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Common Buffers Suppress
GABAergic Transmission

Craig J. Dietrich and Martin Morad

(see pages 16044 –16052)

Experimentally induced acidification of
neuronal cultures inhibits NMDA receptors
and enhances GABA-mediated IPSCs. The
physiological significance of these effects is
unclear, however, because direct measures
of synaptic pH are unavailable. Dietrich et
al. reasoned that if synaptic pH changes dur-
ing transmission, then clamping the pH by
increasing buffering capacity will alter min-
iature IPSC (mIPSC) shape. When they in-
creased buffer concentration and clamped
pH at 7.4 or 8.0 in rat dentate granule cell
cultures, mIPSC amplitude and total charge
transfer were reduced. In contrast, when pH
was clamped at 6.8, mIPSCs were nearly
identical to those recorded in physiologi-
cal buffer at pH 7.4. Because increasing
buffer strength and raising pH produced
similar effects, physiological buffering
strength appears to allow synaptic pH to
decrease during activity. Inhibiting the
sodium/hydrogen exchanger at pH 7.4
affected mIPSCs in a manner similar to in-
creasing buffering capacity, but had no ef-
fect at pH 6.8, suggesting that the exchanger
contributes to synaptic acidification.

Œ Development/Plasticity/Repair

Redirected Nerves from Amputated
Arm Activate Original Cortical Area

Paul D. Marasco and Todd A. Kuiken

(see pages 16008 –16014)

Targeted muscle reinnervation, in which
nerves that innervated an amputated arm
are retargeted to proximal muscles, can pro-
vide amputees more natural control over
prosthetic arms. After this procedure, a pa-
tient can move the prosthesis using some of
the same neural processes that controlled
his real arm. The activated nerves cause the
newly innervated proximal muscles to con-

tract, and electromyographic activity can be
used to drive complex, multijoint move-
ments of the prosthesis. Developers now
hope to provide sensory feedback from
prostheses, to improve fine motor control
and make using the prostheses feel more
natural. This might be achieved by connect-
ing distal sensors to proximal skin, which
becomes innervated by retargeted nerves.
Patients perceive stimulation of this skin
as stimulation of the amputated hand.
Marasco and Kuiken report that stimula-
tion of skin targeted by redirected nerves in
rats activated the appropriate regions of so-
matosensory cortex, whereas these areas
were silent in animals that underwent am-
putation without nerve redirection.

f Behavioral/Systems/Cognitive

Dorsomedial Prefrontal Cortical
Damage Is Linked to Insomnia

Michael Koenigs, Jessica Holliday,
Jeffrey Solomon, and Jordan Grafman

(see pages 16041–16043)

Wakefulness depends on ascending arousal
pathways that arise from hypothalamus,
basal forebrain, and brainstem and provide
widespread excitatory input to the cortex.
Wake-active basal forebrain neurons inhibit
GABAergic neurons in the preoptic region;
after prolonged wakefulness, however, pre-
optic neurons overcome this inhibition and
induce sleep by inhibiting the arousal sys-
tem. Insomnia, which is characterized by
difficulty in entering and maintaining sleep,
might result from hyperactivity of the
arousal system, inability of preoptic neu-
rons to remain active throughout the sleep
period, or altered inputs to the sleep–wake
system from circadian or other physiologi-
cal systems. To identify brain areas involved
in insomnia, Koenigs et al. examined men
with focal brain lesions who did or did not
have insomnia. Most insomnia sufferers
had damage to the left dorsomedial prefron-
tal cortex, and men with damage to this re-
gion were more likely to have insomnia than
those with other lesions, indicating that this
area could be involved in promoting sleep.

� Neurobiology of Disease

Extrasynaptic NMDA Receptors
Modulate Expression of APP
Isoforms

Karim Bordji, Javier Becerril-Ortega,
Olivier Nicole, and Alain Buisson

(see pages 15927–15942)

Amyloid precursor protein (APP) mRNA
is alternatively spliced to produce differ-
ent isoforms. Isoforms lacking exon 7,
which encodes a Kunitz protease inhibitor
(KPI) domain, are more likely to be cleaved
by �-secretase, thus producing less �-amy-
loid than isoforms containing the KPI do-
main. In healthy CNS, neurons mainly
produce the KPI-lacking isoform, APP695;
but expression of KPI-containing (KPI-
APP) isoforms increases after brain injury
and in Alzheimer’s disease. Bordji et al.
provide evidence that this switch in mRNA
processing can result from activation of ex-
trasynaptic NMDA receptors. In mouse
cortical cultures, activation of NMDA re-
ceptors at synapses decreased total levels of
APP mRNA; activation of extrasynaptic re-
ceptors did not alter total APP mRNA levels,
but increased production of KPI-APP and
secretion of �-amyloid. The latter effects
were blocked by knocking down calcium–
calmodulin-dependent kinase IV, and were
likely mediated by downregulation of two
splice-regulating proteins previously shown
to be active in skipping the KPI-containing
exon during APP mRNA processing.

Areas where brain damage is significantly associated with
insomnia. See the article by Koenigs et al. for details.
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