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Being able to study the interaction among synaptic proteins at nano-scale level by dual-channel
STORM allows us to dig out the mechanism of synaptic plasticity which serves as molecular basis of
memory that can lead medical invention of memory-related mental disorders and neurodegenerative
diseases.

To investigate the molecular mechanism underlying the memory formation, we
focused on elucidating the behavior of synaptic proteins. Previously, we have reported the synaptic
activity-dependent organization of nano-scale localization of postsynaptic proteins via
liquid-liquid phase separation (LLPS), which explains the potentiation of synapse during memory
formation.

To observe the detailed structure of synaptic protein clusters requires super-resolution imaging.
Thus, to expand our research, we first set up the super-resolution microscopy with Nikon STORM
system. However, to observe the interaction between two synaptic proteins, dual-channel
super-resolution microscopy is required. So, we extend our system from single-channel to
dual-channel by optimizing imaging buffer, upgrading laser power and modifying the pathway of laser

beam. Overall, we established the dual-channel STORM system that allow us to observe the interaction
among synaptic proteins at nano-scale level.
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Memory formation isa critical ability for animalsto survive in thisworld. Transient information
input to brain leads to persistent changes in neurona network, thereby forming memory. The
synaptic plagticity, the regulation of the efficacy of synaptic transmission, is considered to
underlie this process. During synaptic transmission, neurctransmitters are released from pre-
synaptic active zone and then reach the neurotransmitter receptors on post-synaptic membrane.
Especialy, AMPA type glutamate receptor (AMPAR) isamajor mediator for excitatory synaptic
transmission. The amount, stability and sub-synaptic localization of AMPAR is critical for
synaptic transmission and plasticity. Various post-synaptic proteins, including AMPAR, form a
huge macromolecular complex underneath the post-synaptic membrane that is widely known as
post-synaptic density (PSD), by multiplexed interaction. However, the regulatory mechanism of
PSD and its components remained unknown.

Recently, we reported that calcium/calmodulin-dependent protein kinase (CaMKIl), a major
component of PSD, undergoes LLPS with NMDA type glutamate receptor (NMDAR) in activity
dependent manner. This confers PSD a mechanism to respond synaptic activity. Preferential
binding of CaMKII with NMDAR resulted in the segregation of NMDAR and AMPAR as phase-
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sub-synaptic segregation of PSD proteins by CaMKII explains the increase of the efficacy of
synaptic transmission (Fig. 2) after learning.
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Fig 2. Synaptic proteins randomly distribute in synapse before learning (left). Calcium
signaling during learning results in the formation of protein condensate which
segregates glutamate receptors to optimize their localization and increase the
efficacy of synaptic transmission. This segregation can be permanent beyond the
metabolic turn-over of molecules.
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It is critica to know the effect of excitatory stimulation for sub-synaptic localization of PSD
proteins to understand synaptic plasticity, learning and memory. However, the spatial resolution
of conventiona fluorescent microscopy is not enough. Recently, stochastic optica reconstruction
microscopy (STORM), one of super-resolution microscopy, startsto be used to image neuron and
synapse. In this study, we established the STORM system to observe the sub-synaptic localization
of mgjor PSD proteins such as CaMKII, AMPAR, NMDAR and PSD-95 in cultured hippocampal
neuron. Also, we extended the system from single-channel to dua-channel STORM, in order to
analyze the overlapping ratio of each of protein pairs to evaluate their interaction.

D

Wefirst set up and optimized the Nikon STORM system in our laboratory for the observation of
synaptic proteins. At the same time, we established the low-density primary neuronal culture, and
the neurons were stained with dye-label ed antibodies against target proteins to specifically image
it. Concentrated region of PSD proteins on synapse is defined as Region of Interest. After the
imaging being reconstructed into STORM imaging, we can find the segregated nanodomains of
target proteins as sub-synaptic localization. The number of proteins, the area of nanodomain and
the density of the protein were analyzed from STORM image. Also, the overlapping ratio of each
of protein pairs were analyzed by dual-color STORM image.

In the first annua year, we have set up the preparation of low-density primary hippocampal
neuronal culture and successfully observed AMPA-type glutamate receptor with Nikon STORM
system. Also, we have tested a novel fluorescent agonist against postsynaptic neurotransmitter
receptor for STORM imaging, which has better resolution in principle.

In the second year, we improved the efficacy of fluorophore blinking which is related with the
resolution of final image, of the second color channel by optimizing the imaging buffer.
Furthermore, we upgraded the laser power and modified the pathway of the laser beam. After
those efforts, we successfully completed the setup for dual-color STORM imaging.
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Fig 3. Dual-color STORM imaging of AMPAR/NMDAR nanodomains in synapse. a,
Dendrite of single neuron and punctate signals of AMPAR and NMDAR in conventional
fluorescent microscopy. Scale bar, 10 um. b, 20x magnification of afor single synapse (upper
panel). dSTORM imaging for the same single synapse (lower panel). Scale bar, 0.5 pm.
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