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Introduction

Reactome is open-source, open access, manually curated and peer-reviewed pathway database. Pathway 
annotations are authored by expert biologists, in collaboration with Reactome editorial staff and cross-
referenced to many bioinformatics databases. A system of evidence tracking ensures that all assertions 
are backed up by the primary literature. Reactome is used by clinicians, geneticists, genomics research-
ers, and molecular biologists to interpret the results of high-throughput experimental studies, by bioin-
formaticians seeking to develop novel algorithms for mining knowledge from genomic studies, and by 
systems biologists building predictive models of normal and disease variant pathways.

The development of Reactome is supported by grants from the US National Institutes of Health (P41 
HG003751), University of Toronto (CFREF Medicine by Design), European Union (EU STRP, EMI-CD), and 
the European Molecular Biology Laboratory (EBI Industry program).
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Sensory processing of sound by outer hair cells of the cochlea ↗

Stable identifier: R-HSA-9662361

Outer hair cells (OHCs) produce amplification of sound waves in the cochlea by shortening and lengthen-
ing in response to sound, a phenomenon called electromotility (reviewed in Kim and Fettiplace 2014, Fet-
tiplace 2016, Fettiplace 2017, Fritzsch et al. 2017, Ashmore 2019). Like inner hair cells, OHCs possess ap-
ical stereocilia arranged in rows of ascending height. A taller stereocilium is connected to a shorter ste-
reocilium by a tip link comprising a CDH23 dimer onthe side of the taller stereocilium and a PCDH15 di-
mer on theapex of the shorter stereocilium. PCDH15 interacts with LHFPL5, a subunit of the mechano-
electrical transduction channel complex (MET channel, also called the mechanotransduction channel), 
which contains TMC1 or TMC2, TMIE, CIB2, and LHFPL5 (reviewed in Fettiplace 2016). Deflection of the 
stereocilia in one direction produces tension on the tip link that increases the open probability of the 
MET channel, resulting in depolarization of the OHC. Deflection of the stereocilia in the opposite direc-
tion produces compression on the tip link that decreases the the open probability of the MET channel, 
resulting in hyperpolarization of the OHC.

Sound causes micromechanical motions of the organ of Corti that result in alternating tension and com-
pression in the tip link that produce excitatory-inhibitory cycles of MET channel openings and closings 
relative to the MET channel's resting open probability. This causes directionally alternating fluxes of K+ 
and Ca2+, yielding depolarization-hyperpolarization cycles that cause conformational changes in prestin 
(SLC26A5). These cycles are asymmetrical, with contraction caused by depolarization dominating elonga-
tion caused by hyperpolarization due to the asymmetry of the open probability of MET channels. Stereo-
ciliary ATP2B2 (PMCA2) extrudes calcium ions and basally located KCNQ4 extrudes potassium ions to re-
polarize the OHC. 

Depolarization of the OHC causes a decrease in length of the OHC due to a very rapid, voltage-sensitive 
change in conformation of the membrane protein prestin (SLC26A5), an unusual member of the anion 
transporter family located in the lateral membrane (Mahendrasingam et al, 2010) that appears to re-
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spond to cytosolic chloride by altering its conformation in the plane of the plasma membrane (reviewed 
in Dallos et al. 2006, Dallos 2008, Hudspeth 2014, Reichenbach and Hudspeth 2014, Ashmore 2019, San-
tos-Sacchi 2019). Prestin also appears to act as a weak chloride-bicarbonate antiporter (Mistrik et al. 
2012). Changes in length of the OHCs cause movement of the reticular lamina toward and away from the 
basilar membrane.
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Mechanoelectrical transduction (MET) channel transports cations into the cytosol of 
stereocilia of cochlear outer hair cell ↗

Location: Sensory processing of sound by outer hair cells of the cochlea

Stable identifier: R-HSA-9663363

Type: transition

Compartments: plasma membrane

Inferred from: MET channel transports cations from the extracellular region into the cytosol of stereocil-
ia of cochlear outer hair cell (Mus musculus)

The mechanoelectrical transduction (MET) channels located at the tips of stereocilia on the apical sur-
face of outer hair cells (OHCs) are opened by mechanical force exerted on the channels by 
CDH23:PCDH15 tip links that connect the apices of shorter stereocilia to the sides of taller stereocilia (i-
nferred from mouse homologs). A CDH23 dimer is connected to the cytoskeleton of a taller stereocilium 
via USH1C (Harmonin), USH1G (SANS), and MYO7A (MYOVIIA) (inferred from mouse homologs). By a 
calcium-dependent interaction, a CDH23 dimer on the side of a taller stereocilium is bound to a PCDH15 
dimer connected to a MET channel on the apex of a shorter stereocilium (inferred from mouse homo-
logs). The MET channel complex contains at least TMC1 or TMC2, TMIE, CIB2, and LHFPL5, with which 
PCDH15 interacts (inferred from mouse homologs). Deflection of the stereocilia by sound causes in-
creased tension on CDH23:PCDH15, resulting in an increased probability of the open state of the MET 
channel. The MET channel is relatively non-specific for cations and conducts calcium ions and potassi-
um ions from the extracellular scala media into the cytosol of the OHC. Depolarization of the OHC results 
in shortening of the OHC due to a change in conformation of SLC26A5 (prestin) located in the lateral 
membrane of the OHC. The composition of the cytoskeleton of OHCs differs from that of inner hair cells 
(IHCs): MPP1 and GSN are present in OHCs but absent from IHCs (inferred from mouse homologs).

Followed by: SLC26A5 (prestin) changes conformation in response to depolarization
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SLC26A5 (prestin) changes conformation in response to depolarization ↗

Location: Sensory processing of sound by outer hair cells of the cochlea

Stable identifier: R-HSA-9663354

Type: uncertain

Compartments: plasma membrane

Inferred from: Slc26a5 changes conformation in response to depolarization (Rattus norvegicus), Slc26a5 
changes conformation in response to depolarization (Mus musculus)

The membrane protein SLC26A5 (prestin) contracts in the plane of the membrane in response to depol-
arization of the cell caused by opening of the mechanoelectric transduction (MET) channel (inferred 
from rat homologs). Likewise, SLC26A5 expands in the plane of the membrane in response to hyperpol-
arization caused by MET channel closing. A current model for the reaction posits that the association of 
anions (chloride or bicarbonate) with a binding pocket midway along the permeation pathway within 
SLC26A5 causes a change in the area occupied by SLC26A5 in the membrane (inferred from the rat 
homolog). An influx of cations through the MET channel causes dissociation of anions from SLC26A5, re-
versing the conformational change. The contraction-elongation cycle of OHCs, due to conformational 
changes of prestin, provides feedback-amplification of the motions (principally the reticular lamina) of 
the organ of Corti. At low sound levels the amplification is about a 1000-fold, decreasing nonlinearly as 
sound level increases. In the absence of either OHCs (Ryan and Dallos 1975) or functional prestin (i-
nferred from mouse homologs) the amplification disappears.

Preceded by: Mechanoelectrical transduction (MET) channel transports cations into the cytosol of ste-
reocilia of cochlear outer hair cell

Literature references

Zheng, J., Shen, W., He, DZ., Long, KB., Madison, LD., Dallos, P. (2000). Prestin is the motor protein of cochlear out-
er hair cells. Nature, 405, 149-55. ↗

Editions
2019-09-30 Authored, Edited May, B.

2020-09-14 Reviewed Furness, DN., Dallos, P.

https://reactome.org
https://reactome.org/content/detail/R-HSA-9663354
https://reactome.org/content/detail/R-RNO-9667710
https://reactome.org/content/detail/R-MMU-9663359
https://reactome.org/content/detail/R-MMU-9663359
http://www.ncbi.nlm.nih.gov/pubmed/10821263


https://reactome.org Page 6

KCNQ4 transports K+ from the cytosol to the extracellular region ↗

Location: Sensory processing of sound by outer hair cells of the cochlea

Stable identifier: R-HSA-9659554

Type: transition

Compartments: plasma membrane

Inferred from: Kcnq4 transports K+ from the cytosol to the extracellular region (Mus musculus)

KCNQ4 located on the basal membrane of outer hair cells (OHCs) and the basolateral membrane of inner 
hair cells (inferred from the mouse homolog) transports potassium ions along the concentration gradient 
from the cytosol to the extracellular region (Kubisch et al. 1999 and inferred from the mouse homolog). 
The resulting efflux of potassium is believed to be responsible for the I(K,n) current that plays a role in 
setting the resting potential of the cell and in repolarization of the cell. Absence of KCNQ4 causes in-
creased depolarization and degeneration of OHCs (inferred from the mouse homolog).

Literature references
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ATP2B2-wa (PMCA2-wa) transports Ca2+ from the cytosol to the extracellular region 
↗

Location: Sensory processing of sound by outer hair cells of the cochlea

Stable identifier: R-HSA-9662114

Type: transition

Compartments: plasma membrane

Inferred from: Atp2b2-wa (PMCA2-wa) transports Ca2+ from the cytosol to the extracellular region (Ra-
ttus norvegicus), Atp2b2 (PMCA2) transports Ca2+ from the cytosol to the extracellular region (Mus mus-
culus)

ATP2B2 (wa isoform) is located in the plasma membrane of stereocilia bundles of inner hair cells and 
outer hair cells and transports calcium ions from the cytosol to the extracellular region with concomitant 
hydrolysis of ATP (Ficarella et al. 2007, Giacomello et al. 2011, and observed in rat and mouse). ATP2B2 
appears to facilitate an efflux of calcium ions that enter the stereocilia during depolarization caused by 
the opening of the mechanoelectrical transduction channel, hence ATP2B2 plays a role in repolarization 
of the cell (Ficarella et al. 2007, Giacomello et al. 2011, and observed in rat and mouse).
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Acetylcholine inhibits contraction of outer hair cells ↗

Location: Sensory processing of sound by outer hair cells of the cochlea

Stable identifier: R-HSA-9667769

Outer hair cells (OHCs) are synapsed with efferent cholinergic medial olivocochlear fibers (reviewed in 
Fritzsch and Elliott 2017, Fuchs and Lauer 2019). Acetylcholine released at the synapse binds an unusual, 
nicotine-antagonized, nicotinic receptor comprising CHRNA9 and CHRNA10. Upon binding acet-
ylcholine, CHRNA9:CHRNA10 transports calcium ions into the OHC. The calcium activates nearby SK2 
potassium channels (KCNN2, small potassium current channels) and BK potassium channels (KC-
NMA1:KCNMB1, big potassium current channels) which extrude potassium ions, hyperpolarize the OHC, 
and inhibit activation of the OHC.

The overall effects of acetylcholine on OHCs are complex. OHCs exhibit fast motility caused by voltage 
effect on SLC26A5 and slow motility caused by cytoskeleton organization. 

Literature references

Fritzsch, B., Elliott, KL. (2017). Evolution and Development of the Inner Ear Efferent System: Transforming a Motor 
Neuron Population to Connect to the Most Unusual Motor Protein via Ancient Nicotinic Receptors. Front Cell 
Neurosci, 11, 114. ↗

Fuchs, PA., Lauer, AM. (2019). Efferent Inhibition of the Cochlea. Cold Spring Harb Perspect Med, 9. ↗

Editions
2019-11-16 Authored, Edited May, B.

2020-09-14 Reviewed Furness, DN., Dallos, P.

https://reactome.org
https://reactome.org/content/detail/R-HSA-9667769
http://www.ncbi.nlm.nih.gov/pubmed/28484373
http://www.ncbi.nlm.nih.gov/pubmed/30082454


https://reactome.org Page 9

Table of Contents
Introduction 1

Sensory processing of sound by outer hair cells of the cochlea 2

Mechanoelectrical transduction (MET) channel transports cations into the cytosol of stereocilia of 
cochlear outer hair cell

4

SLC26A5 (prestin) changes conformation in response to depolarization 5

KCNQ4 transports K+ from the cytosol to the extracellular region 6

ATP2B2-wa (PMCA2-wa) transports Ca2+ from the cytosol to the extracellular region 7

Acetylcholine inhibits contraction of outer hair cells 8

Table of Contents 9

https://reactome.org

