
 

Built-in amps: How subtle head motions,
quiet sounds are reported to the brain

February 9 2010

Subtle head motions are amplified by inner-ear hair cells before the
signal is reported to the brain, report Marine Biological Laboratory
scientists and colleagues. In both the auditory and the vestibular systems,
hair cell response is nonlinear: the lower the strength of the stimulus, the
more the hair cell amplifies the signal. 

The phrase "perk up your ears" made more sense last year after scientists
discovered how the quietest sounds are amplified in the cochlea before
being transmitted to the brain.

When a sound is barely audible, extremely sensitive inner-ear "hair
cells"—which are neurons equipped with tiny, sensory hairs on their
surface—pump up the sound by their very motion and mechanically
amplify it. Richard Rabbitt of the University of Utah, a faculty member
in the MBL's Biology of the Inner Ear course, reported last spring on the
magnification powers of the hair cell's hairs.

Now, Rabbitt and MBL senior scientist Stephen Highstein have evidence
that hair cells perform similarly in another context—in the vestibular
system, which sends information about balance and spatial orientation to
the brain.

"The bottom line is we have 'accelerometers' in the head that report on
the direction of gravity and the motion of the head to the brain," says
Highstein. "What we found is they respond with a greater magnitude
than expected for very small motions of the head. This brought to mind a
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similar amplification of very small signals by the human inner-ear
cochlea. And, in fact, the vestibular system and the cochlea have a
sensory element in common: the hair cells." Rabbitt and Highstein found
that, in both the auditory and the vestibular systems, the hair cell
response exhibits "compressional nonlinearity": The lower the strength
of the stimulus, the more the hair cells "tune themselves up to amplify
the stimulus," Highstein says.

The toadfish was used for this study. "What's interesting is the boney
fishes evolved some 3 to 4 million years ago; subsequently this feature of
its hair cells was apparently co-opted by the mammalian cochlea.
Evolution conserved this feature, and the mammal later used it to
improve hearing sensitivity," Highstein says.

Highstein, who also teaches in the Biology of the Inner Ear course,
joined the MBL resident staff last year, after being an MBL visiting
investigator for 35 years. He was formerly a professor of otolaryngology
at Washington University School of Medicine in St. Louis. Highstein's
research focuses on the vestibular system, in particular, "how the end
organ constructs signals that go to the brain to report on the character
and magnitude of head motion." In essence, he says, "How does the
inner ear do its job?" 

  More information: Rabbitt, R.D., Boyle, B., and Highstein, S.M.
(2010) Mechanical amplification by hair cells in the semicircular canals.
PNAS Early Edition: Feb. 1-5 (doi/10.1073/pnas0906765107).
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