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Assembly of AMPA receptors: mechanisms and regulation
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Abstract AMPA receptors (AMPARs) play a critical role in excitatory glutamatergic neuro-
transmission. The number and subunit composition of AMPARs at synapses determines
the dynamics of fast glutamatergic signalling. Functional AMPARs on the cell surface are
tetramers. Thus tetrameric assembly of AMPARs represents a promising target for modulating
AMPAR-mediated signalling in health and disease. Multiple structural domains within
the receptor influence AMPAR assembly. In a proposed model for AMPAR assembly, the
amino-terminal domain underlies the formation of a dimer pool. The transmembrane domain
facilitates the formation and enhances the stability of the tetramer. The ligand-binding domain
influences assembly through a process referred to as ‘domain swapping’. We propose that this
core AMPAR assembly process could be regulated by neuronal signals and speculate on possible
mechanisms for such regulation.
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Introduction

In the central nervous system, fast excitatory glutamatergic
neurotransmission is mediated by ligand-gated or
ionotropic glutamate receptors (iGluRs), predominantly
the α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic
acid (AMPA) receptor subtype. There are four AMPAR
subunits (GluA1–4) encoded by separate genes, which
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are further diversified and differentiated by alternative
splicing and mRNA editing (Traynelis et al. 2010).
AMPARs are tetrameric complexes assembled from
four identical (homomeric) or similar (heteromeric)
subunits. The number and subunit composition of
AMPARs determine the efficiency and dynamics of
AMPAR-mediated synaptic signalling. Different subunit
compositions confer distinct biophysical and molecular
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properties to AMPARs. For example, GluA2-containing
receptors, which predominate in principal neurons,
display a linear current–voltage relationship and
are impermeable to Ca2+ due to constitutive Q/R
(glutamine/arginine) editing of the GluA2 subunit (Isaac
et al. 2007). In contrast, GluA2-lacking receptors,
which are often found in non-principal cells, display
a double-rectification, have higher single-channel
conductances and are Ca2+ permeable (Geiger et al. 1995;
Cull-Candy et al. 2006). Both the number and the sub-
unit compositions of AMPARs vary amongst different
brain regions/neuronal cell types (Martin et al. 1993;
Cull-Candy et al. 2006) and change during development
(Kumar et al. 2002), synaptic plasticity (Collingridge et al.
2004; Wang et al. 2012), and pathological states such as
epilepsy (Loddenkemper et al. 2014).

The composition of AMPARs on the plasma membrane
is not solely dictated by the expression pattern of the
four AMPAR genes. Rather, there is preferential assembly
between particular subunits and/or splice variants in the
endoplasmic reticulum (ER) (Greger et al. 2002, 2003;
Brorson et al. 2004; Coleman et al. 2006; Penn et al. 2012).
For example, GluA3 subunits can form homo-tetramers
when expressed alone (Suzuki et al. 2008), but in the
presence of other subunits such as GluA1 and GluA2
(and possibly GluA4 as well), GluA3 forms obligate
heteromers (Rossmann et al. 2011). To gain insight into
the mechanisms underlying the preferential assembly of
AMPAR subunits and its regulation, it is important to
understand how various structural elements influence
AMPAR assembly.

In this review, we propose a hypothetical model of
AMPAR tetrameric assembly (Fig. 1A) encompassing the
intrinsic interactions amongst subunits. We provide an
overview of the experimental evidence supporting this
model. In addition, we will speculate on how assembly
may be regulated and briefly explore the possibility of
modulating AMPAR assembly for basic research and
clinical applications.

Mechanistic model of AMPAR assembly

iGluR subunits have a modular structure containing
four discrete domains: an amino-terminal domain
(ATD) and a ligand-binding domain (LBD), both
located extracellularly, a transmembrane domain (TMD)
consisting of hydrophobic segments M1–M4, and an intra-
cellular carboxy-terminal domain (CTD) (Traynelis et al.
2010). The ATD, LBD and TMD all impact tetrameric
assembly of AMPARs (Nakagawa, 2010; Sukumaran et al.
2012). At present, there is no evidence for a role of the
CTD in AMPAR assembly.

The near-full-length crystal structure of GluA2 (Fig. 1B)
revealed a number of interesting features about AMPARs.

For example, the ATD and LBD each possess a 2-fold
rotational symmetry, where subunits of like conformation
are positioned opposite to each other (Fig. 1A, right
panels) (Sobolevsky et al. 2009). In contrast, the TMD
displays 4-fold symmetry. Further, there is a mismatch in
subunit arrangement between the ATD and LBD. In the
fully assembled receptor (Fig. 1A, right panels), subunits
that are proximal to each other (B and D) at the ATD level
are located distally at the LBD level, and vice versa.

Figure 1A illustrates a hypothetical model of AMPAR
assembly highlighting the intrinsic interactions among
subunits at levels of the ATD (upper panels), the
LBD (middle panels), and the TMD (lower panels).
In this model, the ATD facilitates the formation of
dimers (left panels). At the dimer stage, the LBDs of
the two participating subunits might associate to form
an LBD pair (dubbed ‘cis-LBD pair’). Dimers then
associate with each other via interactions within the ion
channel core to form an unstable intermediate termed
a ‘proto-tetramer’ (central panels). Cis-LBD pairs persist
into the proto-tetramer stage leading to an arrangement
at the level of the LBD matching that of the ATD. The
M4 transmembrane segment of each subunit then wraps
around the ion channel core (M1–M3) of an adjacent sub-
unit – a process we term ‘M4 wrapping’ – and stabilizes
the tetramer. At some point during this process, the LBDs
separate and exchange their interacting partners to form
‘trans-LBD pairs’ leading to the subunit arrangement
mismatch between the ATD and the LBD observed in
the fully assembled tetrameric complex (Sobolevsky et al.
2009). We refer to this process as ‘domain swapping’. M4
wrapping in the TMD, along with domain swapping, pre-
sumably contributes to the overall intrinsic energetics of
tetramerization. Additionally extrinsic factors such as ER
chaperones and glycosylation could also have important,
albeit undefined, modulatory effects on these subunit
interactions facilitating tetramerization.

Dimer formation driven by ATD

AMPAR assembly presumably involves a dimer inter-
mediate based on results from single-particle electron
microscopy (Tichelaar et al. 2004; Shanks et al. 2010),
size-exclusive chromatography (Shanks et al. 2010), as
well as blue-native polyacrylamide gel electrophoresis
(BN-PAGE) (Greger et al. 2003; Salussolia et al. 2013). The
composition of the dimer pool impacts the eventual sub-
unit composition of the fully assembled receptors (Ayalon
& Stern-Bach, 2001; Rossmann et al. 2011). Analytical
ultra-centrifugation studies have measured the selectivity
and affinity of the dimerization of isolated ATDs from
AMPARs as well as kainate receptors. These measured
parameters are at least partially predictive of the readily
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observed subunit compositions of full-length receptors
(Kumar et al. 2011; Rossmann et al. 2011).

The GluA1/GluA2 heteromeric receptor is one of the
major subunit compositions at synapses (Lu et al. 2009),
which is consistent with the high affinity between the
isolated ATDs of GluA1 and GluA2 (Rossmann et al.
2011). GluA1/GluA2 hetero-tetramers are apparently
centrally symmetrical, with like subunits positioned
oppositely (1-2-1-2) (Mansour et al. 2001), similar to the
subunit arrangement of N-methyl-D-aspartate receptors
(NMDARs) (Salussolia et al. 2011b; Riou et al. 2012).
How this subunit arrangement arises is unclear. It is
possible that the tetramer is assembled from a pair of

GluA1/GluA2 hetero-dimers. However, since the ATD is
translated first, its folding and dimerization might occur
before the entire polypeptide is synthesized and released
from the translation machinery, as occurs in the case of
potassium channels (Lu et al. 2001; Phartiyal et al. 2007).
As polypeptides translated from the same gene are locally
concentrated at a polyribosome, this initial dimerization
process might yield a significant amount of homo-dimers
instead of hetero-dimers. The relative significance of
the population of subunits assembled co-translationally
into homo-dimers, if they do exist, is unknown. Also
undefined is whether this population can still participate
in the formation of hetero-tetramers. If they can, these
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Figure 1. Model of AMPAR assembly
A, dimer formation is driven by associations between the ATDs (left panels). At this stage the LBDs within the
dimer form a cis-LBD pair (dashed rectangles). A pair of dimers forms an unstable intermediate (referred to as a
‘proto-tetramer’). In the proto-tetramer, the M1 and M3 helices, as well as the M2 re-entrant loops, form the ion
channel core (middle panels). The black dot denotes the ion channel pore. At this stage the cis-LBD pair adopts the
same arrangement as the ATD dimers. The interface between two LBD pairs (yellow diamond) is between the B
and D subunits. We propose two processes that may drive the proto-tetramer to a relatively stable tetramer (right
panels): (i) at the level of the TMD the M4 helix from each subunit associates with the ion channel core (M1–M3)
of an adjacent subunit, a process referred to as ‘M4 wrapping’; (ii) at the level of the LBD, the cis-pairs dissociate,
allowing changes in subunit arrangement and the formation of trans-pairs (dotted ellipse). After this exchange
(referred to as ‘domain swapping’), the dimer–dimer interface (yellow dot) is between the A and C subunits.
Both processes may introduce new inter-molecular interactions and/or relieve structural tension present in the
proto-tetramer, leading to a decrease in free energy and stabilization of the tetrameric complex. The assembly
process could be subject to controls by ER chaperones, glycosylation etc. B, crystal structure of homomeric GluA2
receptor (3KG2) (Sobolevsky et al. 2009). Subunits are coloured as in A. Subunit arrangement at the level of each
domain (planar sections) is shown in the right panels of A.
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homo-dimers must dissociate at some point during the
assembly process so that they can rearrange to adopt the
1-2-1-2 arrangement (Rossmann et al. 2011; Herguedas
et al. 2013).

Transmembrane interactions impacting tetramer
formation

When isolated, neither ATDs nor LBDs form tetramers in
solution (Weston et al. 2006; Zhao et al. 2012). Further,
AMPARs lacking the ATD form functional receptors
(Pasternack et al. 2002; Moykkynen et al. 2014). Hence
the ATD and the LBD are not sufficient for the formation
of a tetrameric complex. In a mature receptor the
most extensive inter-subunit molecular contacts occur
at the TMD level (Sobolevsky et al. 2009). Ayalon &
Stern-Bach (2001) showed that the TMD affects the sub-
unit composition of surface-expressed iGluRs. Recent
studies have directly demonstrated that molecular inter-
actions in the TMD are critical to AMPAR tetramerization
(Salussolia et al. 2013).

One factor stabilizing the tetrameric complex involves
the M4 transmembrane segment, which is peripheral to
the ion channel core (M1–M3) (Fig. 1, lower panels).
The M4 segment is a critical component of AMPAR

tetramerization (Salussolia et al. 2011a, 2013). Without
the M4 segment, GluA1 as well as GluA2 subunits fail
to form homo-tetramers (Fig. 2A) or hetero-tetramers
(Salussolia et al. 2013). In the GluA2 structure (Sobolevsky
et al. 2009), the M4 from each subunit fits tightly into
a groove formed by the M1 and M3 transmembrane
helices of an adjacent subunit (Fig. 2E). Tryptophan
substitutions in this ‘M4 interaction face’ (e.g. V795W
and E813W) but not on the opposite side of the helix
(e.g. L811W) disrupt tetramerization as assayed using
blue-native PAGE (Fig. 2B) and fluorescent size-exclusive
chromatography (Fig. 2C). These experimental results,
combined with structural information, indicate that the
interactions between one face of the M4 helix and the
outer surface of the ion channel core (M1–M3) stabilize
the tetrameric complex (Fig. 2D and E).

Such a mechanism would require the packing of M1
and M3 helices from all four subunits into an ion channel
before the M4 even comes into play (Fig. 1, central
panels). Interestingly, the Q/R editing site in the pore
region regulates AMPAR assembly and trafficking, with
the editing of glutamine to arginine resulting in reduced
tetramerization and ER export of homomeric GluA2
receptors (Greger et al. 2002, 2003). The constitutive Q/R
editing of GluA2 presumably causes GluA2 subunits to
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Figure 2. M4 helix is necessary for AMPAR tetramerization
A, blue-native PAGE (BN-PAGE) illustrating that the deletion of M4 (�M4) yields only dimers in contrast to wild-type
GluA2(R) (A2(R)). Tetramer (T) and dimer (D) bands are based on apoferritin and NativeMark standards. B, example
BN-PAGE for single Trp (W) substitutions of the M4 helix in GluA2(R). Trp substitutions at certain positions (V795W
and E813W) had the same effect on tetramerization as the deletion of the entire M4, while others (L811W) had
no effect. C, fluorescent size-exclusion chromatography (FSEC) of GluA2(Q)–enhanced green fluorescent protein
(EGFP) with single M4 substitutions correlated well with results from BN-PAGE. Peaks corresponding to different
oligomeric species are indicated. Data from Salussolia et al. (2013). D, putative model for iGluR assembly at the
level of the transmembrane domain where a pair of dimers forms a tetrameric complex, presumably stabilized by
interactions between the M4 of a subunit and M1–M3 of an adjacent subunit. E, positions in the M4 segment
where single Trp substitutions block tetramerization are located along a specific face of the helix (red), referred
to as ‘VLGAVE’ (V, valine; L, leucine; G, glycine; A, alanine; V, valine; E, glutamate). The VLGAVE face of the M4
segment from one subunit (dark grey) fits into a groove formed by M1 and M3 from an adjacent subunit (light
grey).
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assemble less efficiently, therefore contributing to GluA2’s
longer ER dwell time (Greger et al. 2003).

The involvement of the ion channel core in AMPAR
assembly is not surprising since the homologous region
is also involved in the assembly of potassium channels
(Splitt et al. 2000; Wang et al. 2009). Moreover, the
‘lurcher’ mutation, which is located within the highly
conserved ‘SYTANLAAF’ motif near the M3 bundle
crossing, also makes tetramerization less efficient (Kim
et al. 2010). We therefore hypothesize that interactions
within the ion channel core facilitate the formation of the
proto-tetramer (Fig. 1, central panel), while the wrapping
of the M4 segment stabilizes the proto-tetramer and
drives its transition into a mature tetramer (Fig. 1, right
panel).

Domain swapping

The LBD, which drives receptor gating, also influences
AMPAR and kainate receptor trafficking (Mah et al. 2005;
Penn et al. 2008; Coleman et al. 2009, 2010), possibly by
modulating tetrameric assembly. For example, the R/G
(arginine/glycine) editing site in the LBD and the flip-flop
alternative splicing site, which includes parts of the LBD
and the LBD–M4 linker, both regulate AMPAR assembly
(Greger et al. 2006; Penn et al. 2012). In our proposed
model, domain swapping in the LBD is a factor facilitating
the transition from the proto-tetramer to a fully assembled
tetramer (Fig. 1A).

The proposed cis-LBD pair (Fig. 1A, middle panel) has
not been experimentally observed, suggesting that the
association must be transient if it exists at all (Shanks
et al. 2010; Sukumaran et al. 2012). Nevertheless, there
is circumstantial evidence for the existence of such a
configuration. An L-to-Y (leucine to tyrosine) mutation
that stabilizes the LBD dimer interface (Sun et al. 2002)
reduces tetramer formation (Greger et al. 2006; Shanks
et al. 2010). One explanation for the mutation’s negative
effect on assembly may be that it traps the LBDs in the
‘cis-LBD pair’ configuration, reducing the rate of ‘domain
swapping’ (Nakagawa, 2010). Since flip-flop alternative
splicing targets part of the LBD, it may also influence
AMPAR assembly and forward trafficking (Brorson et al.
2004; Coleman et al. 2006; Penn et al. 2012) by modulating
‘domain swapping’. Further supporting this idea, in the
GluK2 kainate receptor, which displays an ATD–LBD
arrangement mismatch similar to AMPARs (Das et al.
2010), stabilizing the LBD dimer interface with disulfide
cross-links leads to a drastic reduction in the receptor’s ER
export (Priel et al. 2006).

How ‘domain swapping’ might influence tetramer
formation remains unclear. One possibility is that
domain swapping influences how AMPARs interact
with ER-associated proteins (e.g. chaperone proteins,

cornichons, etc.). Alternatively domain swapping might
affect the intrinsic energetics of the receptor. During
‘domain swapping’, structural tensions in the LBD–M4
linker and/or steric clashes at the LBD dimer–dimer inter-
face (Fig. 1A) that might exist at the proto-tetramer stage
are relaxed, allowing tighter packing in the TMD and
resulting in a negative �G. In this scenario, it is unclear
whether domain swapping is influenced by M4 wrapping
or vice versa.

Regulation of AMPAR assembly: evidence and
possibilities

Changes in the number and subunit composition of
surface-expressed AMPARs underlie many forms of
synaptic plasticity (Collingridge et al. 2004; Wang et al.
2012). Changes in synaptic strength during synaptic
plasticity require a reserve pool of iGluRs that are fully
assembled and ready for rapid plasma membrane insertion
(Granger et al. 2013). Endocytic recycling of AMPARs
contributes significantly to this reserve pool (Park et al.
2004; Petrini et al. 2009) and could largely account for the
change in the number of iGluRs. However, in addition
to the number of iGluRs, the subunit compositions
also change during synaptic plasticity and disease states.
For example, the proportion of GluA2-lacking AMPARs
in dopaminergic neurons in the ventral tegmental area
increases in response to cocaine exposure (Bowers et al.
2010). Also, in patients with refractory epilepsy, there is a
significant loss of AMPARs containing the GluA1 subunit
in multiple brain regions (Grigorenko et al. 1997). How
exactly these changes in AMPAR subunit composition are
achieved is still unclear. Subunit compositions of AMPARs
in this intracellular pool may in part be established by
a constitutive supply of readily assembled receptors –
GluA2-containing as well as GluA2-lacking – flowing in
from the ER regardless of synaptic activities. Alterations in
the subunit compositions of surface-expressed receptors
would then result from activity-dependent regulations on
exocytosis, endocytosis and synaptic targeting, as well as
lysosomal degradation (Derkach et al. 2007; Makino &
Malinow, 2009). Complementing these mechanisms, the
subunit composition of the reserve pool could vary in an
activity-dependent manner due to changes in the receptor
availability from the ER, where translation of individual
AMPAR subunits and their tetrameric assembly occurs.
Such a scenario requires regulations at stages prior to the
receptors’ exit from the ER. In neurons, the ER network
extends into the dendritic tree (Cui-Wang et al. 2012). In
addition, mRNAs encoding for AMPARs accumulate in
the dendritic ER and are translated locally (Grooms et al.
2006; Mameli et al. 2007). Here we describe a number of
possible mechanisms through which AMPAR biogenesis
may be regulated (Fig. 3).

C© 2014 The Authors. The Journal of Physiology C© 2014 The Physiological Society
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(1) The overall and relative abundance of AMPAR
subunits and splice variants may be altered by
neuronal activity – through gene expression, RNA
splicing/alternative splicing, translation etc. – leading to a
change in receptor number and composition (Fig. 3A).
For example, chronic activity block in cultured CA1
hippocampal neurons leads to an increase in local
dendritic synthesis of GluA1 subunits, but not GluA2,
causing the subunit composition of synaptic receptors
to shift towards those lacking GluA2 (Ju et al. 2004).
Alternatively, this could be a result of alternative mRNA
splicing or editing. For instance, activity block in cultured

CA1 neurons results in an increase in the percentage
of the flop isoform of both GluA1 (A1o) and GluA2
(A2o) (Penn et al. 2012). Since GluA2 subunits have
a longer ER residence time than GluA1 (Greger et al.
2003), the newly emerged GluA1o subunits are more
likely to recruit the lingering GluA2i subunits into forming
A1o/A2i heteromers.

(2) Native AMPARs in neurons form complexes
with transmembrane auxiliary subunits such as trans-
membrane auxillary regulatory proteins (TARPs),
cornichons, CKAMP44 and SynDIG1 (Jackson & Nicoll,
2011). Some of these complexes might form in the ER

Figure 3. Possible mechanisms underlying the regulation of AMPAR assembly
A, the level of gene expression, alternative splicing and/or translation of a particular type of AMPAR subunit
(blue) is modulated by an activity-dependent signal, thereby shifting the subunit composition of the reserve
receptor pool. B, two hypothetical ER chaperones ‘A’ and ‘B’ bind to and stabilize dimers and tetramers of a
particular subunit composition (red and blue), respectively, thereby modulating the equilibrium of tetramerization.
C-terminal-interacting proteins might also take part in this process. C, the equilibrium between receptor dimers and
tetramers may be influenced by the microenvironment in the ER lumen (e.g. redox, Ca2+, glutamate concentration,
etc.), which could in turn be altered by changes in neuronal activity and metabolic state. D, since the C-termini
of AMPAR subunits in the ER are exposed to the cytoplasm, their phosphorylation states could be modified by
cytoplasmic kinases and phosphatases, whose activities could be influenced by neuronal signals from nearby
dendritic spines. The phosphorylation level of the CTD could in turn modulate preferential assembly of different
subunits, leading to changes in subunit composition.
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during or following tetrameric assembly (Standley et al.
2000; Greger et al. 2002). Cornichons, in addition to
being auxiliary subunits that modulate AMPAR function,
may also act as ER chaperones that enhance the forward
trafficking of receptors out of the ER (Shi et al. 2010).
Bona fide ER chaperones such as calnexin and BiP, which
are involved in protein folding and trafficking (Ellgaard
& Helenius, 2003), associate with AMPARs (Rubio &
Wenthold, 1999) possibly in a subunit-specific manner
(Fukata et al. 2005). Additionally, AMPARs also associate,
directly or indirectly, with a number of PDZ domain
proteins such as SAP97, GRIP and PICK1 (Anggono &
Huganir, 2012). For example, in hippocampal neurons,
SAP97 associates with GluA1 early in the secretory
pathway while the receptors are in the ER or the cis-Golgi
apparatus (Sans et al. 2001). PICK1, on the other hand,
associates with GluA2 subunits residing in the ER and
together with Ca2+–calmodulin-dependent protein kinase
II (CaMKII) regulates the ER export of GluA2-containing
receptors (Greger et al. 2002; Lu et al. 2014). Such
associations may stabilize or destabilize specific oligomeric
species (Fig. 3B) by altering the intrinsic energetics
of certain structural changes involved in the assembly
process. This could occur in an activity-dependent
manner, shifting the dimer/tetramer equilibrium and/or
the predominance of subunit combinations in the ER
during synaptic plasticity.

(3) The extracellular domains of the receptor, which
are located in the ER lumen during assembly (Fig. 3C),
influence receptor assembly. As such, the ER micro-
environment as well as molecular processes that occur
within the ER lumen could impact assembly through
these domains. The binding of intraluminal glutamate is
required for efficient ER exit of iGluRs (Mah et al. 2005;
Fleck, 2006; Penn et al. 2008). One possibility is that the
conformational changes in the LBD induced by glutamate
influence the rate of formation and/or stability of the
tetrameric complex, possibly by altering the efficiency
of ‘domain swapping’. Fluctuations in luminal glutamate
concentration might therefore regulate AMPAR assembly.
Additionally, Ca2+ concentration and redox states within
the ER lumen, which are subject to changes depending
on the cell’s metabolic state (Montero et al. 1995; Avezov
et al. 2013), also represent possible routes of regulation
on receptor assembly under disease states. According to
the crystal structure, there are two intra-subunit disulfide
bonds in each GluA2 subunit (one in each of the ATD and
LBD) (Sobolevsky et al. 2009), which could be important
to the proper folding of these domains. The redox state
in the ER lumen might therefore affect the structural
integrity of the extracellular domains via the process of
oxidative protein folding (Tu & Weissman, 2004), and in
turn influence assembly.

An additional ER-related process that might influence
AMPAR assembly is N-glycosylation of the ATD.

N-Glycosylation of certain ion channels such as acetyl-
choline receptors and voltage-gated sodium channels
(Merlie et al. 1982; Schmidt & Catterall, 1986) are required
for their proper assembly. Furthermore, N-glycosylation
of many neuronal proteins, such as the sodium channel β4
subunit and GABAA receptor subunits, is developmentally
regulated or might change in pathological states (Zhou
et al. 2012; Mueller et al. 2014). While it is imaginable that
N-glycosylation might represent a pathway for regulating
AMPAR assembly as well, its actual involvement is
controversial (Kawamoto et al. 1995; Everts et al. 1997).
Nevertheless, the role of N-glycosylation in AMPAR
assembly remains an intriguing issue that warrants further
investigation.

(4) Activity-dependent modifications of C-terminal
sites such as phosphorylation, palmitoylation,
O-glycosylation and S-nitrosylation (Kanno et al.
2010; Traynelis et al. 2010; Selvakumar et al. 2013) could
influence the subunit composition of AMPARs. Although
phosphorylation of the C-terminus is known to affect
AMPAR trafficking in a subunit composition-dependent
manner (Henley et al. 2011), whether it could occur
early in the secretory pathway is unknown. Still,
the C-terminal domains of AMPARs in the ER are
exposed to the cytoplasm, where cellular kinases and
phosphatases are located. Protein kinase C-mediated
phosphorylations in the C-terminal domains of NMDAR
do indeed occur in the ER and regulate the receptor’s
export (Scott et al. 2001). In cardiomyocytes, protein
kinase A phosphorylation of HERG channels in the ER
augments its synthesis and export (Sroubek & McDonald,
2011). Thus, a similar mechanism involving C-terminal
phosphorylation (or other types of modifications) could
influence the assembly of AMPARs in the ER as well, either
by directly altering the interactions between subunits or
by modulating the functions of C-terminus-associating
proteins (Fig. 3D).

Understanding the regulation of AMPAR assembly
could have a widespread impact on both basic and
clinical research. One could utilize this knowledge to
design artificial AMPAR constructs that tetramerize
on-demand in response to physiological manipulations
(e.g. application of drugs, electric stimulations, etc.). One
possible strategy to achieve this is to substitute pairs
of amino acid residues involved in receptor assembly
with unnatural amino acids that cross-link in response
to UV light (e.g. BpA; Klippenstein et al. 2014). The
resultant receptor would only tetramerize upon UV
exposure. Such a construct, if achievable, would be a
powerful tool for studying the dynamics of AMPAR
assembly and trafficking. On the other hand, small
molecules that modulate the assembly of AMPAR and
other iGluRs would have great potential as therapeutic
agents. For instance, AMPAR antagonists NBQX and
GYKI-54266, in addition to their functional effects on
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the receptor, can also rescue the forward trafficking
deficit of the L-to-Y mutant of GluA4 (Coleman et al.
2009). This finding opens up the possibility for designing
‘pharmacological chaperones’ that penetrate into the
ER to target the assembly process in a subunit-specific
manner.
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