Outline of Lecture 56 (03-24 A; Fuchs)

Hair Cells

I.  Introduction to hearing


- Sound is a pressure wave, and pure tones can be characterized by amplitude (measured indirectly as dB) and frequency


- Dynamic range of hearing in humans is about 0-100 dB (whisper to pain) and 20-20,000 Hz


- Types of damage to ear



- Chronic severely loud sound exposure kills hair cells



- Ototoxic antibiotics, e.g. streptomycin or gentamicin, kills hair cells



- Hearing loss of high frequencies with age, aka presbycusis

I.  Anatomy of the ear


A) Outer ear



- Pinna: funnels and amplifies sound, sound shadows provide resolution of sound origin



- External auditory canal: acts as resonant tube for 4 kHz tones


B) Middle ear



- Impedance matching of air to water sound transmission by two mechanisms




(1) Lever advantage of ossicles (malleus, incus, stapes) 




(2) Oval window of stapes is smaller than eardrum


- Middle ear muscles (tensor tympani, stapedius): restrict ossicle movement in response to loud sound to prevent damage



- Damage in the middle ear is called “conductive”


C) Inner ear (more on cochlea below)



- Damage in the inner ear is called “sensorineural”

III.  The Cochlea


- Memorize cochlear structure (e.g. figure on p. 5)


- Stereocilia of hair cells are arranged in rows of increasing height and are embedded in the tectorial membrane; shear of basilar membrane WRT tectorial membrane causes displacement of hair bundle


- Tip links join nonselective cation channels on one stereocilium to the next tallest one ( tilting of the stereocilia causes channel to open or close ( open channel allows K, the primary cation of endolymph to travel down steep electrical gradient into hair cell and depolarize it ( if depolarized, hair cell opens voltage gated Ca channels, allows Ca in, and releases Glu onto the nerve ending (see also p. 9)


- Hair cell adaptation may occur through two suggested negative feedback mechanisms



(1) end of tip link is attached to myosin-like motor on stereocilia, movement up or down changes the set point of system



(2) Ca entry feeds back to regulate the mechanotransduction channel


- Nearly all afferent nerves end on inner hair cells, whereas efferents end on outer hair cells


- Outer hair cells exhibit electromotility (contract on depolarization and vice versa) to regulate distance of tectorial membrane to inner hair cells and adjust their sensitivity; this mechanism depends on a motor protein called prestin


- OHCs express a Ca channel opened by ACh from efferent nerves; the Ca causes K channels to open and results in hyperpolarization, which ultimately results in loss of sensitivity


- Otoacoustic emissions: active movement of basilar membrane can generate sound (this is a minor point, not mentioned in lecture but in notes)

Summary of major ideas


- Be able to trace how information in sound waves is transduced to neural signal


- Understand the molecular mechanisms underlying adaptation


- Relate this information to the acoustic system pathway in Lab 12

