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H I G H L I G H T S

When we hear someone call our
name, and then turn towards them,
we are relying on the brain’s ability
to calculate the source of a sound,
mainly on the basis of the difference
between the times at which the
sound reached the two ears (the
interaural time difference, or ITD).
However, our traditional model of
how this is achieved might not
apply to mammals — or, at least,
not to the Mongolian gerbil, which
was investigated by Brand et al. in a
recent study.

The existing model for calculat-
ing position from ITDs, which is
supported by studies in birds, uses
an array of neurons that receive
inputs from the two ears along
‘delay lines’ of different lengths. The
neurons fire most strongly when the
two inputs arrive at the same time,
which means that each of these neu-
rons is tuned to a particular ITD.
This simple and elegant system pro-
duces a topographic map of sound
positions.

Brand et al. recorded neuronal
activity in the medial superior olive

(MSO) of the gerbil brain. Neurons
in the MSO are tuned to specific
ITDs and receive inputs from both
ears, but the new findings suggest
that they do not use a simple 
delay-line system to calculate sound
position. Surprisingly, the MSO
neurons fired most strongly at large
ITDs that — because of the small
size of the gerbil’s head — could
never occur naturally. The tuning of
the neurons was arranged so that
the steepest part of the tuning curve
lay over the natural range of ITDs,
so that biologically relevant ITDs
would produce large differences in
firing rate. They also showed differ-
ent ITD tuning depending on their
preferred frequencies — neurons
that responded to high frequencies
fired most strongly at short ITDs,
whereas low-frequency neurons
were tuned to longer ITDs.

It seems that each neuronal 
‘frequency array’ responds to a small
range of ITDs, and that the location
of a sound might be encoded by 
the pattern of activity across the
whole MSO, rather than the place of

The protein that is absent in fragile X
syndrome, FMRP (fragile X mental
retardation protein), might have an
important role in regulating synaptic
plasticity, according to new results. As well
as increasing our understanding of the
disorder, the findings could be a first step
towards identifying potential therapeutic
targets.

Fragile X syndrome is the most common
inherited form of mental retardation, and
results from a repeat-expansion mutation
in the FMR1 gene, which encodes FMRP.
Although there is evidence that FMRP
binds certain messenger RNAs and
regulates their translation into protein, its
exact function remains unclear. Huber et al.
investigated whether mice with a null
mutation in the Fmr1 gene showed any
changes in synaptic plasticity that could
account for the effects of the human
mutation on the brain. Previous work had
shown that the protein-synthesis-
dependent phase of long-term potentiation

in the hippocampus of the knockout mouse
was normal, but Huber et al. decided to
look at another form of hippocampal
plasticity — long-term depression (LTD) —
following the demonstration that LTD also
requires local protein synthesis.
Surprisingly, they found that LTD in the
knockout mice was enhanced, so that a train
of stimulation produced greater depression
of synaptic function than in control mice.

LTD can also be induced by directly
stimulating metabotropic glutamate
receptors using the agonist DHPG 
(3,5-dihydroxyphenylglycine). The knockout
mice also showed stronger LTD in response
to DHPG application than did wild-type
mice. However, a different type of LTD that
is mediated by NMDA (N-methyl-D-
aspartate) receptors rather than by
metabotropic glutamate receptors was
unaffected.

Although the enhancement of LTD in the
knockout mice was unexpected, it is
consistent with other work showing that

FMRP, which is one of the proteins that is
translated following glutamatergic
stimulation at a synapse, can negatively
regulate the translation of some mRNAs. In
the absence of FMRP, other proteins might be
excessively translated after stimulation,
leading to enhanced LTD.

An intriguing hint as to the connection
between FMRP and LTD comes from
evidence that one of the proteins whose
translation is controlled by FMRP is MAP1b,
which regulates synaptic structure and
function. Future investigations will no doubt
focus on the role of MAP1b in LTD.
Although the authors of the paper comment
that their data “point to a rational
pharmaceutical approach for fragile X
syndrome”, many questions are raised by this
study, and the next instalment will be
awaited with interest.

Rachel Jones
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A common mode of action of three structurally
diverse mood-stabilizing drugs has been identified
for the first time. In a paper published in Nature,
two research groups led by Mudge and Harwood
show that lithium, carbamazepine (CBZ) and
valproic acid (VPA) have similar effects on the
dynamic properties of sensory neuron growth
cones. Their findings implicate inositol depletion
in the mechanism of action of these drugs, and
provide clues to the molecular basis of bipolar
affective disorder (manic depression).

Lithium is one of the most effective drugs for
the treatment of bipolar disorder. The inositol-
depletion hypothesis, which hinges on the ability
of lithium to inhibit inositol monophosphatase
and inositol polyphosphatase, has guided research
on the therapeutic actions of this drug for more
than a decade. However, there is evidence to
suggest that lithium might exert its effects by
inhibiting glycogen synthase kinase 3 (GSK3).
Inositol depletion has also been implicated in the
therapeutic actions of VPA, although some
evidence points to histone deacetylase (HDAC) 
as the target of this treatment. The search for the
mechanism of action of mood-stabilizing drugs
has, to some extent, been hampered by a lack of
knowledge of the neurobiology of mood
disorders. Mudge and Harwood reasoned that if
a shared mechanism of action could be identified
for three of the most commonly used mood
stabilizers — lithium, CBZ and VPA — then the
molecular targets that are central to their effects,
and perhaps the underlying abnormality in
bipolar disorder, might be uncovered.

In cultured explants of sensory neurons from
newborn rat dorsal root ganglia, Mudge and
colleagues showed that lithium, CBZ and VPA had
differential effects on the structural features of
sensory neuron axons. However, when cultures
were viewed by time-lapse video microscopy, all
three drugs were found to have a similar effect on
the dynamic behaviour of sensory neuron growth
cones — to reduce their frequency of collapse.
Moreover, growth cones were enlarged after
treatment with each of these drugs, possibly
reflecting the inhibition of growth cone collapse.
These effects were abolished by the addition of
inositol, implicating inositol phosphate signalling
in this common response; by contrast, the shared
actions of these drugs did not seem to depend on
GSK3 or HDAC.

Harwood and colleagues examined the effects
of lithium and VPA on the development of
Dictyostelium. During early development, cells
aggregate by chemotaxis, and this process is
disrupted when inositol-1,4,5-trisphosphate

(Ins(1,4,5)P
3
) signalling is suppressed by lithium.

They showed that inhibition of Dictyostelium
aggregation by VPA also seems to depend on
Ins(1,4,5)P

3
signalling, and that resistance to both

lithium and VPA can be afforded by deletion of
the gene that codes for prolyl oligopeptidase, a
cytoplasmic protein that can cleave short
oligopeptides at prolyl bonds. In view of this
finding, the authors looked for a link between
prolyl oligopeptidase and the shared actions of
the mood-stabilizing drugs on neurons. They
found that two specific inhibitors of prolyl
oligopeptidase could abolish the effects of
lithium, CBZ and VPA on growth cone collapse
and spread area.

Although the physiological function of prolyl
oligopeptidase is unknown, these data indicate
that it might be involved in the regulation of
inositol metabolism in mammalian cells.
Intriguingly, plasma concentrations of the human
homologue of this protein are reported to be
elevated in mania and reduced in depression;
however, whether abnormalities in prolyl
oligopeptidase activity are central to the
pathophysiology of bipolar affective disorder
remains to be seen. We may be some way from
attaining a full description of the neurobiology of
bipolar disorder, but this study provides a clear
focus for future studies of its aetiology and
treatment.

Rebecca Craven
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On an even keel

P S Y C H I AT R I C  D I S O R D E R Smaximal firing in a topographical
map. But Brand et al. also found that
inhibitory inputs, which are not
involved in the traditional model,
were crucial for generating the ITD
sensitivity of the MSO neurons.
When inhibitory transmission was
blocked, the MSO neurons all fired
maximally at an ITD of around 0 µs.
The authors conclude that precisely
timed inhibition is needed to gener-
ate the range of ITD sensitivities
observed in the MSO.

It remains to be seen whether
this mechanism is common to all
mammals, or whether it is specific
to those, like gerbils, that have 
very small heads and therefore
experience very small ITDs. But it
is clear that there is more to sound
localization than meets the eye —
or ear.

Rachel Jones
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