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Abstract
Synaptically activated, rapid and dendritic synthesis of new proteins has long been proposed to
mediate long-lasting changes at the synapse [1]. Studies of group 1 metabotropic glutamate receptor-
dependent long-term depression (mGluR-LTD) have provided new insight into dendritic or local
translation and plasticity. Here we highlight these exciting results and discuss how synaptic activity
controls local translation, the proteins that are synthesized in dendrites, how they affect synaptic
function and how altered local translational control contributes to a form of human mental retardation,
Fragile X Syndrome.

Rapid postsynaptic translation is required for mGluR-dependent LTD
Principal neurons possess on average 10,000 excitatory synapses. Plasticity of individual or
localized regions of synapses is necessary for the information storage capacity of the brain.
Upon the discovery of polyribosomes within dendritic shafts and spines, it was suggested that
rapid dendritic protein synthesis, triggered by synaptic activity, may serve as a mechanism for
long-term plasticity at specific synapses. Empirical data support the role of dendritic protein
synthesis in the maintenance of long-term potentiation (LTP) and depression (LTD) [2,3].
Recent advances in our understanding of localized protein synthesis in synaptic plasticity stem
from studies of a form of LTD induced by activation of the Gq coupled metabotropic glutamate
receptors (mGluR1 and 5; mGluR-LTD). At excitatory synapses onto CA1 pyramidal neurons,
LTD can be induced pharmacologically with the group 1 mGluR agonist, DHPG, or by synaptic
stimulation of mGluRs via paired-pulse low frequency stimulation of Schaffer collaterals [4,
5]. MGluR-LTD is induced in mature neurons with either paradigm where it requires rapid
protein synthesis (~15 minutes) from preexisting mRNA [4,6]. In CA1, mGluR-LTD can be
elicited in transected dendrites and affects only active synapses, suggesting that newly required
proteins are synthesized in the dendrite and locally weaken synapses [4]. More recently, it was
demonstrated that activation of Gq-coupled M1 muscarinic acetylcholine receptors (mAChRs)
elicits a protein synthesis dependent LTD that occludes mGluR-LTD in CA1 [7,8]. Therefore,
activation of multiple Gq coupled receptors converges upon a single common LTD mechanism
that utilizes rapid, postsynaptic protein synthesis. In contrast, another well characterized form
of LTD at CA1 synapses is induced by activation of NMDA receptors but persists in protein
synthesis inhibitors for an hour or more [4]. From this work, it has been hypothesized that
mGluRs trigger the rapid synthesis of new proteins in dendrites that function to cause LTD at
locally active synapses. For the purpose of this review, we will define these newly synthesized
proteins as “LTD proteins”.
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mGluR-LTD is altered in the Fragile X Syndrome mouse model
Understanding the mechanisms and function of mGluR-LTD has relevance for human
neurological disease because mGluR-LTD is altered in a mouse model of mental retardation
and autism, Fragile X Syndrome (FXS). Fragile X Syndrome results from loss of function
mutations in Fmr1, which encodes an RNA binding protein, Fragile X Mental retardation
protein (FMRP) [9]. FMRP associates with dendritic mRNAs and RNA granules, as well as
translating polyribosomes, while Fmr1 mRNA is itself present in dendrites and translated in
response to mGluR activation [10] (reviewed in [9]). In addition to Fmr1, many of the mRNAs
translated in response to group 1 mGluRs interact with FMRP, including Psd-95 [11], amyloid
precursor protein (App) [12], elongation factor 1a (Ef1a) [13], microtubule associated protein
1B (Map1b) [14,15], and activity regulated cytoskeleton-associated protein (Arc) [16,17].
Consequently, FMRP is emerging as a major regulator of mGluR-dependent protein synthesis
and plasticity. In Fmr1 KO mice, mGluR- and M1 mAChR-dependent LTD are enhanced and
persist independently of new protein synthesis and upstream activators of protein synthesis
[15,18,19]. Based on these results and the known molecular function of FMRP, it has been
proposed that FMRP translationally suppresses mRNAs encoding the “LTD proteins”.
Therefore, in the absence of FMRP, as in FXS, “LTD proteins” are available or even enhanced
in the dendrite. While LTD must be triggered by mGluR activation in Fmr1 KO mice, the
availability of “LTD proteins” may enhance the magnitude of LTD at KO synapses and relieve
the requirement for de novo synthesis (Fig. 1).

Expression Mechanisms of mGluR-LTD and candidate “LTD proteins”
Determining the molecular mechanisms of mGluR-LTD is essential to understanding how
newly synthesized proteins in dendrites mediate plasticity as well as how and why plasticity
is altered in Fragile X Syndrome. Activation of mGluRs causes a long-term decrease in surface
AMPARs, both GluR1 and GluR2 subunits, lasting at least an hour [20,21]. AMPAR
endocytosis is required for mGluR-LTD given that postsynaptic injection of D15, a peptide
which interferes with dynamin-amphiphysin interactions and AMPAR endocytosis, blocks
mGluR-LTD in slices [22]. New protein synthesis is not necessary for mGluRs to initiate
AMPAR endocytosis, but instead are required for the decreases in surface AMPARs observed
one hour after DHPG [16,20]. Therefore, candidate “LTD proteins” likely play a role in
regulation of AMPAR trafficking.

How does mGluR activation lead to the persistent decreases in surface AMPAR expression
levels that mediate LTD? Receptor biotinylation and ratiometric immunocytochemical studies
of primary hippocampal cultures reveal that mGluR-LTD results in a protein synthesis-
dependent increase in AMPAR endocytosis rate that lasts for at least one hour [16].
Interestingly, NMDAR- LTD is also mediated by decreases in surface AMPARs, but unlike
mGluR-LTD, is not associated with persistent increases in AMPAR endocytosis rate. These
data suggest that mGluR-LTD, specifically, is maintained by new protein(s) that increase
AMPAR endocytosis rate. To maintain the steady state level of surface AMPARs observed
during mGluR-LTD in the face of a persistently elevated endocytosis rate, the requisite
exocytosis rate must also increase. This model also implies that AMPARs recycle more rapidly
during mGluR-LTD [16].

Recent studies have identified several mRNAs that interact with FMRP and encode proteins
that regulate AMPAR trafficking [12,14,16,17]. Of these, activity-regulated cytoskeleton-
associated protein, (Arc) (also termed Activity regulated gene of 3.1kb or Arg3.1) is a leading
candidate “LTD protein”, in part because it increases AMPAR endocytosis rate through
interactions with endophilin 2/3 and dynamin 2 [23]. Arc is a particularly fascinating gene
because it is induced in response to neuronal activity and is then rapidly transported to
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dendrites, where Arc mRNA accumulates at active synapses [24–27]. These results prompted
the idea that local translation of Arc at synapses may mediate plasticity and encoding of Arc-
inducing experience. In support of this idea, mGluR activation triggers rapid translation of
Arc in dendrites [16,17] (Fig. 1). Transgenic knockout or constitutive knockdown of Arc with
short-hairpin (sh) RNA blocks mGluR-induced LTD and long-term decreases in surface
GluR1, illustrating a necessary role for Arc in LTD [16,17]. Surprisingly, Arc KD inhibited
the early mGluR-triggered AMPAR endocytosis that is independent of new protein synthesis
indicating a role for existing Arc protein. Because Arc KD did not hinder NMDAR-induced
trafficking of AMPARs, demonstrating Arc specificity for mGluR-mediated AMPAR
endocytosis. By utilizing constitutive knockdown or KO of proteins, such as Arc, it is difficult
to discern the requirement for existing protein, versus newly synthesized protein, in LTD.
Therefore, acute manipulations that inhibit mGluR-induced translation of specific proteins,
such as antisense oligonucleotides (oligos) or small-interfering RNAs, have been used. Acute
(20–30 min) introduction of antisense oligos into either dissociated hippocampal cultures or
acute slices (via a patch pipette) blocks mGluR-induced increases in Arc protein without
affecting basal Arc levels (Fig. 1). Such treatments also prevented mGluR-induced LTD,
decreases in surface AMPAR expression, and persistent increases in AMPAR endocytosis rate
(Fig. 1) [16]. In summary, existing Arc protein is required for mGluRs to trigger AMPAR
endocytosis. Whereas, mGluR-induced synthesis of new Arc is necessary to maintain LTD,
likely through increases in GluR1 endocytosis rate. In support of a role for Arc in mGluR-LTD
maintenance, Arc levels remain elevated for at least one hour after LTD induction [17]. Because
Arc directly interacts with dynamin and endophilin, Arc may act as a scaffold, localizing
endocytosis machinery to its effectors and/or increasing the function of dynamin and
endophilin to enhance endocytosis [23]. Postranslational modification of Arc or AMPARs by
mGluRs may play a role in triggering AMPAR endocytosis. In support of this possibility,
tyrosine phosphatase activity is required for mGluRs to dephosphorylate and trigger
endocytosis of GluR2 [21].

Related to this work, translation of a specific tyrosine phosphatase, striatal-enriched protein
tyrosine phosphatase (STEP), has been implicated in mGluR-driven AMPAR endocytosis (Fig.
2). Levels of STEP protein are increased in hippocampal synaptoneurosomes within minutes
following DHPG treatment, a process that requires translation from pre-existing mRNA [28].
Inhibition of STEP function using a cell permeable substrate-trapping protein or genetic
deletion of STEP increases AMPAR surface expression and blocks DHPG-triggered AMPAR
endocytosis as well as Tyr dephosphorylation of GluR2. Synthesis of new STEP may function
to maintain GluR2 in a Tyr dephosphorylated state, which, together with Arc, may maintain
the increased endocytosis rate associated with mGluR-LTD. Future experiments are important
to establish whether Step mRNA is present in dendrites and whether it interacts with FMRP.

A third candidate “LTD protein” is microtubule-associated protein 1B (MAP1B). Map1b is a
well characterized, dendritic, FMRP interacting mRNA, but its role in mGluR-triggered
AMPAR endocytosis has only been recently elucidated. DHPG treatment of hippocampal
neurons increases MAP1B levels in dendrites, and constitutive knockdown of MAP1B prevents
DHPG-induced AMPAR endocytosis [14,15]. MAP1B interacts with the GluR2 interacting
protein and scaffold GRIP1, and DHPG increases this association [14,29]. Because GRIP1
stabilizes surface GluRs, the synthesis of MAP1B may serve to sequester GRIP1 away from
the synapse and destabilize GluR surface expression. Although NMDAR activation induces
synthesis of MAP1B, MAP1B is dispensible for NMDAR- triggered decreases in surface
AMPARs.

This data suggests that mGluRs stimulate a coordinated synthesis of multiple, functionally
related proteins that together mediate persistent decreases in surfaces AMPARs and LTD.
However, in contrast to this idea, overexpression of Arc or STEP alone results in decreased
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surface AMPAR expression and only Arc occludes subsequent mGluR-induced decreases,
whereas STEP does not [16,28]. One possibility is that STEP may play a somewhat permissive
role in mGluR-LTD, such that Tyr dephosphorylation of GluR2 allows AMPAR endocytosis,
perhaps by multiple pathways, but is not sufficient to cause endocytosis to the level that
saturates and occludes mGluR-LTD. Importantly, these results also suggest that Arc is
sufficient to mimic LTD in the absence of new synthesis of STEP and perhaps MAP1b. To
better understand if and how synthesis of multiple proteins mediate LTD, experiments utilizing
antisense oligos to block new synthesis of STEP and MAP1b during mGluR-LTD are required.
In addition, determining if Arc overexpression is sufficient to induced LTD in STEP or MAP1B
knockout neurons, and vice versa, may further this goal.

Understanding the role and interactions of the multiple “LTD proteins” may also further our
understanding of how mGluR-LTD proceeds without new protein synthesis in Fmr1 KO mice
[15,18]. MGluR-LTD in Fmr1 KO mice still relies on Arc because crossing Arc KO to Fmr1
KO mice leads to smaller LTD [17]. However, we do not detect elevated levels of Arc protein
n hippocampal synaptoneurosomes of Fmr1 KO mice (J. Wilkerson and Huber, unpublished
observations) suggesting that either posttranslational modifications of Arc or increased levels
of other “LTD proteins” contribute to altered LTD in Fmr1 KO mice.

Protein Synthesis dependent mGluR-LTD in other brain regions
Gq coupled receptor and protein synthesis dependent LTD is observed in multiple brain regions
including the neocortex, cerebellum, ventral tegmental area (VTA) and dentate gyrus [8,30–
33]. MGluR-LTD has been most well characterized at the cerebellar granule cell-Purkinje cell
synapse where strong evidence links LTD to cerebellar dependent learning. Like hippocampal
mGluR-LTD, cerebellar mGluR-LTD is mediated by decreases in surface AMPARs and
requires new protein synthesis, suggesting it may similarly rely on synthesis of Arc, MAP1b
or STEP [30,31,34]. In contrast, mGluR-LTD in the VTA is mediated by distinct synaptic
mechanisms from LTD in CA1, but still relies on rapidly synthesized proteins [32]. Elegant
work performed by Luscher and colleagues demonstrated that mGluR-LTD of excitatory inputs
onto dopaminergic neurons in the VTA occurs by replacing GluR2-lacking AMPARs with
lower conducting GluR2-containing AMPARs, which requires new synthesis of GluR2 [32].
Interestingly, mGluR-LTD reverses the synaptic AMPAR subunit changes that are induced by
cocaine, and therefore may be important for understanding mechanisms that reverse addiction-
related behaviors [35]. Targeted inhibition of new GluR2 synthesis using an antisense
olignucleotide or small interfering RNA rapidly (~ 5–10 min) abolished mGluR-LTD [32].
GluR2 may be rapidly turned over in dopaminergic neurons such that inhibition of new
synthesis during the “baseline” period, prior to LTD induction, prevents LTD. Alternatively
mGluR stimulation during the LTD induction protocol triggers a rapid synthesis of GluR2 that
remarkably is functional within 5–10 min. In support of the latter idea, mGluR stimulation
induces synthesis of GluR2 in dendrites of cultured hippocampal neurons [36,37].

mGluRs regulate translation at multiple stages
mGluR activation of translation initiation

Studies of mGluR-LTD have provided critical knowledge of how synaptic activity activates
rapid protein synthesis. Evidence supports the view that mGluRs regulate translation at
multiple levels, through regulation of general translation factors as well as RNA binding
proteins such as FMRP (Fig. 3). MGluR activity stimulates translation initiation through 2
major signaling pathways, the ERK-MAPK and PI3K-mTOR pathways (Fig. 3). To initiate
translation, mGluRs trigger phosphorylation of eukaryotic initiation factor 4E (eIF4E), and
eIF4E binding protein (4EBP) as well as stimulate formation of the translation intiation (eIF4F)
complex [19,38]. ERK phosphorylates and activates MAPK-interacting kinase (Mnk1), which
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in turn phosphorylates, eIF4E [3]. Consequently, MGluR-induced phosphorylation of Mnk1
and eIF4E require ERK [38]. mGluRs also stimulate the PI3 kinase-mTOR pathway of which
one downstream effector is 4EBP [19,38,39]. Upon phosphorylation by mTOR, 4EBP reduces
its affinity for eIF4E which may allow eIF4E phosphorylation by ERK as well as stimulate
eIF4F initiation complex assembly [38]. Activation of translation initiation appears necessary
for mGluR-LTD because inhibition of PI3 kinase, mTOR, ERK or translation initiation (by
inhibition of 5′ CAP binding) prevents mGluR-LTD [4,39,40]. Furthermore, mice with a
knockout of 4EBP2, an endogenous inhibitor of eIF4F complex assembly, display enhanced
mGluR-LTD, suggesting that inhibition of translation initiation normally limits the magnitude
of mGluR-LTD.

MGluRs enhance the overall translational capacity of dendrites through activation of mTOR,
p70 S6 kinase, and phosphorylation of the S6 ribosomal subunit [41]. S6 phosphorylation
correlates with enhanced translation rates and translation of 5′ terminal oligopyrimidine tract
(5′TOP) containing mRNAs that encode ribosomes, initiation and elongation factors [2,41].
MGluRs stimulate phosphorylation of p70 S6K and S6 in hippocampal slices through
activation of PI3K, mTOR as well as ERK [19,41]. Furthermore, mGluRs stimulate translation
of a 5′ TOP containing mRNA encoding Elongation Factor 1a (EF1a) [13,19,41]. Surprisingly,
constitutive deletion of the p70S6K isoforms S6K1 and S6K2 does not abolish mGluR-induced
LTD and phosphorylation of S6, suggesting that alternate pathways for S6 phosphorylation
are intact or compensate in these mice [41]. Like group 1 mGluRs, M1 mAChRs stimulate
phosphorylation of ERK and p70 S6K and mAChR-induced LTD relies on ERK and mTOR
[7].

mRNA specific translational control through FMRP
In addition to stimulation of general translation, mGluRs may activate translation of specific
mRNAs through FMRP protein interactions or posttranslational regulation of FMRP (Fig. 3).
Cytoplasmic FMRP interacting protein (CYFIP1) is a newly identified eIF4E binding protein
(4EBP) which forms a complex with FMRP and target mRNAs such as MAP1b and Arc. Upon
synaptic mGluR stimulation, CYFIP1 dissociates from eIF4E which presumably facilitates
formation of the eIF4F initiation complex. Consistent with this idea, a reduction in CYFIP1
levels in neurons is correlated with increased protein expression of FMRP target mRNAs
[42].

FMRP may regulate translation of its target mRNAs at the elongation step. Phosphorylation
of FMRP on a conserved serine residue (Ser500 in human FMRP) alters the association of
FMRP with stalled or translating polyribosomes, with dephosphorylated FMRP being more
associated with translating polysomes [43]. Upon mGluR stimulation, FMRP is rapidly
dephosphorylated by PP2A and then rephosphorylated by p70 S6K in an mTOR and ERK
dependent manner. FMRP dephosphorylation is associated with rapid synthesis of a FMRP
target mRNA, SAPAP3, observed 2 minutes after mGluR stimulation [44,45] (reviewed in
[9]). Precisely how FMRP regulates translation is not understood. It is posited that the rapid
dephosphorylation of FMRP may allow or stimulate movement of polyribosomes along mRNA
[9]. Furthermore, FMRP is also ubiquitinated and rapidly degraded via the proteosome after
mGluR stimulation which may function to relieve any translational suppression [15]. These
posttranslational modifications of FMRP would provide a rapid mechanism to couple synaptic
activity to rapid translational activation of specific FMRP interacting mRNAs.

mGluR5-signaling complex to translational machinery
To mediate rapid and localized translational control, mGluRs physically interact with
molecules that signal to translation machinery (Fig. 3). mGluR5 directly interacts with PP2A
and elicits a rapid and bidirectional control of PP2A activity and FMRP phosphorylation [44,
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46]. Interaction of the mGluR5 C-terminal tail with the scaffold and signaling molecule Homer
forms a critical link between mGluRs and activation of the translational apparatus as well as
LTD induction. Dimerization of Homer molecules scaffolds mGluR5 to PI3K enhancer
(PIKE), a small GTPase that binds PI3K and stimulates its lipid kinase activity [47]. Acute
disruption of mGluR5-Homer interactions in hippocampal slices blocks mGluR-LTD, as well
as mGluR stimulation of PI3K-mTOR, translation initiation and synthesis of EF1a [19]. These
findings may have important implications for understanding altered mGluR signaling in FXS.
mGluR5 is less associated with Homer in Fmr1 KO mice [48], which may contribute to the
inability of mGluRs to activate PI3K-mTOR and translation in these mice [19].

Recent findings reveal a role for mGluRs in control of translation elongation which also occurs
through Homer interactions [14,17]. Surprisingly, mGluR5 inhibits translation elongation and
this occurs through direct and indirect (via Homer) association with Ca2+/calmodulin-
dependent eukaryotic elongation factor 2 kinase (EF2K) [17]. EF2K binds mGluRs under basal
conditions. Following mGluR stimulation and Ca2+ increases, EF2K dissociates from the
GPCR and phosphorylates eukaryotic elongation factor 2 (EF2). Although phosphorylation of
EF2 generally inhibits elongation, it also leads to increased translation of specific mRNAs,
including Arc and MAP1b, perhaps by making more initiation factors available. In support of
this hypothesis, EF2K knockdown or KO abolishes mGluR-stimulated Arc and MAP1b
synthesis, as well as mGluR-LTD [14,17]. Therefore, Homer forms an important link for
mGluR5 to multiple translational control pathways which may contribute to the rapid and
localized control of translation at synapses.

Concluding Remarks
The study of mGluR-dependent LTD has provided mechanistic insight into how synaptic
activity rapidly activates translation in neurons and in turn, how newly synthesized proteins
alter synaptic function. This basic knowledge, in turn guided fruitful experiments into the
neuronal function of the mental retardation linked gene Fmr1, the neurobiological deficits in
FXS, and the development of novel therapies for the disease [49]. Important questions remain,
such as: How are the various translational control mechanisms coordinated by mGluRs and
how do newly synthesized proteins affect specific synapses? What is role of mGluR- and
translation-dependent LTD in hippocampal-dependent learning or behavioral plasticity?
Because Arc translation is required for mGluR-LTD maintenance, this suggests that mGluR-
LTD would be elicited during Arc-inducing experiences such as novelty, spatial learning or
stress [50–52].

Although Arc is required for LTD in Fmr1 KO mice, the new synthesis of Arc is not, indicating
that a level of regulation is lost in FXS. Does this property contribute to mental retardation and
behavioral alterations observed in FXS? How does plasticity in Fragile X escape the
requirement of new Arc and other protein synthesis? A better mechanistic understanding of
Arc function in neurons, the contribution of other newly synthesized proteins to LTD and how
the processes are altered in FXS is required to answer these critical questions.
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Figure 1. Acute blockade of Arc translation blocks mGluR-induced decreases in surface GluR1
and LTD of synaptic transmission
A1, Representative images of Arc immunofluorescence in dissociated hippocampal neurons.
Antisense oligonucleotides directed against Arc mRNA, or mismatch oligonucleotides were
introduced into 19–21 DIV neurons via a lipid-based delivery system. Neurons were treated
with media (control) or DHPG and fixed 10 min after onset of treatment. A2, Quantification
of the area of the dendritic Arc fluorescence reveal that either one of two unique Arc antisense
oligonucleotides (Arc antisense and Arc antisense 2) block DHPG-induced increases in Arc
protein without affecting basal Arc levels (in control mismatch oligo treated cultures). Data
from 2 cultures per condition. B1, Representative images of surface GluR1 in neurons treated
with antisense or mismatch oligonucleotides 30 min prior to media (control) or DHPG
treatment. One hour after DHPG, neurons were fixed and processed for surface GluR1
immunofluorescence. B2, Quantified group data reveal that DHPG fails to induce long-term
decreases in surface GluR1 in neurons pretreated with either Arc antisense oligonucleotides,
in contrast to neurons treated with mismatch oligonucleotides. Data from 2–3 cultures/
condition. In all images scale bars = 10 μm. C1 Inset: Schematic of recording configuration in
a rat hippocampal slices. Antisense oligo was infused into the postsynaptic CA1 neuron. EPSCs
were evoked by an extracellular stimulating electrode placed in the Schaffer collateral axons
from CA3. Average normalized EPSC amplitudes of CA1 neurons from acute hippocampal
slices recorded with pipettes containing 250 μM Arc antisense or mismatch oligonucleotide.
DHPG (100 μM, 5 min) applied to the bath resulted in LTD of EPSC amplitudes in cells filled
with mismatch oligonucleotide. In contrast, intracellular introduction of Arc antisense
oligonucleotide via patch pipette blocks DHPG-induced LTD. N = 7 for each group. Above
each plot are representative EPSCs from cells filled with Arc antisense oligonucleotide or
mismatch oligonucleotide taken during pre-DHPG baseline (1) or 50 min after LTD induction
(2; as indicated in group plot). Scale bars = 50 pA/10 msec.
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Figure 2. Proposed mechanisms by which newly synthesis proteins mediate persistent decrease in
surface AMPA receptors during mGluR-LTD
Brief activation of mGluR1/5 triggers rapid endocytosis of AMPARs that requires activity of
the Tyr phosphatase STEP and basal levels of Arc. Tyr dephosphorylation of the GluR2 subunit
of the AMPAR is correlated with mGluR-triggered AMPAR endocytosis, suggesting that this
is the relevant phosphatase substrate. MGluRs also rapidly increase translation of Step,
Map1b and Arc mRNA. MAP1B is required for mGluRs to induce long-term decreases in
surface AMPARs perhaps by sequestering the AMPAR binding protein GRIP. New synthesis
of Arc, and perhaps STEP, may maintain mGluR-LTD by causing persistent increases in
AMPAR endocytosis rate.
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Figure 3. Group 1 mGluRs stimulate translation through multiple pathways in neurons
mGluR5 regulates translation initiation through activation of the PI3K, mTOR and ERK
pathways that converge on the initiation factor, eIF4E. mGluRs also stimulate p70S6K which
is thought to generally enhance translation rate through phosphorylation of the S6 ribosomal
subunit and translation of 5′TOP containing mRNAs encoding components of the translation
apparatus, such as EF1a. mGluRs rapidly stimulate PP2A which results in a dephosphorylation
of FMRP and translation of FMRP interacting mRNAs. mGluRs also inhibit elongation
generally through activation of EF2K. The submaximal inhibition of general elongation is
thought to make available initiation factors for translation of specific mRNAs, such as Arc and
Map1b. Interestingly, mGluR5 complexes directly (EF2K and PP2A) or indirectly through
Homer (EF2K and PIKE) with many signaling molecules that regulate translation. Interactions
of mGluR5 with Homer are required for the ability of mGluRs to regulate translation initiation
and perhaps elongation as well.
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