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Putting tubby on the MAP

Seth G.N. Grant
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The identification of a modifier of the tubby mutation, associated with deafness, neuronal degeneration and obesity, offers new
insights into the molecular mechanisms of sound perception and its disorders.

One of the most beautiful structures in
biology is the mammalian cochlea. Its
neatly organized rows of hair cells,
crowned by stereocilia, are poised to
respond to sound vibrations ranging from
20 to 100,000 Hz, converting them into
patterns of action potentials—the lan-
guage of the brain—by releasing neuro-
transmitters onto waiting neurons of the
cochlear nerve. The extraordinary ability
to translate sound into perception
requires complex specializations within
hair cells and a multitude of mechanisms
that can—and do—go wrong. Defects in
this process have given mouse and human
geneticists a rich vein to mine in the quest
to understand hearing and deafness!. On
page 401 of this issue, Akihiro Tkeda and
colleagues® show us a fresh view of the
molecular mechanisms of hearing using a
powerful combination of QTL (quantita-
tive trait locus) and transgenic strategies.

A mutant called tubby

Among the large number of mutations
resulting in deafness, there is a spontaneous
mutation in B6 mice that also results in reti-
nal degeneration and obesity, hence the
name tubby. Positional cloning of the tub
gene>*, followed by gene targeting>, indi-
cated that loss of Tub protein results in deaf-
ness associated with degeneration of the
hair cells and neurons of the cochlear nerve.
But the biochemical and cellular role of Tub
has remained quite mysterious.

Using a simple hearing test, Ikeda et al.”
previously showed that a single modifier
allele known as mothl on chromosome 2
from AKR/J and other mouse strains could
protect B6-tub/tub mice from deafness. By
extending the strategy, they now show that
the modifier gene resides in a region of
0.17 <M on chromosome 2, which contains
a half dozen or so candidate genes within
about 350 kb. Comparison of several
c¢DNA sequences between B6 and AKR/]
mice revealed 11 sequence variations,
some of which could change protein struc-
ture, all within the gene (Mtapla) encod-
ing microtubule-associated protein 1a. The
authors confirmed that Mrapla is indeed
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mothl by rescuing the B6-tub/tub hearing
loss with a Mtapla transgene.

So, what does Mtapla do, and how is it
involved in the loss of hearing, hair cells and
cochlear nerves? Mtapla encodes a member
of the microtubule-associated protein fam-
ily, prominent components of nerve den-
drites. The report by Ikeda et al.? provides
the first evidence that Mtap1a is involved in

inner hair
cell

neurodegeneration; notably, the function of
another microtubule-associated protein,
Tau, is central to Alzheimer diseased. The
roles of Mtapla and Tau in neurodegenera-
tion may be related to their functions in sta-
bilizing the neuronal cytoskeleton, as others
have suggested for Tau, or, alternatively, in
regulating synaptic signaling, as the obser-
vations of Tkeda et al.? suggest.
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Structure of the cochlea and cochlear hair cell synapse. a, Rows of hair cells, capped by stereocilia, are lined
up on the basilar membrane of the cochlea. b, The hair cell releases neurotransmitter onto the cochlear
nerve, activating the N-methyl-p-aspartate subtype of the glutamate receptor (NMDAR). NMDAR is part of
a multiprotein complex containing PSD-95, Mtap1a, microtubule and possibly the Tub protein.
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Mtapla binds post-synaptic density 95
(PSD-95)°, a protein that controls
synaptic plasticity and signaling!?, which
in turn binds the N-methyl-D-aspartate
subtype of the glutamate receptor
(NMDAR; see figure). In response to
high levels of glutamate, NMDAR and
PSD-95 mediate the death of neurons
through signaling pathways that involve
nitric oxide!!l. As NMDAR is also found
at cochlear hair cell synapses!?, it is pos-
sible that excessive glutamate release by
hair cells in response to, for example,
extremely loud noise, might induce the
death of cochlear nerves through similar
mechanisms. Much has yet to be under-
stood about the detailed mechanisms of
Tub, Mtapla and PSD-95 signaling, but
the study of Ikeda? et al., perhaps com-
bined with the tools of the auditory
geneticists, may lead to new connections
between Alzheimer disease, neuropathy
and deafness.

Sound and sensation

Does this elegant study of tubby genetics
tell us anything new about normal hear-
ing? In 1928, Edgar Adrian published
‘The basis of sensation: the action of the
sense organs’ (W.W. Norton, New York,
1928), in which he described how infor-
mation is coded in frequency and pat-
terns of action potentials. Understanding
how the nervous system handles coded
information at the molecular level is a
fundamental question in psychology. It is
intriguing that the multiprotein NMDAR
complex, containing PSD-95 and several
other signaling proteins'3, is involved in
processing signals represented in fre-
quency-related action potentials at cen-
tral synapses in the hippocampus’.
Perhaps the same types of synaptic mech-
anisms have been co-opted by hair
cell-cochlear neuron synapses, which are
also highly specialized for representing
sound in frequency of action potentials. It

is unknown if PSD-95 has a role in encod-
ing sound information, or whether the
interactions between Mtapla and Tub are
involved in a signaling complex, but the
study by Ikeda et al.? suggests that these
are questions well worth looking into.
Fortunately, the auditory system provides
an ideal, localized setting in which the
molecular mechanism of coded informa-
tion processing can be investigated. O
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Bringing order to organogenesis
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A model for direct regulation of an entire genetic network by an organ-identity gene has been proposed. The relative affini-
ties of the organ-identity transcription factor for different target sites control the timing of expression of downstream genes

during development.

Organs execute complex and specialized
functions of adult body parts. They are
typically composed of many different cell
types that are spatially and functionally
organized into a unit. How are such spe-
cialized structures initiated and built dur-
ing embryonic development? No matter
how complex and diverse the processes of
morphogenetic pattern formation that
underlie the construction of body parts,
the initial event is always the same: the
specification of the part of the developing
organism where organogenesis will begin.
In mechanistic terms, the process of
building organs has a prerequisite step,
which sets up spatially defined regulatory
domains that promote the differentiation
programs. This is a commonplace mecha-
nism that enables the recognition and def-
inition of regulatory fields as discrete
territories of specific gene activities.
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The first domino
The genes that control the formation and
identity of the various fields were first
defined as selector genes!. A special class of
selector genes are those field-specific genes
that have the unique property of directing
the formation of complex, specialized
structures such as organs. These genes are
usually necessary and often sufficient to
establish organ identity. There are several
examples of such organ-identity genes,
including Pax6/eyeless?, which is required
for eye formation in Drosophila imaginal
discs. Another is Pitl, which, together with
Gata2, controls pituitary differentiation’.
An important question arises: how do
organ-identity genes execute their func-
tion? Do they activate only a few transcrip-
tional regulators at the top of the hierarchy
that in turn initiate a differentiation gene
battery, or do they directly activate several

genes that act at several stages throughout
genetic regulatory networks?

A clue comes from a frequently
observed developmental feature: organ-
identity genes often act both early and late
in the process of organogenesis. The same
transcriptional regulators that are neces-
sary for the initial specification of a certain
organ are also required for the transcrip-
tion of structural genes involved in termi-
nal differentiation. But this raises the
interesting question as to the mechanisms
that allow a differentiation gene battery to
be activated only at the end of the process
of specification when the genes that regu-
late them are expressed and active earlier.

The only direct way to tackle this ques-
tion is to dissect the gene regulatory net-
work* that operates downstream of such
organ-identity genes. In experimental
terms, one must find both early and late tar-
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