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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

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

considered.

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.

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 Whole cell copy

against the protein of interest (red) and number Mean = SEM
the PSD marker Homer1 (blue), and Spine copy Mean + SEM
imaged in epifluorescence to obtain the number -
proportion of protein located in den- Function Determined from literature
dritic spines. A representative image is VIl Stubby
shown. Scale bar is 5 um. :

Spine copy Mean + SEM Mean + SEM

number

% of total protein = Mean
Molarity (uM) Mean

PSD copy number =~ Mean
% in PSD Mean

+ SEM Mean + SEM
+ SEM Mean + SEM

+ SEM Mean + SEM
+ SEM Mean + SEM



Spine copy number % of total protein Molarity (uM)

Mushroom Mean + SEM Mean + SEM Mean + SEM
Stubby Mean + SEM Mean + SEM Mean + SEM
Molecular

structure of
the protein
of interest

PSD copy number
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 A zoom into the neck of the mushroom model.

highlighted in red.

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.






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: B-2-spectrin

DiO and Homer Actin Overlay Average
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number +331711.4
Function Cytoskeleton

Mushroom Stubby

Spine copy 241916.1 185822.6

number + 35908.8 + 27582.6

% of total protein 49.3+7.3% 326 £4.8%
Molarity (uM) 3072.4 £456.0 1756.2 £ 260.7

95755 69304
+14213.4 +10287.1

% in PSD 39.6 +5.9% 37.3+37.3

PSD copy number




Spine copy number

% of total protein

Molarity (uM)

PSD copy number

Mushroom 2419161350088 49357.3% 07243450  95755:142134
Subby 8562261275626  326448% 170252007 69304102871
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Spine copy number % of total protein Molarity (uM) PSD copy number

Mushroom — 241916.1+35908.8 ~  49.3£7.3%  30724£4560  95755:142134
Stubby ~ 1858226+275826 ~  326%48%  17562£2607 69304 £10287.1

References
Phalloidin Sigma Aldrich 65906 PDB Identifier: 1j6z
Literature:
Bar et al., 2016, Sci. Rep.
Burette et al., 2012, J. Comp. Neurol.
Chaezeau et al., 2014, Cell. Mol. Life Sci.
D’Este et al., 2015, Cell Rep.
D’Este et al., 2016, Sci. Rep.
Korobova and Svitkina, 2010, Mol. Biol. Cell
Sidenstein et al., 2016, Sci. Rep.
Xu et al., 2013, Science



ADAM22 (Gene: Adam22, Uniprot ID: MOR5P8)
Known function: Catalytically inactive metalloprotease, Involved in cell adhesion, Regulation of AMPAR,

K,1 channels and PSD95
Known organization: Transmembrane protein, On PM
Known Interactions: K 1.1, PSD95, AMPA receptors

DiO and Homer ADAM22

Overlay

Mushroom

Stubby

Average
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Function Signaling
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number
% of total protein 0.0£0.0% 0.0£0.0%
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% in PSD 19.1£8.7% 0.0 +£0.0%




Spine copy number % of total protein Molarity (uM) PSD copy number
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Spine copy number % of total protein Molarity (uM) PSD copy number

Mushroom — 52%24  00%00% 0100 105
Stubby ~ 75£34  00£00%  01:00 000
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a-Internexin (Gene: Ina , Uniprot ID: P23565)
Known function: Part of the neurofilament filament
Known organization: Cytosolic

Known Interactions: Neurofilaments, Tubulins

DiO and Homer a-internexin Overlay Average

Mushroom

Stubby

Zone enrichment mushroom

£ c
© 0.5+ o 1.01
o T o
o) 3
g ! ! g 0.5 I '|'
2 00 IS}
T
o o
0.0
SSER B! R
O -0.54 1 1 o
2 ]l g051] |
ES] ©
ke ke)
LE-'I.O............... £'1'O"""""'
A DA A A A A X (o N S IR SRR € R B R B B /)
5 &ééé?b@%z?\\o\\t’b fogi\ Qoboeoogio %o« 'é\@o%oo%o @(\@\ & "’@&Q\\Q @Q\\{\ N S S
o‘b\é(\oo G\‘OO@QO& 0\0\‘4,.4..4.\’5\’0‘\’&\?}\‘&
L@ NSNSV C\C@ & SORIRN S S S
QO-’OG& Q\)Q}\QQ}\%?}\% g Q}'»\&\{b\ @{D\(b ((@ o(‘)\"b%@ Q% OQ/{\ OO\) & QQ}\ Qé\ \go\) .\‘00 4\&(9 . \&(9 . \&Oo
%Og%oﬁfz}Qe}QoQQe’,@ & e c;e’(\\";’\c?’(.:o&c\f‘}‘(*:0 P L@ @®.é®.§é0060~§60§9@0
S < 9
i g NS
Whole cell copy 12483426.0
number + 1142313.6
Spine co
Fr’]umbefy 648.1 722.3
Function Cytoskeleton
Mushroom Stubby
Spine co
‘r"umbefy 660.1+7356  469.1+522.8
% of total protein 0.2+0.2% 0.1+£0.1%
Molarity (uM) 8.4+£9.3 44+49
PSD copy number 34 +37.9 18 £ 20.1

% in PSD 52+57% 3.8+3.8%




Spine copy number

% of total protein

Molarity (uM)

PSD copy number

Mushroom 66017356 ~  02%02%  84%93 34379
Stubby ~ 4691£5228  01:01% 4449 18201
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Spine copy number % of total protein Molarity (uM) PSD copy number

Mushroom 66017356 ~  02%02%  84%93 34379
Stubby ~ 4691£5228  01:01% 4449 18201
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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

DiO and Homer Akt Overlay Average
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Whole cell copy 395481.9
number + 58959 .4
Spine co
P Py 242 +11.0
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Function Signaling
Mushroom Stubby
Spine co
P Py 226 +10.3 22.3+10.2
number
% of total protein 0.0£0.0% 0.0£0.0%
Molarity (uM) 0.3+0.1 0.2+0.1
PSD copy number 5+23 0+0.0
% in PSD 22.2+10.1% 0.0 £ 0.0%
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Spine copy number % of total protein Molarity (uM) PSD copy number
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a/B-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

DiO and Homer a/B-SNAP Overlay Average
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Spine copy number % of total protein Molarity (uM) PSD copy number
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Spine copy number % of total protein Molarity (uM) PSD copy number

Mustroom 104893322 08:01% 248542 498849
Sunby 25184008 03:00% 222838 4614786
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AP180 (Gene: Snap91, Uniprot ID: Q05140)
Known function: Initiation of clathrin coat formation, AMPAR endocytosis

Known organization: Cytosolic or membrane-associated
Known Interactions: Clathrin

DiO and Homer AP180

Zone enrichment mushroom

Mushroom

Stubby

Overlay

Average

£ c
2 0.4+ 2 0.4+
8 T g 02
5 021 I 5 1 17 T,
S | 2 00
o . T 9
@ 1 Pl g 0240 [ | 1l
2 -0.24 L c
o 1 0 -0.44
o
£ 0.4 I £ 06 |
k) k)
E'O-GIIIIIIIIIIIIIII LE'O'S""'IIIIII
£ 2 200002303203 R N N SR G R B R RN ]
) IO SEOEOEOPCIRON R N N AR G
NG SR H NG S FER RS S S S S A
IS NN Ay 0 S S N N N R I
SRR PN WV S S S S
(%) 2 L PN N S O F oL & ISIBKISKSXSIPN
B @ Q S NSO
9P &QQ}QOQQG@&@ @ 0@1\0 S ,;,<~° S P @"}é'z} ERFSISISIN
Q7 GO E SRS S VS TS FCEC LS
N INOENEAS T Vo <
PO O
U \QQ'
S

Whole cell copy
number

Spine copy
number

Function

Spine copy
number

% of total protein
Molarity (uM)

PSD copy number
% in PSD

195342.7
+ 99496.9

15.1 +10.0

Exo-/Endocytosis cofactors

Mushroom
14.1 +9.3

0.0 £0.0%
0.2+0.1

0+0.0
0.0 +0.0%

Stubby
15.0+9.9

0.0 £ 0.0%
0.1+0.1

2+13
13.3+8.8%



Spine copy number % of total protein Molarity (uM) PSD copy number
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Spine copy number % of total protein Molarity (uM) PSD copy number

Mustoom 14193 00200%  02¢01 0%00
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APP (Gene: App, Uniprot ID: P08592)
Known function: Exact function unknown, involved in neurite growth and LTP, Precursor protein of AB, the
hallmark of Alzheimer‘s disease
Known organization: Transmembrane protein, Also secreted to extracellular matrix

Known Interactions: None

DiO and Homer APP Average
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Spine copy number % of total protein Molarity (uM) PSD copy number
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Spine copy number % of total protein Molarity (uM) PSD copy number
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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 GIuR1 endocytosis, regulates actin polymerization
Known organization: Transported to activated synapses, can selfassemble into virion-like capsids
Known Interactions: CamKiIl, Drebrin, Dynamin2, GIuN2A, GIuN2B, GluR1, PSD95

DiO and Homer Arc Overlay Average
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Spine copy number % of total protein Molarity (uM) PSD copy number
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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

DiO and Homer BDNF Overlay Average
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B-2-spectrin (B-3-spectrin, Gene: Sptnb2, Uniprot ID: QIQWNS)

Known function: Acts as spacer for actin rings
Known organization: Cytosolic
Known Interactions: Actin

DiO and Homer

B-2-spectrin

Overlay
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B-3-tubulin (Gene: Tubb3, Uniprot ID: Q4QRB4)
Known function: Forms microtubules
Known organization: Cytosolic, Forms hollow microtubule, Neuron specific
Known Interactions: a-tubulins, a-internexin

DiO and Homer B-3-tubulin Overlay Average
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pan-B-tubulin (Genes: Tubb1, Tubb2a, Tubb2b, Tubb3, Tubb4a, Tubb4b, Tubb5,
Tubb6, Uniprot IDs: MOR8B6, P85108, Q3KRES8, Q4QRB4, B4F7C2, Q6P9T8, P69897,
Q4QQV0)

Known function: Forms microtubules. Known organization: Cytosolic, Forms hollow microtubule

Known Interactions: a-tubulins, a-internexin

DiO and Homer

pan-B-tubulin

Overlay Average
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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

DiO and Homer Calbindin Overlay Average
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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

DiO and Homer Calcineurin Overlay Average
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Calmodulin (Gene: Calm, Uniprot ID:

PODP29)

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

DiO and Homer Calmodulin
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Calreticulin (CALBP, Gene: Calr, Uniprot ID: P18418)
Known function: ER resident chaperone, Calcium buffer
Known organization: ER lumen

Known Interactions: None

DiO and Homer Calreticulin Overlay Average
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Calretinin (Gene: Calb2, Uniprot ID: P47728)
Known function: Calcium binding protein
Known organization: Cytosolic
Known Interactions: Ca 2.1

DiO and Homer Calretinin Average
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CaMKIl a/B (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, Ca 2.1, CDC42, GIuN2B, Homer proteins, PSD95,
F-actin

DiO and Homer CaMKIll a/B Overlay Average
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CAPS1 (Gene: Cadps, Uniprot ID: Q62717)
Known function: Regulates LDCV and secretory granule exocytosis
Known organization: Cytosolic

Known Interactions: None

DiO and Homer CAPS1

Overlay

Average

Mushroom

Stubby

Zone enrichment mushroom Zone enrichment stubby

£ c
£ 0.6- $ 0.27
§‘0.4-]I S 0.1- T1q1
< 8
S o2dpih ] I | ] ' 2 00 !
o L
Q 0.0 l T g -0.14 ‘ l
C C
& -0.24 9 -0.2-
2 ol b 2 [
5 -0.4 5 -0.39
o ke
LE-O.G............... £'0'4"""""'
AN DA DS 3 S £ P 2 0 0 ¥ & Q@ 222
Qgée%e%‘;g\\‘;\\‘:@ fogg\\ s @ é\eoﬁo%o o@(»\@ q}@& fb@&QxQIDQ'\\{\(Z?Q&&/LO«\‘/]/OQJ/O(\&OQ(‘/OQ
O S e b S e S S FGOUOUE N NN P
S NP
AN R P OISO
Q \/é@\)QQ @b§°$2§®® e@%@ioo et NG Q"O.P RS ,qo((oo <
EF N ¥
N
tilinel® el egjzyy 571879.4 + 18123.2
number
STINE SERY 218.8 + 35.4
number D
Function Signaling
Mushroom Stubby
Spine co
P Py 179.6 + 29.1 290.2 + 47.0
number
% of total protein 0.1 £0.0% 0.2+0.0%
Molarity (uM) 2.3+0.4 27+0.4
PSD copy number 52+ 84 35+ 5.7
% in PSD 29.0+4.7% 121+ 2.0%




Spine copy number

% of total protein

Molarity (uM)

PSD copy number

Wushoom 17962201 01£00% 23304 5484
Sueby 202470 02:00%  27:04  3s57

Fold over shaft

Fold over shaft

Enrichment Head

1L
I

1000
800
600
400
20

(nm)

o

4000
3000
£ 2000
1000

Nearest neighbor

o

Distance to PSD

11

Top of head

Center of head

Bottom of head

left/right of head

Center of head

Eccentricity

I

Laterality

e

R?=0.93
p <0.05

R2=0.15
p <0.05



Spine copy number % of total protein Molarity (uM) PSD copy number

Mustoom 1796201 01200%  23+04 o84
Susby 20024470 02:00% 27804 3s57

References
Antibody: Abcam ab69797 PDB Identifier: Modelled with I-TASSER
Literature:
Eckenstaler et al., 2016, J. Cell. Sci.
Farina et al., 2015, Elife
Sadakata et al., 2013, J. Neurosci.



Ca 1.3 (Gene: Cacna1ld, Uniprot ID: P27732)
Known function: Calcium channel, Involved in plasticity, scaling and spine morphology.
Known organization: Transmembrane protein
Known Interactions: Shank1

DiO and Homer Ca1.3 Overlay Average
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Ca 2.1 (Gene: Cacna1la, Uniprot ID: P54282)
Known function: Calcium channel, Involved in LTP
Known organization: Transmembrane protein

Known Interactions: CaMKIl|

DiO and Homer Ca 2.1
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CDC42 (Gene: Cdc42, Uniprot ID: Q8CFN2)
Known function: Rho type GTPase, Regulates actin cytoskeleton
Known organization: Cytosolic
Known Interactions: CaMKII, Homer2

DiO and Homer CDC42 Overlay Average
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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

DiO and Homer Chromogranin A
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Chromogranin B (Secretogranin I, Gene: Chgb, Uniprot ID: 035314)
Known function: Acts as pro-hormone, Involved in LDCV biogenesis
Known organization: In LDCV lumen

Known Interactions: Chromogranin A
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Chromogranin B

Overlay Average
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Chromogranin C (Secretogranin ll, 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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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

DiO and Homer Clathrin heavy chain Overlay Average
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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

DiO and Homer Clathrin light chain
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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

DiO and Homer Cortactin Overlay Average
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DLGAP1 (GKAP1, SAPAP1, DAP-1, Gene: Digap1, Uniprot ID: P97836)
Known function: Links PSD95 to Shank proteins
Known organization: Cytosolic, Forms clusters within PSD
Known Interactions: PSD95, SAP97, Shank proteins

DiO and Homer DLGAP1 Overlay Average
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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

DiO and Homer Dopamine D1 Overlay Average
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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

DiO and Homer Dopamine D2 Overlay Average
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Drebrin (Gene: Dbn1, Uniprot ID: Q07266)
Known function: Stabilizes Actin, Regulates microtubule entry into spines
Known organization: Cytosolic

Known Interactions: Actin

DiO and Homer Drebrin Overlay Average
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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, mGIuR5

DiO and Homer Dynamin Overlay Average
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ERp72 (ERp70, CaBP2, Gene: Pdia4, Uniprot ID: P38659)

Known function: ER-resident chaperone, Isomerizes disulfide bonds
Known organization: ER lumen

Known Interactions: None

DiO and Homer ERp72
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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

DiO and Homer GluK1 Overlay Average
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GIluN1 (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: mGIuR5, Dopamine receptor D1
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GIuN2A (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, CaMKI|
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GIuN2B (NR2B, NMDARZ2B, 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, mGIuR5, Dopamine Receptor D2, CaM, CaMKII

DiO and Homer GIuN2B Overlay Average
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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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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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GIuR3 (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

DiO and Homer GIuR3 Overlay Average
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GRIP1/2 (Genes: Grip1, Grip2, Uniprot ID: P97879, QOWTW1)

Known function: Controls AMPA and kainate receptor trafficking
Known organization: Cytosolic
Known Interactions: AMPA and kainate receptors
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Homer1 (PSD-Zip45, Vesl1, Gene: Homer1, Uniprot: Q9Z2214)
Known function: Scaffold protein, Links mGIuR 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: mGIuR, Shank proteins, Dynamin 3

DiO and Homer Homer1 Overlay Average
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Homer2 (Vesl2, Cupidin, Gene: Homer2 , Uniprot ID: 088801)
Known function: Scaffold protein, Links mGIuR to downstream targets
Known organization: Cytosolic, Directly below PSD, Selfmultimerizes (Dimer of dimers), Forms mesh like
structure with Shank proteins
Known Interactions: mGIuR, Shank proteins, Dynamin 3
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Homer3 (Vesl3, Gene: Homer3, Uniprot ID: Q9Z22X5)
Known function: Scaffold protein, Links mGIuR to downstream targets
Known organization: Cytosolic, Directly below PSD, Selfmultimerizes (Dimer of dimers), Forms mesh like
structure with Shank proteins
Known Interactions: mGIuR, IP3R, RyR, Shank proteins, Dynamin 3
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HSC70 (Gene: Hspa8, Uniprot ID: P63018)
Known function: Clathrin uncoating, ERAD associated chaperone
Known organization: Cytosolic

Known Interactions: Clathrin (via auxilin)

DiO and Homer HSC70

Overlay

Average

Mushroom
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Zone enrichment mushroom Zone enrichment stubby
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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

DiO and Homer IGF1R Overlay Average
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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

DiO and Homer Kir2.1 Overlay Average
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K, 1.1 (Gene: Kcna1, Uniprot ID: P10499)
Known function: Delayed rectifier potassium channel
Known organization: Transmembrane protein
Known Interactions: PSD95

DiO and Homer

Zone enrichment mushroom

Overlay

Average

Mushroom

Stubby

Zone enrichment stubby
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K 2.1 (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

DiO and Homer

Overlay

Average
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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

DiO and Homer LNGFR Overlay Average
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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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MAP2 (Gene: Map2, Uniprot ID: P15146)
Known function: Stabilizes microtubules, Crosslinks microtubules with neurofilaments
Known organization: Cytosolic

Known Interactions: Microtubules, Neurofilaments

DiO and Homer MAP2 Overlay Average
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mGIuR1 (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, mGIluR5, Homer proteins

DiO and Homer mMGIuR1 Overlay Average
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mMGIuR2 (Gene: Grm2, Uniprot ID: P31421)

Known function: Inhibits PLC, Regulates intracellular calcium release
Known organization: Poorly understood
Known Interactions: G, coupled, GRIP

mGIuR2

DiO and Homer

Mushroom
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Zone enrichment mushroom

Overlay

Average
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MGIuRS5 (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, mGIluR1, Homer proteins

DiO and Homer mGIuR5
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Myosin5a (Gene: Myo5a, Uniprot ID: Q9QYF3)
Known function: Transport of GIluR1 and GIuR2 during LTP, Regulates ER localization, Transport of vari-
ous other cargos
Known organization: Cytosolic

Known Interactions: Actin

DiO and Homer Myosin5a Overlay Average
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Na B 1 (Gene: Scnb1, Uniprot ID: Q00954)
Known function: Modulates sodium channel properties, Acts as adhesion molecule

Known organization: Transmembrane protein

Known Interactions: Nav1 A, Nav1 3

DiO and Homer
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Na*/K* ATPase (Gene: Atp1a3, Uniprot ID: P06687)
Known function: Maintains resting potential
Known organization: Transmembrane protein, Forms clusters

Known Interactions: None

DiO and Homer Na*/K* ATPase Overlay Average
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Na 1.1 (Gene: Scn1a, Uniprot ID: P04774)
Known function: Sodium channel
Known organization: Transmembrane protein

Known Interactions: Na 3 1

DiO and Homer

Na,1.1

Overlay Average
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Spine copy number % of total protein Molarity (uM) PSD copy number
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Na 1.3 (Gene: Scn3a, Uniprot ID: P08104)
Known function: Sodium channel
Known organization: Transmembrane protein

Known Interactions: Na 3 1

DiO and Homer Na 1.3 Overlay
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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, a-internexin, DLGAP1, Myosin5a, Dopamine D1 receptor

DiO and Homer Neurofilament H

Overlay
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Spine copy number % of total protein Molarity (uM) PSD copy number
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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, a-internexin, DLGAP1, Myosin5a, Dopamine D1 receptor
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Spine copy number % of total protein Molarity (uM) PSD copy number
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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

DiO and Homer nNOS Overlay Average
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NSF (Vesicle-fusing ATPase, Gene: Nsf, Uniprot ID: Q9QULG6)
Known function: Disassembly of trans-SNARE complexes
Known organization: Cytosolic, Homohexamer
Known Interactions: a and B SNAP, GIluR2

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

DiO and Homer Parvalbumin Overlay Average
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PSD93 (Dlg2, Chapsyn-110, Gene: DIg2, 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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PSD95 (Dlg4, Sap90, Gene: Dilg4, 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

DiO and Homer PSD95 Average
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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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Rab4 (Gene: Rab4a, Uniprot ID: P05

714)

Known function: Early/recycling endosomes to PM traffick, Basal AMPAR recycling

Known organization: Membrane-associated and cytosolic
Known Interactions: None
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Rab5 (Gene: Rab5a, Uniprot ID: MORC99)
Known function: Early endosome trafficking, Basal AMPAR recycling
Known organization: Membrane-associated and cytosolic
Known Interactions: Syntaxin13

DiO and Homer Overlay Average
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Whole cell copy 22383583.4 + 1784814.1
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Spine copy 4850.6 + 827.7
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Mushroom Stubby
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number
% of total protein 04+£0.1% 0.7+0.1%
Molarity (uM) 454 +7.7 63.2+10.8
PSD copy number 439 +74.9 1418 + 242.0

% in PSD 12.3+21% 21.2+3.6%
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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

DiO and Homer Rab7 Overlay Average
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number
% of total protein 06+0.1% 1.0+ 0.2%
Molarity (uM) 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%



Spine copy number % of total protein Molarity (uM) PSD copy number
Mushroom 5658711171 06+01% 719%142 538:1062
Swbby 980251962 10:02%  926%183  708£1398
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Spine copy number % of total protein Molarity (uM) PSD copy number

Mustroom 8658711174 06201% 719142 5B+1062
Swnby 08025819352 1002% 9268183 70851388
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Rab9 (Gene: Rab9a, Uniprot ID: Q99
Known function: Late endosome to TGN trafficking
Known organization: Membrane-associated and cytosolic

Known Interactions: None

DiO and Homer Rab9 Overlay
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Whole cell copy
number

Spine copy
number
Function

Spine copy
number

% of total protein
Molarity (uM)

PSD copy number

% in PSD

3743037.1 + 1160145.4

53.4 + 104.1

Exo-/Endocytosis cofactors

Mushroom Stubby
51.5+100.3 56.3 + 109.7
0.0+ 0.0% 0.0+ 0.0%
0.7+1.3 0.5+1.0
0£0.0 0+0.0
0.0+ 0.0% 0.0+ 0.0%



Spine copy number % of total protein Molarity (uM) PSD copy number
Mushroom — 51.5%1003 00%£00% 0713 0%00
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Spine copy number % of total protein Molarity (uM) PSD copy number
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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

DiO and Homer Rab11 Overlay Average
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Function Exo-/Endocytosis cofactors
Mushroom Stubby
<[ Eeply 1059.3 + 620.9  749.3 + 439.2
number
% of total protein 0.1+£0.1% 0.1+£0.0%
Molarity (uM) 13.5+7.9 71142
PSD copy number 206 + 120.8 76 £44.5

% in PSD 19.4 £ 11.4% 10.1 £5.9%




Spine copy number % of total protein Molarity (uM) PSD copy number
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Spine copy number % of total protein Molarity (uM) PSD copy number

Mushoom 1059386209 04£0.4% 135879 20641208
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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

DiO and Homer Actin Overlay Average
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Whole cell copy 3388460.4 + 748084.5

number
Sl @[ 2065+ 97.5
number D
Function PSD Scaffold
Mushroom Stubby
<[ Eeply 207.1+97.7  223.9+ 1057
number
% of total protein 0.0+ 0.0% 0.0+ 0.0%
Molarity (uM) 26+1.2 21+1.0
PSD copy number 38+17.9 27 £12.7
% in PSD 18.4 +8.7% 121+ 5.7%



Spine copy number % of total protein Molarity (uM) PSD copy number
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Spine copy number % of total protein Molarity (uM) PSD copy number
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Ribosomal protein L7a (Gene: Rpl7a, Uniprot ID: P62425)
Known function: Translation
Known organization: Cytosolic, on 60S subunit

Known Interactions: 40S ribosomal subunit

DiO and Homer Ribosome L7a Overlay Average
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Function Organelle
Mushroom Stubby
<[ Eeply 206.7 + 2485  292.9 + 352.1
number
% of total protein 0.0+ 0.0% 0.0+ 0.0%
Molarity (uM) 26+32 28+33
PSD copy number 28 £ 33.7 20+£24.0

% in PSD 13.5+16.3% 6.8 £8.2%



Spine copy number
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Fold over shaft
o N A O

25
< 20
15
10

aft

Fold over s
a

Enrichment Head

Enrichment PSD

J O

2500
2000
1500
< 1000
50

o

4000
3000
E 2000
1000

0

Nearest neighbor

ot

Distance to PSD

1.

Top of head

Center of head

Bottom of head

left/right of head

Center of head

Eccentricity

44

Laterality

L4

R?=0.09
p <0.05

R2=0.07
p > 0.05



Spine copy number % of total protein Molarity (uM) PSD copy number

Mushoom 206742485 00£00% 26432 282337

Swby 29204321 00:00% 2833 20:240
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Ribosomal protein S3 (Gene: Rps3, Uniprot ID: P62909)
Known function: Translation
Known organization: Cytosolic, on 40S subunit
Known Interactions: 60S ribosomal subunit

DiO and Homer Ribosome S3 Overlay Average
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Whole cell co
Py 22971897.3 + 2234796.0
number
Spine co
P Py 1675.1 + 618.7
number
Function Organelle
Mushroom Stubby
Spine co
P Py 1272.8 +470.2 2221.6 + 820.6
number
% of total protein 0.2+0.1% 0.2+0.1%
Molarity (uM) 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%



Stubby

Spine copy number % of total protein
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Spine copy number % of total protein Molarity (uM) PSD copy number

Mushoom 127284702 02£0.4%  162£60  140£517

Swsby 222168206 02:01% 210878 251868
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Ribosomal protein S6 (Gene: Rps6, Uniprot ID: P62755)
Known function: Translation
Known organization: Cytosolic, on 40S subunit
Known Interactions: 60S ribosomal subunit

DiO and Homer Actin Overlay Average
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Whole cell co
Py 23885770.5 + 2685969.5
number
Spine co
P by not detected
number
Function Organelle
Mushroom Stubby
Spine co
P Py not detected not detected
number
% of total protein not detected not detected

Molarity (uM) not detected not detected
PSD copy number  not detected not detected

% in PSD not detected not detected




Spine copy number % of total protein Molarity (uM) PSD copy number
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Spine copy number % of total protein Molarity (uM) PSD copy number
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Y

References
Antibody: Cell Signaling 2217 PDB Identifier: 4ugo
Literature:
Ban et al., 2014, Curr. Opin. Struct. Biol.
de la Cruz et al., 2015, Annu. Rev. Biochem.



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

DiO and Homer Sec22b Overlay Average
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Mushroom Stubby
<[ Eeply 304.7 £203.9  371.1+248.3
number
% of total protein 0.0+ 0.0% 0.0+ 0.0%
Molarity (uM) 39+26 3523
PSD copy number 8+54 10+ 6.7

% in PSD 26+1.8% 2.7+£1.8%




Spine copy number % of total protein Molarity (uM) PSD copy number
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Spine copy number % of total protein Molarity (uM) PSD copy number
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Septin7 (Gene: Sept7, Uniprot ID: QO9WVCO0)
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

DiO and Homer Septin7 Overlay Average
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Whole cell co
Py 4149665.7 + 474108.6
number
Spine co
P Py 838.2 + 231.6
number
Function Cytoskeleton
Mushroom Stubby
Spine co
P Py 666.1 + 184.1  986.2 + 272.6
number
% of total protein 0.2+ 0.0% 0.2+0.1%
Molarity (uM) 85+23 93+26
PSD copy number 109 + 30.1 83+229

% in PSD 16.4 £ 4.5% 8.4+23%



Spine copy number % of total protein
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Spine copy number % of total protein Molarity (uM) PSD copy number
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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, GIuR1

DiO and Homer Shank1 Overlay Average
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Whole cell copy 923695.9 £ 190227.6
number (extrapolated)
Spine co
P Py 178.8 + 27.1
number
Function PSD Scaffold
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PSD copy number 49+74 80+£12.1
% in PSD 32.8+5.0% 37.3+57%
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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, GIuR1

DiO and Homer Shank2 Overlay Average
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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, GIuR1

DiO and Homer Shank3 Overlay Average
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SNAP23 (Gene: Snap23, Uniprot ID: 0O70377)
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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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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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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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
SNAP47
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Synaptotagmin4 (Gene: Syt4, Uniprot
Known function: Retrograde signalling in drosophila
Known organization: Transmembrane protein

Known Interactions: None

DiO and Homer Synaptotagmin4
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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

DiO and Homer Synaptotagmin5 Overlay Average
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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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Spine copy 71+15 14.7 +3.2
number
% of total protein 0.0+ 0.0% 0.0+ 0.0%
Molarity (uM) 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%



Spine copy number % of total protein Molarity (uM) PSD copy number

Mushoom 74415 00%00% 01200 000
Swby  47£32  00£00% 01200 0%00

Enrichment Head Nearest neighbor Eccentricity
1500 Top of head

Bottom of head

Fold over shaft
o =~ N W b~ O
(nm)

Enrichment PSD Distance to PSD Laterality
- 10 4000 left/right of head
2 8 3000
° . ~
9] IS
5 4 . e R?=0.25
kel )
S 2 ! g 1000 p < 0.05
0 0 Center of head



Spine copy number % of total protein Molarity (uM) PSD copy number

Mushoom 7415 00£00% 04200 000
Swby  47:32  00200% 0400 0200

References
Antibody: Synaptic Systems 105 173 PDB Identifier: 6ank
Literature:
Bacaj et al., 2013, Neuron
Bacaj et al., 2015b, PLoS Biol.
Flannery et al., 2010, J. Cell. Biol.
Fukuda and Mikoshiba, 2000, J. Biol. Chem.
Luo et al., 2015, J. Neurosci.
Wen et al., 2010, Proc. Natl. Acad. Sci. U SA
Wu et al., 2017, J. Neurosci.



SynGAP1 (p135 SynGAP, Gene: Syngap1, Uniprot ID: QO9QUHG)
Known function: RasGAP, Important for plasticity, regulates spine morphology, MAPK and ERK pathways
Known organization: In PSD
Known Interactions: CaMKIl, NMDAR, PSD95

DiO and Homer Actin Overlay Average
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Spine copy number % of total protein Molarity (uM) PSD copy number
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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

DiO and Homer Syntaxinia Overlay Average

Zone enrichment stubby

Mushroom

Stubby

Zone enrichment mushroom

Fold difference to total protein
o)
N
1
—
—
—
—_—
[ —
—
Fold difference to total protein
o
o
'—
[ S—
—
'—

_04 I I I I I

Whole cell copy 16247222.1 + 2820308.7

number
Spine copy 1806.0 + 560.8
number
Function SNARESs and assoc. proteins
Mushroom Stubby
SPNG COPY 45065+ 4956 2149.3 + 667.3
number
% of total protein 0.3+0.1% 0.3+0.1%
Molarity (uM) 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%




Spine copy number

% of total protein

Molarity (uM)

PSD copy number

Mushroom  1596.2£4956 ~  03%01%  203%63  176%546

Stubby

Fold over shaft
o =~ N W b~ O

Fold over shaft

10

5

Enrichment Head

L4

Enrichment PSD

Nearest neighbor
2000

11

Distance to PSD
5000

4000

S 3000

<= 2000
1000 é

0

Top of head

Center of head

Bottom of head

left/right of head

Center of head

Eccentricity

14+

Laterality

e

R?=0.01
p>0.05

R2=0.01
p > 0.05
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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

DiO and Homer

Zone enrichment mushroom

Synaptotagmin2

Overlay Average
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Spine copy number % of total protein Molarity (uM) PSD copy number

Mushoom 625551860 04:00% 10524 155349
Swnby ~ 1M45:2514  02500%  105:24 1085243

i

Enrichment Head Nearest neighbor Eccentricity
= 15 1000 Top of head
2 800
§ " E 600 Center of head
_g 5 = 400 R2=0.34
K 200 .& p<0.05
0 0 Bottom of head
Enrichment PSD Distance to PSD Laterality
= 30 4000 left/right of head
(0]
<
% 20 - 3000
[
> 2000
5 = R2=0.39
3 10 1000
& p <0.05
0 0 Center of head



Spine copy number % of total protein Molarity (uM) PSD copy number
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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

DiO and Homer Syntaxin3 Overlay Average
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Syntaxin4 (Gene: Stx4, Uniprot ID: Q08850)
Known function: Qa SNARE, Delivery of AMPAR, NMDAR and NIg1 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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% of total protein 0.0+ 0.0% 0.0+ 0.0%
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PSD copy number 0£0.0 0£0.0
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Syntaxin5 (Gene: Stx5, Uniprot ID: Q08851)
Known function: Qa SNARE, ER-Golgi transport
Known organization: Transmembrane protein, On Golgi
Known Interactions: Sec22b

DiO and Homer Syntaxin5 Overlay Average
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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

DiO and Homer Syntaxin6 Overlay Average
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Syntaxin8 (Gene: Stx8, Uniprot ID: Q9Z22Q7)
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

DiO and Homer Syntaxin8 Overlay Average
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Function SNARESs and assoc. proteins
Mushroom Stubby
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number
% of total protein 0.0+ 0.0% 0.0+ 0.0%
Molarity (uM) 1.1+£0.3 14+04
PSD copy number 0£0.0 0£0.0
% in PSD 0.0+ 0.0% 0.0+ 0.0%
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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

DiO and Homer Syntaxin13 Overlay Average
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Spine copy number % of total protein Molarity (uM) PSD copy number
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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

DiO and Homer Syntaxin16 Overlay
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Transferrin receptor (Gene: Tfrc , Uniprot ID: Q99376)
Known function: Iron uptake
Known organization: Homodimerizes, on PM and endosomes
Known Interactions: None

DiO and Homer TR

Overlay

Average

Mushroom

Stubby

Zone enrichment mushroom
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Whole cell copy 840751.3 + 93924.9

number
Spine copy 397.5+79.4
number o
Function Exo-/Endocytosis cofactors
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% of total protein 0.2+ 0.0% 0.2+ 0.0%
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TGN38 (Gene: Ttgn1, Uniprot ID: P19814)
Known function: TGN-PM cycling
Known organization: Transmembrane protein, TGN

Known Interactions: None

DiO and Homer TGN38 Average
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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

DiO and Homer TOM20 Overlay Average
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number
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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

DiO and Homer TrkB
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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

DiO and Homer VAMP1 Overlay Average
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number
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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

DiO and Homer VAMP2 Overlay Average
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VAMP7 (Sybl1, Ti-VAMP, Gene: Vamp7, Uniprot ID: Q9JHWS5)
Known function: R SNARE, Lysosome secretion
Known organization: Transmembrane protein, On endosomes, TGN and lysosomes, Extrasynaptic
Known Interactions: Syntaxin1, Syntaxin4, SNAP23, SNAP25

DiO and Homer VAMP7 Average
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number
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Vti1a (Vti1l2, Gene: Vti1a, Uniprot ID: Q9JI151)
Known function: Qb SNARE, Endosome-TGN transport, Homotypic endosome fusion
Known organization: Transmembrane protein, On endosomes, TGN, SV, CCV
Known Interactions: Syntaxin6, Syntaxin16, VAMP4

DiO and Homer Vti1la Overlay Average
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