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The remarkable hearing system

Dynamic Range

Frequency Selectivity

Complex processes

Dallos & Fay, 1996 http://www.edtech.engineering.utoronto.ca/object/cocktail‐party‐effect
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Outline

• Introduction to hearing and 
mechanotransduction mechanisms

• 2 Major Observations

–Regarding fast adaptation 

–Regarding slow adaptation

• Summary and speculation of 
mechanotransduction mechanisms
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How does the ear detect sound?

Jackler et al, 2014
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Cochlea
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Organ of Corti
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Mechanosensitive Hair Bundle

Alex Scharr
http://www.cochlea.eu/en/hair‐cells

8

How we study mechanotransduction
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Mechanotransduction characteristics

Stimulus

Patch Pipette:
‐ Whole cell voltage clamp

OHC

200pA

1ms

Current Response

Activation Curve
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Key process: Adaptation

• Dynamic range

• Operating point

• Frequency tuning

I/Imax

Displacement (m)

Stimulus

Current
response

OHC

Crawford & Fettiplace, 1989

Eatock et al, 1987

Current Adaptation

Adaptation Shift Ricci et al, 2005
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Classical model of adaptation: Ca2+ dependent

Slow/Motor Adaptation 10‐100ms

Ca2+

Fast/Channel Adaptation 0.3‐5ms

Ca2+

Myosin 
Motors

MET
channels

Tip-link

Howard & Hudspeth, 1987

Wu et al, 1999; Crawford & Fettiplace, 1989

Ca2+

Ca2+

X
X

Beurg et al, 2009
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Outline

• Introduction to hearing and 
mechanotransduction mechanisms

• 2 Major Observations

–Regarding fast adaptation 

–Regarding slow adaptation

• Summary and speculation of 
mechanotransduction mechanisms
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Frequency tuning mechanism

Ricci et al, 2005

low high

small

large

High PassLow Pass
Band Pass
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Attempt to measure activation kinetics

Current (nA)
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Depolarization removes adaptation

Ca2+

Negative holding potential

Ca2+

Positive holding potential
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1st Observation

-84mV

+76mV

Peng et al, 2013

200pA

1ms

OHC

Stimulus

Cheung & Corey, 2006

-84mV

+40mV
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[Ca2+] affects adaptation rates

External [Ca2+]

20 ms
Ricci & Fettiplace, 1997
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Adaptation persisted

Peng et al, 2013

OHC
2mM Ca2+
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Depolarization removes adaptation shift

Ca2+

Negative holding potential

Ca2+

Positive holding potential
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Adaptation shifts unaffected in cochlea

-84mV

+76mV

Peng et al, 2013

OHCStimulus

1ms

200pA
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Point 1: Ca2+ does not drive fast adaptation

Slow/Motor Adaptation 10‐100ms

Fast/Channel Adaptation 0.3‐5ms

Ca2+

Ca2+X
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Outline

• Introduction to hearing and 
mechanotransduction mechanisms

• 2 Major Observations

–Regarding fast adaptation 

–Regarding slow adaptation

• Summary and speculation of 
mechanotransduction mechanisms
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Most common stimulators used

Displacement Force

F = kx
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Known that hair bundle stiffness changes

Beurg et al, 2008

Russell et al, 1992

Kros et al, 2002
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New method to measure bundle motion

100nm/pixel
10k up to 50k fps

Original Photodiode method
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FJ stimulus accentuates slow adaptation 
in the receptor current

Caprara et al., 2019
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2nd Observation
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Mechanical relaxation associated with 
slow adaptation

Howard & Hudpeth, 1987
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Motor Model of Slow Adaptation

• Calcium mediates 
slow adaptation
Eatock et al., 1987
Corey & Hudspeth, 1983

• Myosin motors 
required – Myo1c
Yamoah & Gillespie, 1996
Holt et al., 2002

Ca2+

Assad et al., 1991; Tobin et al., 2019
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Slipping slow adaptation prediction

Caprara et al., 2020
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Myosin motor activity required for slow adaptation

Caprara et al., 2020
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Manipulation of intracellular calcium 
affects adaptation

Intracellular Ca2+ Buffer

[BAPTA]i 0.1 mM

‐8
4
 m

V

10 mM

+ 76 mV

Caprara et al., 2020

Ca2+
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Bundle creep can be quantified

𝑦 ൌ 𝑦଴ ൅ 𝐴ଵ𝑒 ௫బି௫ தభ⁄ ൅ 𝐴ଶ𝑒 ௫బି௫ தమ⁄

A2/(A1+A2) – Percentage of slow creep

(A1+A2)/y0 – Relative size of creep

2 – Rate of creep

Bundle
Motion (nm)
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Bundle creep not correlated with slow 
adaptation

0.1 BAPTA
0.1 BAPTA +76mV
10 BAPTA
Sulfate
Vanadate

AdaptationBundle Motion

Caprara et al., 2020
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Equivalent experiments?

Vs

Vs

36

Bundle creep not correlated with 
adaptation in vestibular hair cells

Howard & Hudspeth, 1987

Flexible Fiber

Caprara et al., 2020
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Myo1C is implicated in slow adaptation in 
vestibular hair cells

Stauffer E.A. et al. 2005

Holt et al, 2002

38

Myo1C is required for slow adaptation but 
not the creep

Myo1c‐Y61G + 250 µM NMB‐ADP

Caprara et al., 2020
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Point 2: Slow adaptation does not involve myosin 
motors slipping along sides of stereocilia

Slow/Motor Adaptation 10‐100ms

X
Ca2+

Ca2+
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Outline

• Introduction to hearing and 
mechanotransduction mechanisms

• 2 Major Observations

–Regarding fast adaptation 

–Regarding slow adaptation

• Summary and speculation of 
mechanotransduction mechanisms
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Summary

-84mV

+76mV

Slow adaptation does not involve myosin 
motors slipping along sides of stereocilia

Fast adaptation is not driven by Ca2+

Ca2+

Ca2+XCa2+
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Future Directions – Fast adaptation

Channel

Tip‐link

• Not calcium‐dependent
• Viscoelasticity?

40
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Future Directions – Slow adaptation

Previous Motor Model New Lipid Model

Hirono et al., 2004
Effertz et al., 2017

Cunningham et al., 2020

Myo7a – Li et al., 2020
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Thank you for 
your attention!

Questions?
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