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Surface Mobility of Postsynaptic
AMPARs Tunes Synaptic Transmission
Martin Heine,1* Laurent Groc,1 Renato Frischknecht,4 Jean-Claude Béïque,3 Brahim Lounis,2
Gavin Rumbaugh,3 Richard L. Huganir,3 Laurent Cognet,2 Daniel Choquet1†
AMPA glutamate receptors (AMPARs) mediate fast excitatory synaptic transmission. Upon fast
consecutive synaptic stimulation, transmission can be depressed. Recuperation from fast synaptic
depression has been attributed solely to recovery of transmitter release and/or AMPAR
desensitization. We show that AMPAR lateral diffusion, observed in both intact hippocampi and
cultured neurons, allows fast exchange of desensitized receptors with naïve functional ones within
or near the postsynaptic density. Recovery from depression in the tens of millisecond time range
can be explained in part by this fast receptor exchange. Preventing AMPAR surface movements
through cross-linking, endogenous clustering, or calcium rise all slow recovery from depression.
Physiological regulation of postsynaptic receptor mobility affects the fidelity of synaptic
transmission by shaping the frequency dependence of synaptic responses.

The fidelity of synaptic transmission be-
tween coupled neurons depends on their
ability to transmit activity over a wide

range of frequencies. Because of the relative
slowness of chemical transmission, synaptic
transmission acts as a low-pass filter with a cutoff
between 10 and 100 Hz (1). When a presynaptic
cell is stimulated at repetitive short intervals, the
postsynaptic response usually decreases over
time, the rate of depression being faster as the
stimulus frequency increases (2). Most studies
explain paired-pulse depression (PPD) as a
combination of depression of presynaptic gluta-

mate release and intrinsic kinetic properties of
postsynaptic AMPARs upon agonist binding (2).
Return from depression is believed to arise from
recovery of release, together with AMPAR exit
from desensitization. This assumes that AMPARs
are stable within the postsynaptic density (PSD).
Dynamic imaging has shown that AMPARs are
not static but diffuse rapidly at the surface of
neurons, traveling micrometer distances per sec-
ond by random movements both in the synaptic
and extrasynaptic membranes (3–8). Traffic of
AMPARs from and to synapses through endo/
exocytosis takes place in tens of minutes (9, 10).
However, lateral diffusion allows AMPARs to
explore the synapse in the second range (6, 8, 11),
which suggests that surface AMPAR trafficking
might be implicated in faster processes.

Cross-linking of surface AMPARs decreases
the coefficient of variation and increases PPD.
We measured the variations in the efficacy of
synaptic transmission in response to changes
in AMPAR mobility by specific cross-linking

(X-link) of GluR2-AMPARs with antibodies
against their extracellular N-terminal domains
(4, 11) (fig. S1, A and B). Pairs of monosynap-
tically connected cultured hippocampal neurons
were recorded using dual whole-cell recordings
(Fig. 1A, fig. S1, C and D, and table S1) (12).
Evoked excitatory postsynaptic currents (eEPSCs)
were not affected by X-link (fig. S1, E to G).
The coefficient of variation (CV) of eEPSCs over
time and paired eEPSCs are classically used to
measure synaptic transmission variability (13).
Interestingly, the CVafter X-link was lower than
in control (control, 0.33 ± 0.02; X-link, 0.25 ±
0.02; t test, P < 0.05) (Fig. 1, B and C). Fur-
thermore, paired-pulse eEPSCs at 50-ms intervals
displayed PPD for the majority of the recorded
neuron pairs (24 out of 31) (Fig. 1D). The re-
maining neuron pairs displayed paired-pulse
facilitation. After X-link of GluR2, pairs dis-
played a more pronounced PPD, measured as a
decrease in paired pulse ratio (PPR) (PPR in
control, 0.86 ± 0.02; after X-link, 0.71 ± 0.04; t
test, P < 0.05) (Fig. 1, D and E).

Variations in CVand PPR are usual hallmarks
of presynaptic changes (2, 13). GluR2 X-link
should in contrast lead to changes in postsynaptic
properties. Rapid AMPAR movements inside
synapses (6–8) or between synaptic and extra-
synaptic sites (4, 6, 8, 11), could theoretically
lead to variations in AMPARs’ density at the
postsynaptic side causing variability in eEPSCs,
including in the rate of recovery from PPD,
by regulating the exchange of desensitized
receptors for naïve receptors.

AMPARmobility inside synapses.To measure
the fraction of surface receptors that are mobile
in the extrasynaptic membrane or within a spine
head both in CA1 pyramidal neurons from
hippocampal slices and in cultured hippocam-
pal neurons, we used fluorescence recovery
after photobleaching (FRAP) on AMPAR sub-
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