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(�4)3(�2)2 Acetylcholine Receptors
Have Three Agonist Binding Sites

Kasper Harpsøe, Philip K. Ahring,
Jeppe K. Christensen, Marianne L.
Jensen, Dan Peters, et al.

(see pages 10759 –10766)

Nicotinic acetylcholine receptors are a hetero-
geneous group of pentameric ligand-gated
ion channels constructed from different
combinations of subunits. �4�2 receptors
predominate in the brain, and neurons
expressing these subunits respond to acetyl-
choline with a biphasic dose–response
curve. This biphasic response is thought to
result from expression of more sensitive
(�4)2(�2)3 receptors—composed of two
�4 and three �2 subunits—as well as less
sensitive (�4)3(�2)2 receptors. But Harpsøe
et al. found that increasing the formation of
(�4)3(�2)2 receptors by expressing the �4
subunit at levels far in excess of �2 subunits
yielded similar biphasic response curves,
suggesting that the biphasic response is an
inherent property of (�4)3(�2)2 receptors.
They present evidence that the low-sensi-
tivity component of the response results
from the presence of an agonist binding site
at the interface between adjacent �4 sub-
units (in addition to sites at the two �4–�2
interfaces) that must be occupied to achieve
full activation of the receptor.

Œ Development/Plasticity/Repair

Electrical and GABAergic Synapses
Develop Together in FS Cells

Susanne Pangratz-Fuehrer and Shaul
Hestrin

(see pages 10767–10775)

Fast-spiking (FS) interneurons that express
the calcium-binding protein parvalbumin
(PV) are a major class of cortical interneu-
rons and are thought to play important roles
in generating synchronous oscillations in
pyramidal cells, and thus in controlling
spike timing and/or enhancing signal trans-

mission. Most neocortical FS interneurons
in mice are generated embryonically, and
many are present in the cortex at birth. They
become interconnected by electrical and
GABAergic synapses, but the temporal se-
quence of synaptogenesis has not been
detailed. By recording from pairs of PV-
expressing neurons in slices from postnatal
mouse visual cortex, Pangratz-Fuehrer and
Hestrin found that electrical and GABAer-
gic synapses form in parallel, starting at
postnatal day 5. The connection probability
and the amplitudes of coupling conduc-
tance and IPSPs increased over the subse-
quent 2 weeks. These data argue against the
hypotheses that electrical synapses organize
cortical circuits before chemical synapto-
genesis and that networks of FS cells under-
lie coordinated activity in perinatal cortex.

f Behavioral/Systems/Cognitive

Adenosine A1 Receptor Activation
Induces Torpor

Tulasi R. Jinka, Øivind Tøien, and Kelly
L. Drew

(see pages 10752–10758)

To survive despite diminished food supplies
during winter, many mammals enter tor-
por, in which physical, neural, and meta-
bolic activity, temperature, and protein
synthesis are greatly reduced. Arctic ground
squirrels exhibit body temperatures as low
as �2.9°C and metabolic rates as low as 1%
of basal rate during torpor. The physiologi-
cal mechanisms responsible for initiating
torpor are poorly understood, but are
thought to involve interactions between
neural systems regulating endogenous tim-

ing, metabolism, and homeostasis. In many
ways, torpor resembles sleep, from which it
is hypothesized to have evolved. Therefore,
adenosine, which triggers sleep onset and
inhibits synaptic activity and metabolism, is
a good candidate for regulating torpor.
Jinka et al. report that activation of adeno-
sine A1 receptors (A1ARs) is necessary and
sufficient to induce torpor in arctic ground
squirrels in winter. Interestingly, A1AR acti-
vation did not induce torpor in the summer,
indicating that a higher order of regulation
controls the ability of adenosine to induce
torpor.

� Neurobiology of Disease

GAD1 Mutation Affects KCC2
Expression

Thomas M. Hyde, Barbara K. Lipska,
Towhid Ali, Shiny V. Mathew, Amanda
J. Law, et al.

(see pages 11088 –11095)

Schizophrenia is a complex neurodevelop-
mental disease involving structural abnor-
malities in several brain areas and affecting
multiple neurotransmitter systems, includ-
ing GABA. One genetic polymorphism
linked to schizophrenia occurs in the pro-
moter of GAD1, the gene encoding the
GABA-synthesizing enzyme glutamic acid
decarboxylase. During fetal development,
GAD25 is the primary GAD1 transcript, but
as development proceeds, an alternatively
spliced form, GAD67, becomes dominant,
resulting in increased GABA synthesis. This
developmental switch parallels that in the
relative expression of the potassium–chlo-
ride exchangers NKCC1 and KCC2, and the
resulting switch in GABA response from de-
polarizing to hyperpolarizing. Hyde et al.
report that GAD1 mutations can affect ex-
pression of KCC2. KCC2 mRNA levels were
lower in hippocampus of schizophrenic pa-
tients compared to controls, and patients
with the schizophrenia-linked GAD1 allele
had lower KCC2 levels—as well as higher
levels of GAD25 mRNA—than other pa-
tients. Thus, the allele was associated with a
higher NKCC1:KCC2 ratio and a higher
GAD25:GAD67 ratio.

Tracings of PV-expressing interneurons at postnatal days 4
(left) and 16 (right). Somata and dendrites are shown in
black, axons in red. See the article by Pangratz-Fuehrer and
Hestrin for details.
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