
ties6. Receptors containing a6 and d subunits
are only present outside synapses, whereas
receptors comprising the g2 subunit are
concentrated inside synapses7. As a result,
the extrasynaptic receptors have higher
sensitivity (affinity) for GABA, and are not
desensitized by the prolonged presence of
this neurotransmitter. This makes them
ideal for mediating tonic inhibition. So, to
determine the importance of tonic inhibi-
tion in controlling neuronal excitability,
Brickley et al.4 used mice that had been engi-
neered to lack the a6 subunit8.

The authors could not detect any
GABAA-receptor-mediated tonic inhibition
in brain slices from the genetically altered
mice, an observation that fits well with
the known role of the a6-containing extra-
synaptic receptors in generating tonic
inhibition. In control animals, drugs that
block the GABAA receptors have a significant
effect on the amount of excitation required
to bring a granule cell to its firing threshold.
These drugs had no such effect in the
a6-deficient animals4. As it is only the tonic
form of GABAA-receptor-mediated inhibi-
tion that is missing in these mice, this lack of
an effect shows that this type of inhibition
controls the excitability of granule neurons.

But if extrasynaptic GABAA receptors
were truly important, one might expect that
deleting them would result in severe
alterations in excitability within the neu-
ronal circuits of the cerebellum. This brain
region is important in coordinating move-
ments, so specific defects in the behaviour of
a6-deficient mice would be predicted. But
these mice do not show any measurable

behavioural problems8. Had the story ended
here, sceptics might have mused that tonic
inhibition is not named background inhibi-
tion for nothing. Fortunately, Brickley et al.

avoided this hasty conclusion, and go on to
provide a surprising solution to the puzzle.

The authors show that the amount of
excitation needed for granule cells to emit an
action potential when the GABAA receptors
are not blocked by drugs is similar in control
and a6-deficient mice. They argue — on
the basis of their electrophysiological and
molecular data — that a compensation
mechanism is at work in mice lacking
the a6 subunit (Fig. 1). They suggest that this
mechanism involves the increased expres-
sion of a continuously active type of potassi-
um channel. Their results point to the
so-called TASK-1 channels9, which also
inhibit cellular excitability in a continuous
(tonic) manner.

These data are the best evidence yet that
the extrasynaptic GABAA receptors regulate
neuronal excitability. Given that biology
tends not to fix things that are not important,
the fact that neurons found a way to compen-
sate precisely for the loss of extrasynaptic
GABAA receptors suggests just how signifi-
cant the receptors are. Although Brickley
et al. did their experiments in brain slices in
vitro, compensation by the TASK-1 channels
took place in the intact brain — a strong
indication that tonic inhibition also
existed in vivo. But the level of expression of
many other GABAA-receptor subunits
(as well as that of the TASK-1 channels)
is also altered in the a6-deficient mice10.

news and views

Similar to how light fibres
transformed optics, physicists
hope guided atom beams will
revolutionize atom optics. Two
groups have developed an
atomic analogue of a beam
splitter, which until now has
only been used to separate
atoms moving in free space. By
guiding atoms along a surface,
greater control has been
achieved by D. Cassettari et al.
(Phys. Rev. Lett. 85,
5483–5487; 2000) and D.
Müller et al. (http://xxx.lanl.gov/
abs/physics/0003091).

Modern atom
interferometers use beam
splitters to split up matter
waves and recombine them to
produce sensitive interference
patterns, used in precision
measurements of gravity and
the rotation of the Earth. But
such free-space beam splitters
can only separate beams by
small angles thus limiting the
scope of the experiments.

In their study, Cassettari et
al. guided cold lithium atoms
along a Y-shaped current-
carrying wire patterned on the
surface of a semiconductor
chip. Fluorescence images
taken of the wire show the
beam splitter in action (see
above). When current was
passed through only one of the
output wires, the atoms take
the left or right fork (left two
images). By varying the current
in each arm, the splitting
fraction of the atoms can be
changed continuously (50:50 in
right images). The angle
between the two beams is 157.

In similar work, Müller
et al. split a beam of cold
rubidium atoms along two
current-carrying wires on a
glass substrate. Neither of
these studies split a coherent
matter wave — in which all
the atoms are in step with one
another. This has been shown
for atoms in free space, but
needs to be done with
guided atoms if they are to
be used in precision atom
interferometers. One 
solution might be to use a
coherent atom source, such
as a Bose–Einstein
condensate. Sarah Tomlin

Atom optics

A matter of choice

Figure 1 Background and synaptic inhibition of neuronal firing. The excitability of cerebellar granule
neurons is regulated by inhibition, which is generated by the opening of certain ion channels. This
increases the membrane’s electrical ‘leakiness’ (conductance), making the cells less responsive to
excitatory inputs. Inhibition can result from the binding of the neurotransmitter GABA to its
receptors, and/or from the opening of potassium channels. Centre, in control mice and those that
lack the a6 subunit of the GABAA receptor, the release of GABA from synapses opens intrasynaptic,
g2-subunit-containing GABAA receptors, generating a quickly rising, quickly decaying (phasic)
inhibitory conductance. Left, in control mice, GABA diffusing away from several synapses activates
extrasynaptic GABAA receptors in an asynchronous manner, generating noisy, tonic inhibition. This
is akin to music from several concert halls being picked up by a microphone outside the halls. Right,
in a6-deficient mice the extrasynaptic GABAA receptors containing the a6 and d subunits are
missing. But, as shown by Brickley et al.4, tonic inhibition is restored because the granule cells
increase their expression of TASK-1 potassium channels.
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