RESEARCH IN BRIEF

A Mosaic of Tones
The brain filters what we hear. One of the
reasons it is able to do this is because particular groups of neurons react only to specific
sound frequencies. Neurobiologists at the Max
Planck Institute for Biological Cybernetics in
Tübingen used high-resolution functional
magnetic resonance imaging (fMRI) of nonhuman primates to create a frequency map
for 11 exceptionally small auditory fields in
the brain. They did this by identifying neuronal fields that are activated either by single
frequencies (tones) or by combinations of
frequencies. Many of the findings will now
aid in human imaging, which for more than
a decade has had difficulty doing such a
large-scale mapping as was accomplished
here in some of our closest primate relatives.
(PLOS BIOLOGY, JUNE 20, 2006)

The brain area
that primates
use to process
sound resembles
a mosaic of individual fields.
Max Planck researchers have
used functional
magnetic resonance imaging
to describe how
the spectrum
of frequencies
is distributed
over each individual field.
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Whether we are in a factory surrounded by rattling
machines or at a party where loud music and voices compete: when we are conversing with someone, we are still able to filter out the voice of the
person we are talking to from the surrounding cacophony of sound. This is because our brain decides
what is heard; oftentimes, the brain can stabilize a
sound that we are interested in even during disruptions. We still do not fully understand how this
happens, but we think it has something to do with
the mosaics of tone responses that we observe so
prominently on the brain. These responses reflect
how the cochlea, a hearing organ within the inner
ear, is stimulated, much the same way that visual
areas in the brain can show a topography of how
the retina is stimulated. For the cochlea, this means
that different frequencies activate certain groups
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of neurons in the auditory cortex in the brain. It is
presumed that the brain is thus able to interpret
the structure in the sounds it hears. This seems like
an important first step in how sounds are identified and separated from others.
Until now, the main way of finding out in detail
which areas of the brain were responsive to certain frequencies was through electrophysiological
studies in animals. Now researchers have non-invasively scanned the brains of primates using
high-resolution functional imaging, in the same
way that people are often scanned. “Such scans
were not previously possible, making comparisons
to human imaging very difficult. Now we have
closed that gap,” explains Christopher Petkov,
who headed the research at the Max Planck institute in Tübingen. Since the brain structure of primates is generally similar, many of the findings
could hold for humans.
The researchers created what is known as a frequency map of the primates’ auditory cortex and
were thus able to identify where certain frequencies are processed in given areas of the auditory
cortex. The auditory cortex is divided into individual neighboring fields, four of which the Max
Planck scientists were able to map for the first
time. A total of 11 fields are now known that are
arranged like a mosaic on the surface of the brain.
This mosaic is organized in a periodic pattern:
every field has a region that responds best to specific sound frequencies. In certain neighboring
fields, the response to a frequency is the exact
opposite, like a mirror image, so that there is a
rise and fall of tone responses throughout the auditory cortex. “The different fields almost certainly have different tasks,” says Christopher Petkov,
“but we are only beginning to understand what
those differences are.” They likely have much to
do with how sounds are identified and heard in
our typically noisy listening environments.
The neurophysiologists in Tübingen also divided
the fields into two groups. Three of these fields,
which together form a sort of core or center of the
auditory cortex, react to simple sounds like tones
with single frequencies. The other eight, including
the four newly described ones, respond better to
sounds that are a mixture of different frequencies. These fields encircle the three core fields like
a belt and clearly prefer more complex sounds.
Thanks to this research and the new frequency
maps, the Max Planck researchers think further
advances will soon be made in human imaging.
These maps can also be used to evaluate how well
they represent sound frequencies in noisy environments, or as a tool to evaluate hearing loss in
individuals, or how resistant their auditory cortex
is to environmental noise.
●
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Tracking Down a Gene for Depression
analyzed genes from 1,000 patients with unipolar depression, as well as those of a control group
of approximately the same size. The scientists’
study revealed that about 30 percent of patients
suffering from depression exhibited a certain
variant in the P2RX7 gene, in which a single
building block – a nucleotide – is altered. The risk
of developing unipolar depression increases by
40 percent if the heterozygotic genotype of this
variant is present – that is, when the gene sequences inherited from the maternal and paternal sides differ.
Canadian scientists at the CHUL Research Center and the Université Laval in Quebec had previously already genetically analyzed 213 patients
with bipolar depression and likewise discovered a
connection to the P2RX7 gene variant.
“The identified link between the P2RX7 nucleotide variant and unipolar depression and
bipolar depression indicates that different psychiatric illnesses have common genetic causes,” explains Bertram Müller-Myhsok, a researcher at the
Max Planck Institute of Psychiatry.
The causes of depression are still largely unknown.
The P2RX7 gene carries the construction manIn addition to such triggers as psychosocial stress,
ual for a protein in the cell membrane of neupersonal disposition plays a major role. In cases of
rons that are located in various regions of the
bipolar depression, it is assumed that 83 to 93
brain: calcium ion channels that stretch across
percent of cases are hereditary. In the case of
the cell membrane. The discovered nucleotide
unipolar depression, the corresponding figures are
variant of P2RX7 modifies the intracellular part
between 34 and 75 percent.
of the receptor, which most likely influences its
Florian Holsboer, Director at the Max Planck
ability to interact with other molecules involved
Institute of Psychiatry in Munich, and his team
in signal transmission in
the brain.
P2RX7 offers an ideal
point of attack for future
anti-depressives since, as a
receptor that is located in
the membrane, it yields direct access for molecules.
Thus, “The possibility to be
able to correct genetically
caused neuron dysfunctions
by administering drugs is a
new beginning in treating
depressive disorders,” says
Max Planck Director Florian Holsboer. “Thanks to
the human genetic findings, we have discovered a
completely novel mechanism of action for the next
generation of anti-depressives.” Above all, the medical expert hopes that their
clinical efficacy will be
Sunk in despair: Depression is one of the most common
much faster than that of
endemic diseases. The recently discovered variant of
the P2RX7 gene paves the way for new drug therapies. currently available drugs. ●
Individuals who suffer from depression
repeatedly experience phases of sadness and
melancholy. For patients with unipolar
depression, emotional lows alternate with
more balanced periods. Bipolar depression
patients additionally experience phases of
mania or even hypomania with drastically
elevated levels of excitement, which can also
include megalomania and extravagance.
Although it has long been known that both
forms of depression are hereditary, a common
genetic basis had always been ruled out.
Now, scientists at the Munich-based Max
Planck Institute of Psychiatry, together with
Canadian colleagues, have now found a link
between a specific variant of the P2RX7
gene and the two different depression forms,
paving the way for completely new research
and treatment methods. (HUMAN MOLECULAR
GENETICS, ADVANCE ONLINE PUBLICATION, JULY 5,
2006)
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