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Synapse-associated protein 102 
(SAP102) and postsynaptic density 95 

(PSD-95) are two major cytoskeleton pro-
teins in the postsynaptic density (PSD). 
Both of them belong to the membrane-
associated guanylate kinase (MAGUK) 
family, which clusters and anchors glu-
tamate receptors and other proteins at 
synapses. In our previous study, we found 
that SAP102 and PSD-95 have differ-
ent distributions, using combined light/
electron microscopy (LM/EM) meth-
ods.1 Here, we double labeled endogenous 
SAP102 and PSD-95 in mature hippo-
campal neurons, and then took images 
by two different kinds of super resolu-
tion microscopy—Stimulated Emission 
Depletion microscopy (STED) and 
DeltaVision OMX 3D super resolution 
microscopy. We found that our 2D and 
3D super resolution data were consistent 
with our previous LM/EM data, show-
ing significant differences in the localiza-
tion of SAP102 and PSD-95 in spines: 
SAP102 is distributed in both the PSD 
and cytoplasm of spines, while PSD-95 is 
concentrated only in the PSD area. These 
results indicate functional differences 
between SAP102 and PSD-95 in synaptic 
organization and plasticity.

The postsynaptic density (PSD) is an 
electron-dense region of synapses in the 
CNS. The PSD plays critical roles in 
synaptic plasticity as it is enriched with 
hundreds of synaptic proteins, includ-
ing receptors, cytoskeleton proteins, 
adhesion molecules and signal proteins. 
SAP102 and PSD-95 are two major scaf-
folding proteins in the PSD.2,3 Both of 
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them belong to the membrane-associated 
guanylate kinase (MAGUK) family, 
which cluster receptors using three PDZ 
binding domains and anchor to the other 
cytoskeleton proteins using SH3/GK 
domains.4 Our recent study reveals dif-
ferent mobility and localization between 
SAP102 and PSD-95 in spines.1 Here, 
we further compare the localization of 
SAP102 and PSD-95 in spines using 
regular confocal microscopy, two kinds 
of super resolution microscopy and EM. 
Consistent with our earlier finding, these 
new data confirm that PSD-95 is concen-
trated closer to the postsynaptic mem-
brane than SAP102.

To study the localization of endog-
enous SAP102 and PSD-95 in spines of 
cultured hippocampal neurons, we first 
double stained PSD-95 and SAP102 
and then observed their localization 
with a Zeiss 510 confocal microscope. 
As described in our previous study, both 
SAP102 and PSD-95 were enriched 
in spines. However, SAP102 also was 
observed throughout the dendritic shaft 
while PSD-95 was barely expressed in the 
dendritic shaft (Fig. 1A). The resolution 
of a regular light microscope is no bet-
ter than about 200 nm, which makes it 
hard to further identify the localization 
of SAP102 and PSD-95 in spines.

Next we observed the SAP102/PSD-95 
double stained neurons using Leica TSC 
Stimulated Emission Depletion micros-
copy (STED), which achieves super reso-
lution.5,6 The STED system that we used 
had one super resolution channel and one 
regular channel. We first labeled PSD-
95 with a secondary antibody for STED 
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structured-illumination microscopy.8 
Consistent with the 2D super resolution 
image of PSD-95, the 3D super resolu-
tion image also showed narrow PSD-95 
labeling co-localized with the broader 
SAP102 labeling pattern (Fig. 1C).

Overall, our 2D and 3D super reso-
lution data were consistent with our EM 
data in synapses from hippocampal neu-
rons from primary culture (21 days in 
vitro (DIV); Fig. 1D; also see previous 
EM data for the adult hippocampus1), 
suggesting that PSD-95 and SAP102 
have different expression patterns in 
spines and dendrites. The bar-shaped 
narrow labeling of PSD-95 may represent 
the PSD structure, since the majority 
(94.2%) of PSD-95 in spines was clus-
tered at the PSD.1 The scattered expres-
sion of SAP102 suggests that SAP102 
distributes in the PSD as well as in the 
cytoplasm of both spine and dendritic 
shaft.
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(Atto 647) and labeled SAP102 with 
regular Alexa 488 secondary antibody. 
After overlapping the STED channel 
with the regular 488 channel, we found 
that most PSD-95 clusters co-localized 
with SAP102 clusters, although PSD-95 
clusters were much smaller than SAP102 
clusters (Fig.  1B). The SAP102 cluster 
often had a diameter of ~500 nm, while 
the PSD-95 cluster often was often found 
shaped like a bar or a thin oval (~100 nm 
wide and ~500 nm length) on the top of 
SAP102 staining (Fig. 1B). Interestingly, 
another STED study showed similar 
structures for labeling with the presyn-
aptic protein Bassoon.7 Next, we labeled 
SAP102 with the secondary antibody 
for STED and labeled PSD-95 with the 
regular Alexa 488 secondary antibody. In 
this preparation, small SAP102 clusters 
were observed throughout the dendritic 
shaft, whereas some SAP102 clusters co-
localized with PSD-95 clusters in spines. 
The PSD-95 clusters also had diameters 
of ~500 nm, however, SAP102 did not 
form the same bar shape as seen with 
PSD-95 in the STED channel (Fig. 1B). 
We also imaged SAP102/PSD-95 double 
stained neurons using DeltaVision 3D 

Figure 1. Distribution of SAP102 and PSD-95 in spines. (A–C) Double labeling of endogenous SAP102 and PSD-95 in hippocampal neurons (21 DIV). 
(A) Image was taken with a conventional confocal microscope. The spine in the upper left is enlarged and shown in the bottom left. The asterisk 
indicates the dendrite region and the arrows indicate spines. Scale bars, 500 nm. (B) Images were taken with a Leica STED microscope. For the spines 
in the top and the middle parts, PSD-95 (red) was imaged in the STED channel and SAP102 (green) was imaged in the regular channel. For the spine in 
the bottom part, SAP102 (red) was imaged in the STED channel and PSD-95 (green) was imaged in the regular channel. Scale bars, 500 nm. (C) Images 
were taken with a DeltaVision 3D super resolution microscope. The top, middle and bottom parts are images of the same spine viewed in 3D at three 
different angles. The grid squares are 500 nm. (D) Immunogold labeling of SAP102 (5 nm gold) and PSD-95 (15 nm gold) in synapses from cultured hip-
pocampal neurons (21 DIV). SAP102 is distributed in both the PSD (arrowhead) and cytoplasm (arrow), while PSD-95 is concentrated in the PSD area. P, 
presynaptic terminal. Scale bar, 100 nm.


