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Mechanical stimuli of sounds are transduced to electrical signals by a sensory epithelial layer in the cochlea of the
inner ear.  These signals are then transmitted to the brain. In this study, we will focus highly sensitive and tuned
response of the cochlea to sound-induced nano-scale vibrations and investigate the underlying mechanisms and
their pathological significance by biophysical approaches. Furthermore, on the basis of the results we will
develop a next-generation device to assist hearing for patients with deafness. This project is conducted by an
intimate collaboration among three groups as follows. Choi group will construct a three-dimensional imaging
tomography that visualizes and pursues the nano-scale vibrations accurately and quantitatively in biological
samples in real time. Using this tomography Hibino group will measure the movement of the epithelial layer in
living animals, and they elucidate the processes establishing the dynamics by analyzing the experimental data with
computer simulation. In accordance with these observations, Kawano group will create an artificial sensory layer,

the device that would be able to support the hearing in humans.

@Development of a tomography that measures vibrations of biological tissues (Choi group)

The sensory epithelial layer consists of multiple cell types. To precisely detect three-dimensional vibrations of
each cell, in this year Dr. Choi constructed the basis of an imaging apparatus called “MS en-face OCT”. This
OCT could scan the image up to 1 mm in depth with a temporal resolution of ~2 um as well as measure the

nano-scale vibration amplitude in a biological sample.

®In vivo measurement of the sensory epithelial layer in the cochlea (Hibino group)
The milestone of this year in Hibino’s project was to establish in vivo measurement set-up using MS en-face OCT

and visualize nano-scale vibrations of the sensory epithelial layer under different conditions. When examining the
epithelial layer in living animals by the OCT, we encountered two major problems; (A) low reflection rate of the
sample and (B) vibrations and electrical noises unique to in vivo preparation. The solutions were as follows. For
the issue (A), we replaced the light source of the OCT with a high-power one. For the issue of (B), first, we
equipped the OCT system with a high-speed camera. Second, to regulate the aforementioned noises, we not only
modified the procedure for maintenance of anesthetized animals but also improved the skill to prepare the sensory
epithelial layer for the in vivo measurement. We therefore constructed by ourselves a classical laser interferometer
to measure the vibration on a single point and using this tool we experienced the measurement of the sensory
epithelial layer. In the experiments, we succeeded in detecting the vibration amplitude with a lower limit of 0.2
nm. These endeavors let us carry out in vivo measurements more stably and precisely over time. In the process
of development of the interferometer, we obtained an additional technique for pursuing a parameter that has been

inaccessible to the commonly used laser vibrometry.

@Fabrication of a prototype of the artificial sensory epithelial layer (Kawano group)

Kawano group had already developed an artificial sensory epithelial layer that transduces the acoustic vibrations to
electrical signals. In this year, they constructed a prototype for a machinery to enhance the vibration of the device
and its electrical output. They further modified the prototype to actively control the artificial layer as well as

created a model of a biological battery to improve the performance of the device.
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