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Here, we utilized a combination of super-resolution microscopy and CRISPR knockin to 
interrogate the nanoscale organization of GluN2A and GluN2B-containing NMDARs with 

respect to release sites.

In summary, NMDAR organization with respect to release sites is variable with most release 
sites containing no NMDARs across from them.  Interestingly, there is a small portion of 
release sites that are enriched with NMDARs and that organization is dependent on the 

presence of PSD-95.

By exploring NMDAR nanoscale relationships within individual synapses, we gain new insight 
into not just how these receptors are arranged, but how their synaptic nano-organization can 

tune receptor activation and downstream signaling.

Only a subset of Munc13 nanoclusters 
are enriched with NMDARs

No Munc13 nanoclusters are 
enriched with NMDARs
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What is the overall subsynaptic organization of GluN2A and GluN2B?

What is the organization of extrasynaptic NMDARs?

A subset of Munc13 nanoclusters are enriched with GluN2A and GluN2B

Are release sites enriched with NMDARs?

Are there a subset of release sites that are enriched with NMDARs?

Munc13 nanoclusters are de-enriched with GluN2A and GluN2B

DNA-PAINT enables subsynaptic mapping of NMDARs with respect to the release site marker 
Munc13

Confocal image of a GFP-GluN2B knockin cultured primary hippocampal neuron

Lorem ipsum

Synaptic transmission at glutamatergic synapses involves glutamate release and subsequent 
detection by ionotropic glutamate receptors (iGluRs) in the postsynaptic density (PSD).  Among 
the most common iGluRs are NMDA receptors (NMDARs), which function as mediators of 
synaptic plasticity and whose dysfunction is involved in disease pathologies.

NMDARs are heterotetramers made up of two GluN1 subunits and two GluN2A-D or GluN3A-B 
subunits. The precise subunit compostition creates a large diversity in receptor subtypes with 
unique properties. 
  

Introduction NMDA receptor subtypes display unique synaptic 
and extrasynaptic organization

Mapping NMDAR nano-organization using 
DNA-PAINT 

NMDA receptors are preferentially organized across 
from a subset of release sites

NMDA receptors are organized across from release 
sites that are within the nanocolumn
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Active zone and postsynaptic 
density markers were used to 
filter synapses that were en 

face. Additionally, only 
synapses that contain GluN2B 

were analyzed.
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Conclusions

Open questions

Synaptic protein targets imaged in this study

1.  NMDARs located outside of the synapse are believed to play a unique role in maintaining cell 
health. How far are NMDARS found from the synapse edge and what is the subunit identity of 
these receptors?

2. Previous super-resolution imaging of specific NMDAR subtypes have revealed that GluN2A- 
and GluN2B-containing NMDARs form distinct subsynaptic nanodomains. How do these subtype 
specific NMDARs nanodomains relate to each other within synapses?

3.  For some NMDAR subtypes, the decrease in open probability as a function of distance from 
release site is substantial, with a significant reduction in as little as 100 nm from the release site. 
In addition, there is evidence that NMDARs can exist in distinct pools that respond to one release 
mode versus another. However, little is known about the relationship between NMDARs and re-
lease sites, despite the extensive implications of different subsynaptic configurations. How are 
NMDARs organized within synapses with respect to glutamate release sites?

Here we use super-resolution imaging to map NMDAR subtypes with respect to the 
synapse border, to each other within synapses, and to release sites. 
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Synaptic GluN2A and GluN2B display nonuniform distributions and tend to 
be organized together

How do nanodomains of GluN2A and GluN2B relate to each other?

GluN2B

GluN2A- and GluN2B-containing NMDARs organize into nanoclusters of high density
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GluN2A and GluN2B exist outside the synapse and tend to peak ~250nm from PSD edge.
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extrasynaptic sites.

Synaptic GluN2A and GluN2B 
are organized into nanoclusters.

A subset of release sites 
have GluN2A and GluN2B 
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Only release sites that are 
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Are AMPARs and 
NMDARs organized into 

distinct domains?

What elements 
establish the positioning of 

extrasynaptic NMDARs?

What is the molecular compostion 
of non-nanocolumn release sites? 

Are they functionally distinct?

Do trihet NMDARs that contain both 
GluN2A and GluN2B C-tails organize 

differently than dihet NMDARs?

What is the spatial relationship 
between NMDARs and different 

postsynaptic scaffolds?

Does the organization of 
NMDARs set the positioning of 

other synaptic elements?
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