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Stretch Can Activate NMDA
Receptors without Glutamate

Sophie Belin, Bruce A. Maki,
James Catlin, Benjamin A. Rein, and
Gabriela K. Popescu

(see pages 5672–5680)

NMDA receptors (NMDARs) are uniquely
suited to mediate activity-dependent synap-
tic activity because their activation requires
both ligand (glutamate) binding and
membrane depolarization (to remove the
magnesium block). In addition, NMDAR
activation requires binding of a coagonist:
either glycine or D-serine. Intriguingly, acti-
vation of NMDARs is enhanced by me-
chanical stimuli that induce membrane
stretch. Moreover, shear stress can activate
astrocytic NMDARs even in the absence
of glutamate. Belin et al. have investigated
the properties of mechanically evoked
NMDAR currents.

The authors primarily studied NMDAR
currents in HEK cells expressing NMDAR
subunits. In the presence of glycine, applying
negative (but not positive) pressure through
a patch electrode significantly increased the
open probability of channels composed of
GluN1 and GluN2A subunits. This effect
was occluded by saturating concentrations
of glutamate and was absent when subunits
lacking the intracellular C-terminal domain
were expressed. The increase in NMDAR
open probability produced by the largest
negative pressure tested—which was within
the range of pressures required to activate
dedicated mechanoreceptors—was;20% of
the increase induced by saturating concen-
trations of glutamate and similar to what
might be induced by glutamate levels at
extrasynaptic sites. Notably, pressure-acti-
vated currents were similar to glutamate-
evoked currents in their unitary sodium
conductance, requirement for glycine as a
coagonist, and sensitivity to voltage-depend-
ent magnesium block. Importantly, although
negative pressure increased the open proba-
bility of NMDARs in cultured hippocampal
neurons in the presence of NMDA, it did
not increase open probability in the absence
of agonist.

These results confirm that cellular
NMDARs can be activated by membrane

deformation in the absence of glutamate,
but they suggest that this does not occur in
neurons. It should be noted, however, that
the effects of pressure varied substantially
across cells, so it is possible that the effects
of membrane stretch can be modulated, for
example, by regulating interactions between
NMDARs and the actin cytoskeleton. In
any case, the results suggest that stretching
of neuronal membrane—which may hap-
pen during neurite and spine growth and in
conjunction with traumatic brain injury—
can enhance glutamate-induced NMDAR
activation and might therefore contribute
to synaptic plasticity and excitotoxicity.

GABA Receptor d Subunit
Enables Extinction

Han-Qing Pan, Xiao-Xuan Liu, Ye He,
Jin Zhou, Cai-Zhi Liao, et al.

(see pages 5755–5770)

Acting defensively when no threat is present
can waste energy and limit opportunities for
reward. Therefore, animals suppress learned
fear responses when a stimulus that previ-
ously predicted harm occurs repeatedly
without ill effect. This suppression, called
extinction, depends on activation of neurons
that project from the infralimbic region of
the ventromedial prefrontal cortex to the
amygdala. During fear conditioning, the
excitability of infralimbic neurons decreases,
but during subsequent extinction training,
excitability increases and excitatory inputs

to the neurons are potentiated. This leads
to increased spiking. Inhibiting infralimbic
neurons by activating GABA receptors
(GABARs) prevents extinction learning
and expression. Therefore, Pan et al.
asked whether downregulation of spe-
cific GABAR subtypes contributes to
extinction learning and/or expression.

After fear conditioning and extinction
training, mice were divided into two
groups based on how well they retained
extinction memories (i.e., continued to
suppress conditioned freezing responses)
over time. Comparing prefrontal cortical
levels of mRNA encoding 11 GABAR subu-
nits revealed that only Gabrd, which enco-
des the d subunit, differed between groups.
Contrary to expectations, however, Gabrd
was more abundant in the extinction-reten-
tion group than in the extinction-failure
group. Consistent with this, a GABAR-d
agonist induced stronger tonic currents in
the infralimbic cortex of mice that success-
fully extinguished fear than in those that
did not.

The importance of GABAR-d for ex-
tinction learning was demonstrated by
knocking down GABAR-d in the infralim-
bic cortex. This reduced tonic inhibition
and increased freezing during extinction
training and testing. Conversely reintroduc-
ing GABAR-d in the infralimbic cortex of
GABAR-d knock-out mice rescued extinc-
tion learning. Further studies indicated
that loss of tonic inhibition by GABAR-d
increased the baseline activity and intrinsic
excitability of pyramidal cells in layer
V of infralimbic cortex, and this occluded
increases in excitability and activity that nor-
mally occurred during extinction training.
In contrast, extinction-induced increases in
miniature EPSC frequency and decreases in
paired-pulse ratio were not affected by loss
of GABAR-d .

These results suggest that GABAR-d
restrains the activity of pyramidal cells in
layer V of infralimbic cortex, allowing ac-
tivity to increase when fear responses need
to be suppressed. Future work should
determine whether GABAR-d expression
increases during fear conditioning, how
this regulation is achieved, and how it is
countered to increase neuronal activity
during extinction training.
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Across mice, the amount of extinction retention is proportional
to the current evoked in infralimbic cortical pyramidal cells by a
GABAR-d agonist. GABAR-d current and expression level are
higher in mice that retained extinction memory (blue) than in
those that did not (red). See Pan et al. for details.
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