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Unique properties of iGLU receptors are 

determined by assembly of different subunits
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NMDA glutamate receptors are calcium-permeable

However, AMPA-kainate glutamate receptors may also be 

calcium permeable, depending on the molecular structure…



The glutamine residue (Q) present 

in the M2 segment (transmembrane 

loop) of AMPAR subunits confers 

Ca++-permeability.

However, in the GluA2 subunit, 

usually Q is substituted with R 

(arginine) by RNA editing, making 

the channel unpermeable to Ca++.

GluA2 subunits are present in most 

AMPAR assemblies, therefore 

AMPARs are mostly unpermeable

to Ca++

AMPARs are Ca++-permeable?



Excitatory postsynaptic currents (EPSCs) of 

hippocampal neurons are comprised of both 

AMPA- and NMDA-receptor components. 

Treatment with the NMDA receptor blocker D-2-

amino-5-phosphonopentanoic acid (D-AP5) or 

the AMPA receptor antagonist 6-nitro 7-

sulfamobenzo[f] quinoxaline-2,3-dione (NBQX) 

reveals the other component in isolation, as 

shown. The EPSC is composed of a brief AMPA 

receptor component and a more prolonged 

NMDA component. 

Excitatory postsynaptic potentials at glutamatergic synapses are characterized by two 

components: a fast one (AMPA-R) and a slower one (NMDA-R) 

NMDA receptor



When the postsynaptic membrane 

is at its normal resting potential, 

glutamate release will only 

activate AMPA receptors

NMDA channel blocked by magnesium

The NMDA channel opens only 

when the postsynaptic 

membrane is depolarized ….. 
Magnesium expelled from the 

NMDA channel allows Ca++ entry 

NMDA receptor activation is both ligand- and voltage-dependent



Silent Synapses



Receptor trafficking and synaptic plasticity

Huganir and Nicoll 2013, Neuron

http://dx.doi.org/10.1016/j.neuron.2013.10.025



Neurotransmitter

receptor reservoirs at

postsynaptic sites

Kneussel and Hausrat, 2016

Trends in Neurosci

http://dx.doi.org/10.1016/j.tins.2016.01.002 



Molecular mechanisms of

the early and late phase of

Long Term Potentiation

(LTP) at Schaffer

collateral-CA1 synapses

in the hippocampus

New dendritic spines (white arrows) can be

observed approximately 1 hour after a stimulus

that induces LTP



Glutamate-dependent 

excitotoxicity

Lynch & Guttmann, 2002

JPET 300:717-723



Distinct subpopulations of the NMDA receptor 

(NMDAR) mediate neuronal death and survival.

(a) Under normal conditions, synaptic activity 

maintains neuronal survival via activation of 

the synaptic NMDAR. This pro-survival effect 

is dependent on the calcium influx through the 

receptors.

(b) During cerebral ischemia, excessive release 

of glutamate into the synapses and 

extrasynaptic sites causes global stimulation of 

NMDAR at both locations. The C-terminal 

domain of the GluN2B subunit acts as a major 

hub for recruiting death-signaling proteins, 

which in turn is activated by calcium influx 

through the receptors to induce neuronal 

death.

Glutamate-dependent

neuronal survival and 

death

Lai et al., 2014, Progress in Neurobiology

http://dx.doi.org/10.1016/j.pneurobio.2013.11.006 



Synaptic activity mediates prolonged neuronal survival via a positive feedback loop between

CREB and BDNF. Synaptic activity promotes neuronal survival in part by NMDA receptor

(NMDAR)-mediated phosphorylative activation of cyclic AMP response element (CRE) 

binding protein (CREB). The phosphorylated CREB binds to the CREB-binding protein

(CBP) to regulate the transcription of CRE-responsive genes. 

Neuronal survival via CREB and BDNF

One survival gene that is

regulated is brain-derived

neurotrophic factor (BDNF), 

and BDNF release mediated

by NMDAR stimulation and 

BDNF activation of the Trk

receptor can further promote

CREB activation. During

cerebral ischemia, 

stimulation of the 

extrasynaptic NMDARs

induces a CREB shut-off

pathway, leading to

neuronal death.

Lai et al., 2014, Progress in Neurobiology

http://dx.doi.org/10.1016/j.pneurobio.2013.11.006 



Excitotoxicity recruits death-associated protein kinase 1 (DAPK1) to the 

cytoplasmic tail of the GluN2B subunit.

During cerebral ischemia, influx of calcium ion through the NMDA receptor (NMDAR) 

induces calcineurin-mediated dephosphorylation and activation of DAPK1 at serine-

308. The activated DAPK1 binds to the C-terminal domain of the GluN2B subunit of 

NMDAR, and augments the activity of the receptor to promote excitotoxicity. In 

addition, DAPK1 can be phosphorylated by extracellular signalregulated kinase (ERK) 

at serine-735, and this phosphorylation induces neuronal death directly by augmenting 

DAPK1 activity and by hindering the survival-promoting activity of ERK.

Lai et al., 2014, Progress in Neurobiology

http://dx.doi.org/10.1016/j.pneurobio.2013.11.006 



PSD-95 ICC in cultured hippocampal

neurons

The glutamatergic postsynaptic

density (PSD)



The molecular postsynaptic composition at 

at central glutamatergic synapses



Scaffold molecules in PSD

Scaffold proteins are abundant components of the PSD and have been shown to have 

crucial roles including trafficking, anchoring and clustering of glutamate receptors; linking 

glutamate receptors with their downstream signalling proteins; organizing multiple 

components into large signalling complexes; and interfacing with and regulating the 

dynamics of cytoskeletal structures
Feng & Zhang, 2009

Nature Reviews Neurosci.

doi:10.1038/nrn2540



The recent advances in high-resolution EM tomography coupled with specific antibody labelling have shown the 

anatomical structures of PSDs directly: the first layer of a PSD mainly contains membrane receptors, ion channels

and transmembrane cell-adhesion molecules, with NMDA receptors at the centre and AMPA receptors at the 

periphery; the second layer is enriched with scaffold proteins (MAGuK proteins, in particular PSD95), which are 

closely coupled to the membrane receptors and ion channels and are arranged perpendicular to the PSD membrane 

with their amino-terminal lipids attached to it; the third layer is comprised of Shank and guanylate kinase-associated 

protein (GKAP)-family proteins, which are linked to the carboxy-terminal Src homology 3–guanylate kinase-like 

(SH3–GK) domains of the MAGuK proteins and are arranged in parallel to the PSD membrane. The proteins in this 

third layer are further connected to the actin cytoskeleton. All of these membrane receptors and scaffold proteins form 

a weblike protein network to which other cytoplasmic PSD proteins and enzymes can bind.

The latest view: 

an orderly

organized PSD 

Feng & Zhang, 2009

Nature Reviews Neurosci.

doi:10.1038/nrn2540


