0%
Molarity (µM) 1.2 ± 0.5 1.1 ± 0.4

PSD copy number 0 ± 0.0 2 ± 0.8

% in PSD 0.0 ± 0.0% 1.7 ± 0.7%
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 97.2 ± 38.0 0.0 ± 0.0% 1.2 ± 0.5 0 ± 0.0
Stubby 116.2 ± 45.4 0.0 ± 0.0% 1.2 ± 0.5 2 ± 0.8

R² = 0.12
p < 0.05
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 97.2 ± 38.0 0.0 ± 0.0% 1.2 ± 0.5 0 ± 0.0
Stubby 116.2 ± 45.4 0.0 ± 0.0% 1.2 ± 0.5 2 ± 0.8



Vti1a (Vti1l2, Gene: Vti1a, Uniprot ID: Q9JI51)
Known function: Qb SNARE, Endosome-TGN transport, Homotypic endosome fusion
Known organization: Transmembrane protein, On endosomes, TGN, SV, CCV
Known Interactions: Syntaxin6, Syntaxin16, VAMP4
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Whole cell copy 
number 952127.0 ± 557332.5

Spine copy 
number 119.4 ± 75.5

Function SNAREs and assoc. proteins

Mushroom Stubby
Spine copy 

number 104.6 ± 66.2 142.4 ± 90.1

% of total protein 0.0 ± 0.0% 0.0 ± 0.0%
Molarity (µM) 1.3 ± 0.8 1.3 ± 0.9

PSD copy number 0 ± 0.0 0 ± 0.0

% in PSD 0.0 ± 0.0% 0.0 ± 0.0%
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Spine copy number % of total protein Molarity (µM) PSD copy number
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Stubby 142.4 ± 90.1 0.0 ± 0.0% 1.3 ± 0.9 0 ± 0.0
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Spine copy number % of total protein Molarity (µM) PSD copy number
Mushroom 104.6 ± 66.2 0.0 ± 0.0% 1.3 ± 0.8 0 ± 0.0
Stubby 142.4 ± 90.1 0.0 ± 0.0% 1.3 ± 0.9 0 ± 0.0



Boxplot depiciting mushroom zone enrichment.
Shown are 10th - 90th percentile whisker, 
with quartiles and median boxes.

Boxplot depiciting stubby zone enrichment.
Shown are 10th - 90th percentile whisker, 
with quartiles and median boxes.

proteinname

For sample sizes of each protein, please refer to Supplementary Table 5.
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Reporting Summary
Nature Research wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency 

in reporting. For further information on Nature Research policies, see our Editorial Policies and the Editorial Policy Checklist.

Statistics
For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

n/a Confirmed

The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided 

Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested

A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient) 

AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted 

Give P values as exact values whenever suitable.

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection Data was acquired using Leica Application Suite Advanced Fluorescence 2.7.3.9723 and NIS Elements 5.02.03 

Data analysis Custom code written in Matlab2017b and 2019b, Python 3.7.6, icy 1.9.5.1, Graphpad Prism 8 and Excel 2016 was used in this study. Mass 

spectrometry analysis was performed using MaxQuant 1.5.3.8 or 1.6.0.16.

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and 

reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Research guidelines for submitting code & software for further information.

Data

Policy information about availability of data

All manuscripts must include a data availability statement. This statement should provide the following information, where applicable: 

- Accession codes, unique identifiers, or web links for publicly available datasets 

- A list of figures that have associated raw data 

- A description of any restrictions on data availability

The mass spectrometry proteomics data have been deposited to the ProteomeXchange Consortium via the PRIDE partner repository with the dataset identifier 

PXD015308. Image data are available from the corresponding author on reasonable request.
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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.

Life sciences Behavioural & social sciences  Ecological, evolutionary & environmental sciences

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 The largest possible numbers of experiments were performed, taking into account the high number of target proteins (>100), and is well 

within the range of typical super-resolution imaging experiments. No formal sample size calculation was performed, as this would require an 

estimate of the effect size between two conditions, whereas we are only investigated a single condition here.

Data exclusions No data were excluded

Replication In general 3 independent experiments were performed, with several hundred synapses investigated per protein. All replications were 

successful. For a detailed list see Supplementary Table 4, for an example analysis please see Extended Data Figure 6.

Randomization Not relevant for this manuscript, as only 1 experimental group was investigated.

Blinding Blinding was not relevant to the study, because no conditions were compared, only 1 experimental group was investigated.

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. 

Materials & experimental systems

n/a Involved in the study

Antibodies

Eukaryotic cell lines

Palaeontology and archaeology

Animals and other organisms

Human research participants

Clinical data

Dual use research of concern

Methods

n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

Antibodies

Antibodies used Please refer to the relevant part of the Methods, describing at length all antibodies

Validation ADAM22 mouse 500 Novus Biologicals NBP2-22425 Validated in 21 

 

Akt (pan) rabbit 400 Cell Signaling 4691 Validated in 37 

 

α/β-SNAP mouse 100 Jahn Laboratory 77.2 Validated in 23 

 

α-internexin rabbit 500 LSBio LS-B10413 Clear observation of internexin filaments, as expected from the literature. Low signal outside 

of filaments. Shown in Supplementary Data File 1. 

 

AP180 rabbit 100 Synaptic Systems 155 003 K.O. validated 

 

Ankyrin-G mouse 500 Neuromab AB_10673030, clone N106/36 Validated in 115 

 

APP mouse 100 Millipore MAB-348 Validated in 23 

 

Arc rabbit 1000 Synaptic Systems 156 003 K.O. validated 

 

β-2-spectrin mouse 100 BDBiosciences 612562 Validated in 14 

 

β-tubulin llama 100 Self-made See 38 Validated in 38 
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β-3-Tubulin rabbit 500 Cell Signaling 5568 Validated in 39 

 

BDNF rabbit 100 Biorbyt orb38809 Manufacturer, available at antibodypedia.com 

 

Calbindin-D28K rabbit 500 Synaptic Systems 214 002 Control Antigen 

 

Calcineurin A rabbit 1000 Synaptic Systems 387 002 Control Antigen 

 

Calmodulin rabbit 100 Abcam ab45689 Validated in 23 

 

Calreticulin rabbit 200 Cell Signaling 12238 Validated in 14 

 

Calretinin rabbit 250 Novus Biologicals NBP1-88220 K.D. validated 

 

CaMKII (alpha subunit, phosphorylated form) mouse 500 Abnova MAB6627 Validated in 40 

 

CAPS1 rabbit 500 Abcam ab69797 Validated in 23 

 

Cav1.3 rabbit 50 Alomone Labs ACC-311 Control Antigen 

 

Cav2.1 rabbit 500 Synaptic Systems 152 203 K.O. validated 

 

CDC42 rabbit 100 Thermo Scientific PA1-092 K.D. validated 41 

 

Chromogranin A rabbit 500 Synaptic Systems 259 003 K.O. validated 

 

Chromogranin B rabbit 500 Synaptic Systems 259 103 K.O. validated 

 

Chromogranin C rabbit 250 Abcam ab12241 Validated in 42 

 

Clathrin heavy chain mouse 100 BD Biosciences 610499 Validated in 23 

 

Clathrin light chain mouse 1000 Synaptic Systems 113 011 Validated in 23 

 

Cortactin mouse 500 Synaptic Systems 313 111 Validated in 43 

 

DLGAP1 rabbit 50 Novus Biologicals NBP1-76911 Validated in 21 

 

Dopamine receptor 1 rabbit 1000 Abcam ab40653 Control antigen 

 

Dopamine receptor 2 rabbit 500 Merck AB5084P K.O. validated in 44 

 

Drebrin1 mouse 100 Novus Biologicals NB100-1951 Validated in 45 

 

Dynamin 1/2/3 mouse 100 BDBiosciences 610245 Validated in 23 

 

ERp72 rabbit 100 Cell Signaling 5033 Validated in 21 

 

GAD65 mouse 500 Synaptic Systems 198 111 Control antigen 

 

GFAP mouse 500 Synaptic Systems 173 011 Control antigen 

 

GluK1 rabbit 100 Alomone AGC-008 Control antigen 

 

GluN1 mouse 1000 Synaptic Systems 114 011 Validated in 46 

 

GluN2A mouse 100 NeuroMab 75-288 Validated in 21 

 

GluN2B mouse 100 NeuroMab 75-101 Validated in 21 

 

GluR1 rabbit 500 Synaptic Systems 182 003 K.O. validated 

 

GluR2 rabbit 100 Alomone Labs AGC-005 Control antigen 

 

GluR3 mouse 100 Invitrogen 32-0400 Validated in 21 

 

GRIP1/2 rabbit 100 Synaptic Systems 151 003 Control antigen 

 

Homer1 mouse 500 Synaptic Systems 160 011 Control antigen 

 

Homer1 rabbit 500 Synaptic Systems 160 003 Control antigen 

 

Homer2 rabbit 500 Synaptic Systems 160 203 Validated in 47 

 

Homer3 rabbit 250 Synaptic Systems 160 303 Control antigen 
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HSC70 mouse 100 Santa Cruz sc-7298 Control antigen 

 

Iba1 guinea pig 500 Synaptic Systems 234 004 Control antigen 

 

IGF-1 Receptor rabbit 300 Cell Signaling 3027 Validated in 21,48 

 

KCNJ2 rabbit 100 Novus Biologicals NBP1-95482 Validated in 21 

 

Kv1.1 rabbit 100 Thermo Scientific PA5-19593 Validated in 21 

 

Kv2.1 rabbit 500 Synaptic Systems 231 002 Control antigen 

 

LNGFR rabbit 1000 Cell Signaling 8238 Validated in 49 

 

m-AChR-1 rabbit 100 Novus Biologicals NBP1-87466 Validated in 50 

 

MAP2 rabbit 1000 Synaptic Systems 188 002 Control antigen 

 

mGluR1α rabbit 250 Abcam ab51314 Validated in 51 

 

mGluR2 rabbit 100 Abcam ab150387 Validated in 52 

 

mGluR5 rabbit 100 Abcam ab76316 Validated in 53 

 

myosin5a rabbit 200 Sigma-Aldrich M5062 Validated in 21 

 

Na β 1 rabbit 50 Alomone Labs ASC-041 Control antigen 

 

Na+/K+ ATPase mouse 1000 Thermo Scientific MA3-915 Validated in 21 

 

Nav1.1 rabbit 100 Merck 06-811 Validated in 54 

 

Nav1.3 rabbit 250 Alomone Labs ASC-004 Control antigen 

 

Neurofilament H rabbit 1000 LSBio LS-C143052 Clear observation of filaments, as expected from the 

 

literature. Shown in Supplementary Data File 1. Similar pattern to Neurofilament L. Similar STED fluorescence pattern to multiple 

previous STED publications 55,56 

 

Neurofilament L rabbit 500 Synaptic Systems 171 002 Validated in 14 

 

nNOS rabbit 100 Thermo Scientific PA1-033 Validated in 21 

 

NSF rabbit 500 Synaptic Systems 123 002 Validated in 23 

 

Olig2 rabbit 500 Synaptic Systems 292 003 Presence only in subset of cells with oligodendrocyte morphology. Missing in all other 

cells. Data analyzed in Extended Data Fig. 2. 

 

Parvalbumin rabbit 500 Swant PV25 K.O. validated 

 

PSD93 rabbit 300 Invitrogen 34-4700 Validated in 57 

 

PSD95 rabbit 100 Cell Signaling 3450 Validated in 14 

 

Rab11 rabbit 100 Cell Signaling 3539 Validated in 21 

 

Rab3 mouse 100 BD Biosciences 610379 Validated in 23 

 

Rab4 mouse 100 BD Biosciences 610888 Validated in 58 

 

Rab5 mouse 100 Jahn Laboratory cl. 621.3 Validated in 21 

 

Rab7 rabbit 100 Cell Signaling 9367 Validated in 21 

 

Rab9 rabbit 100 Cell Signaling 5118 Validated in 59–61 

 

Rapsyn rabbit 100 Atlas Antibodies HPA039475 Validated in 21 

 

Ribosomal protein L7a rabbit 100 Cell Signaling 2403 Validated in 62 

 

Ribosomal protein S3 rabbit 50 Cell Signaling 9538 Validated in 63 

 

Ribosomal protein S6 rabbit 100 Cell Signaling 2217 Validated in 64 

 

Sec22b rabbit 100 Synaptic Systems 186 003 K.D. validated 
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Septin7 rabbit 50 Atlas Antibodies HPA029524 Validated in 21 

 

Shank1 rabbit 500 Synaptic Systems 162 013 K.O. validated 

 

Shank2 rabbit 500 Synaptic Systems 162 202 K.O. validated 

 

Shank3 rabbit 500 Synaptic Systems 162 302 K.O. validated 

 

SMI310 mouse 200 Abcam 24570 Validated in 65 

 

SNAP29 rabbit 500 Synaptic Systems 111 302 K.O. validated 

 

SNAP47 rabbit 200 Synaptic Systems 111 403 Validated in 21 

 

SNAP23 rabbit 100 Synaptic Systems 111 202 K.O. validated 

 

SNAP25 mouse 100 Synaptic Systems 111 011 K.O. validated 

 

Synaptophysin guinea pig 1000 Synaptic Systems 101 004 Control antigen 

 

Synaptotagmin4 rabbit 1000 Synaptic Systems 105 143 K.O. validated 

 

Synaptotagmin5/9 rabbit 100 Synaptic Systems 105 053 K.O. validated 

 

Synaptotagmin7 rabbit 250 Synaptic Systems 105 173 K.O. validated 

 

SynGAP1 rabbit 1000 Thermo Scientific PA1-046 Validated in 21 

 

Syntaxin1 mouse 200 Synaptic Systems 110 011 Control antigen 

 

Syntaxin13 mouse 100 Jahn Laboratory cl. 151.1 Validated in 23 

 

Syntaxin16 rabbit 100 Synaptic Systems 110 162 Control antigen 

 

Syntaxin2 rabbit 100 Synaptic Systems 110 022 Control antigen 

 

Syntaxin3 rabbit 100 Synaptic Systems 110 033 Control antigen 

 

Syntaxin4 rabbit 100 Synaptic Systems 110 042 Control antigen 

 

Syntaxin5 rabbit 100 Synaptic Systems 110 053 K.D. validated 

 

Syntaxin6 rabbit 100 Cell Signaling 2869 Validated in 21 

 

Syntaxin8 rabbit 100 Synaptic Systems 110 083 Control antigen 

 

TGN38 rabbit 100 Sigma-Aldrich T9826 Validated in 66 

 

TOM20 mouse 200 Sigma-Aldrich WH0009804M1 Validated in 21 

 

Transferrin Receptor rabbit 100 Abcam ab84036 Validated in 67 

 

TrkB rabbit 500 Abcam ab33655 Validated in 68 

 

vAChT rabbit 100 Synaptic Systems 139 103 K.O. validated 

 

Vamp1 rabbit 500 Synaptic Systems 104 002 Control antigen 

 

Vamp2 mouse 1000 Synaptic Systems 104 211 K.O. validated 

 

VAMP7 rabbit 100 Abcam ab68776 Validated in 21 

 

Vti1a mouse 100 BDBiosciences 611220 Validated in 23

Animals and other organisms

Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research

Laboratory animals Rattus norvegicus, Wistar, both sexes, E18-P0

Wild animals None

Field-collected samples None
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Ethics oversight Lower Saxony State Office for Consumer Protection and Food Safety (Niedersächsisches Landesamt für Verbraucherschutz und 

Lebensmittelsicherheit).

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