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Abstract

Prestin (SLC26A5) is a membrane-based voltage-dependent motor protein responsible for outer
hair cell (OHC) somatic electromotility. Its importance for mammalian cochlear amplification has
been demonstrated using mouse models lacking prestin (prestin-KO) and expressing dysfunctional
prestin, prestinV499G/Y501H (499-prestin-K1). However, it is still not elucidated how prestin
contributes to the mechanical amplification process in the cochlea. In this study, we characterized
several prestin mouse models in which prestin activity in OHCs was variously manipulated.

We found that near-normal cochlear function can be maintained even when prestin activity

is significantly reduced, suggesting that the relationship between OHC electromotility and the
peripheral sensitivity to sound may not be linear. This result is counterintuitive given the large
threshold shifts in prestin-KO and 499-prestin-KI mice, as reported in previous studies. To
reconcile these apparently opposing observations, we entertain a voltage- and turgor pressure-
based cochlear amplification mechanism that requires prestin but is insensitive to significant
reductions in prestin protein expression.
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1. INTRODUCTION

Prestin (SLC26A5) is the voltage-operated membrane-based molecular motor (Zheng, et al.,
2000) that confers somatic electromotility (Brownell, et al., 1985) on cochlear outer hair
cells (OHCs). Previous studies found that mouse models lacking prestin (S/c26a~, prestin-
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KO) suffer approximately 50 dB threshold shifts across frequency (Cheatham, et al., 2004;
Liberman, et al., 2002; Wu, et al., 2004). Although these studies established the importance
of prestin for mammalian cochlear amplification, how prestin-driven OHC electromotility
contributes to the amplification process remains unclear, given that the absence of prestin
resulted in significant morphological (shorter OHC length) and mechanical (reduced OHC
axial stiffness) changes (Dallos, et al., 2008; Liberman, et al., 2002). To circumvent

these issues, a knockin (KI) mouse model expressing prestin with triple mutations,
prestinK233Q/K235Q/R236Q (ahbreviated as C1-prestin), was generated. Despite its largely
shifted voltage operating point (V) in the hyperpolarizing direction (Oliver, et al., 2001),
C1-prestin-KI mice did not show threshold shifts (Gao, et al., 2007). Later, another KI
mouse model expressing prestin with V499G and Y501H double mutations (abbreviated as
499-prestin) was also generated (Dallos, et al., 2008). 499-prestin is virtually nonfunctional
within the physiological voltage range, but it targets the cell membrane normally and confers
wildtype (WT)-like OHC morphology and axial stiffness (Dallos, et al., 2008; Homma,

et al., 2013; Zheng, et al., 2005). This 499-prestin-KI mouse model showed prestin-KO-
like threshold shifts across frequency, thereby providing the first compelling experimental
evidence that prestin-based OHC electromatility is indeed essential for normal cochlear
amplification in mammals (Dallos, et al., 2008). The importance of prestin-mediated OHC
electromotility for normal cochlear function was also demonstrated using prestin chimeric
mice that showed a proportional decrease in sensitivity as the number of OHCs lacking
prestin increased (Cheatham, et al., 2009).

The contribution of prestin to cochlear amplification was further investigated using prestin
hypomorphic mice that express significantly reduced amounts of prestin (30-50% as
compared to WT controls) in each OHC (Yamashita, et al., 2012). As predicted, the reduced
prestin expression resulted in reductions of OHC length and electromotility. Surprisingly,
however, ABR thresholds in hypomorphic mice were found to be WT-like for stimuli
processed in the apical 2/3 of the cochlea (Yamashita, et al., 2012). It is also emphasized that
the retention of WT-like sensitivity found in C1-prestin-KI mice was originally explained
based on the then generally presumed resting membrane potential of OHCs, i.e., =70 mV, at
which the magnitudes of electromotility were comparable in WT- and C1-prestin-expressing
OHCs (Gao, et al., 2007). However, this explanation is no longer tenable considering the
subsequent finding that OHC resting membrane potentials are depolarized to about —40

mV under physiological conditions where the apical surfaces of OHCs are exposed to
endolymph containing high K* and low Ca2* (Johnson, et al., 2011).

In summary, prestin-KO, 499-prestin-KI, and prestin chimeric mice demonstrate the
importance of prestin-mediated OHC electromotility for normal cochlear function, whereas
prestin hypomorphic and C1-prestin-KI mice provide seemingly opposing results. In the
present study, we further investigated the contribution of prestin to cochlear amplification
and found that hearing sensitivity can indeed be insensitive to large reductions of prestin-
mediated motor activity. In the discussion, we propose a voltage- and turgor pressure-based
mechanism that can sustain adequate levels of amplification even when prestin protein
expression is reduced relative to WT.
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Materials and methods

2.1 Animals

2.2

Care and use of the animals in this study were approved by the National Institutes of

Health and the Animal Care and Use Committee at Northwestern University. C1-prestin-KI,
499-prestin-KI, and prestin-KO mice were generated and described in detail in previous
studies (Dallos, et al., 2008; Gao, et al., 2007; Liberman, et al., 2002). The heterozygous

and compound heterozygous mice used in this study were generated by crossing these
various mouse models. All of the mice used in this study were on a mixed 129S/C57BL6
background. Except for one S/c26a5¢/C1 who was 3 months old, all other subjects were less
than 2 months of age (postnatal days 18-47).

In vivo electrophysiology

Gross cochlear potentials were acquired at the round window membrane using a silver-

wire ball electrode in adolescent mice anesthetized with sodium pentobarbital (80 mg/kg

ip). Rectal temperature was maintained at 38 °C, and the head holder was heated to
minimize cooling of the cochlea. Responses were band-pass filtered (0.2-3.0 kHz) and

a 10 uV N1/P1 criterion voltage designated compound action potential (CAP) threshold.
Further details are provided in a previous publication (Cheatham, et al., 2004). Because
distortion product otoacoustic emissions (DPOAES) are associated with OHC function, these
measures were also recorded using EmAv software (Neely and Liu, 1994) to evaluate
changes in S/c26a5%9*, Slc26a5¢VC1, Slc26a5¢1, and S/c26a5¢/499 mice anesthetized
with ketamine (100 mg/kg ip) and xylazine (10 mg/kg ip). For emission measurements,

a two-tone input was used with a frequency ratio of 1.2. A custom emission probe was
inserted into the ear canal to form a tight seal allowing calibrations to be performed in

each individual subject using SysRes (Neely and Stevenson, 1992) and a Card Deluxe 24-bit
sound card with a sampling rate of 96 kHz. Data in this report are provided as iso-input
functions where L; = L, = 70 dB SPL and as input-output or growth functions collected for
fy = 12 kHz and when the level of f1 (L1) was 10 dB SPL greater than the level of f, (L,).
Additional details are provided in a previous publication (Cheatham, et al., 2014).

2.3 Hair cell preparation and in vitro electrophysiology

In the majority of cases, /n vitro electrophysiology was performed on the same mice used
for the Jin vivo physiology. Following euthanasia (Euthasol, 200 mg/kg), OHCs were isolated
as described previously (Homma, et al., 2013). Whole-cell recordings were performed at
room temperature using the Axopatch 200B amplifier (Molecular Devices, Sunnyvale, CA).
Recording pipettes were pulled from borosilicate glass to achieve initial bath resistances
averaging 3—-4 MQ. For nonlinear capacitance (NLC) measurements, recording pipettes
were filled with an intracellular solution containing (mM): 140 CsCl, 2 MgCl,, 10 EGTA,
and 10 HEPES (pH 7.3, 307 mOsmol/kg). Isolated OHCs were bathed in an extracellular
solution containing (mM): 120 NaCl, 20 TEA-CI, 2 CoCl,, 2 MgCl,, 10 HEPES (pH

7.3). Osmolality was adjusted to 309 mOsmol/kg with glucose. NLC was measured using

a sinusoidal voltage stimulus (2.5 Hz, 120 or 150 mV amplitude) superimposed with

two higher frequency stimuli (391 (f1) and 781 (f,) Hz, 10 mV amplitude) (Homma and
Dallos, 2011). Current data were collected by jClamp (SciSoft Company, New Haven,
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CT), and NLC determined using a fast Fourier transform-based admittance analysis (Santos-
Sacchi, et al., 1998). For whole-cell membrane conductance recordings, isolated OHCs
were bathed in an extracellular solution containing (mM): 142 NaCl, 4 KCl, 1.5 CaCl,,

1 MgCly, 8 NayHPOQy, 2 NaH,PO,4, and 10 glucose (pH 7.3). Osmolality of the bath
solution was adjusted to 317 mOsmol/kg with glucose. Recording pipettes were filled with
an intracellular solution containing (mM): 144 KCI, 2 MgCl,, 8 NayHPO,, 2 NaH,PQOy,

10 glucose, 1 ATP, 0.1 GTP, and 0.5 EGTA (pH 7.3). Recordings were performed
approximately one minute after establishing the whole-cell configuration to ensure complete
intracellular dialysis with the pipette solution. Steady-state currents at various holding
potentials (from —160 mV to +120 mV, 20 mV step) were determined and plotted against
the Rs-corrected holding potentials to obtain IV curves. The resting membrane potentials
were determined by current-clamp at 0 nA. While recording, the intracellular pressure was
not adjusted, i.e., the pressure reading at the back of the recording pipette was 0 mmHg
with respect to the atmospheric pressure. Because capillary force is unlikely to be identical
among recording pipettes, and because the osmolality of the bath solution slowly changes
over time due to evaporation, there may have been slight variations in turgor between
recordings.

2.4 NLC data analysis

NLC (C,y) data were analyzed using the following equation:

{l + exp[a(Vm - Vpk)]}

where a. is the slope factor, Qmay is the maximum charge transfer, Vy, is the membrane
potential, Vi is the voltage at which the maximum charge movement is attained, and Cjjn is
the linear capacitance.

2.5 Statistical analyses

Statistical analyses were performed using Prism (GraphPad Software). The Student’s t-test
was used for comparisons between two groups. One-way ANOVA combined with the
Dunnett’s post hoc test was used for multiple comparisons. In all statistical analyses, p

< 0.05 was considered significant.

3. Results

3.1 Slc26a5499* heterozygous mice

Disruption of one S/c26a5 allele (S/c26a5!~) reduces prestin gene expression in OHCs.
However, the amount of prestin protein produced by the remaining allele is much greater
than 50% as compared to WT (S/c26a5*) due to partial autoregulation (Cheatham,

et al., 2005). Although prestin mMRNA remains at approximately 50% of WT, prestin
protein expression and OHC length are WT-like (Cheatham, et al., 2005). We, therefore,
studied mice heterozygous for 499-prestin (S/c26a5%99%) (Zheng, et al., 2005) to determine
the effect of reducing prestin protein expression. 499-prestin targets the cell membrane
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normally and confers WT-like cell morphology and axial stiffness on OHCs but is virtually
nonfunctional within the physiological voltage range due to its extremely shifted Vp in
the depolarizing direction by approximately 250 mV (Dallos, et al., 2008; Homma, et al.,
2013). In Slc26a5%99* both WT- and 499-prestin-expressing alleles contribute equally to
produce comparable amounts of WT- and 499-prestin proteins, resulting in significantly
reduced NLC and electromotility without changing OHC length (Homma, et al., 2013).
Despite this large reduction in prestin activity, thresholds for compound action potentials
(CAP) in young, early generation 499-prestin heterozygous mice (red) are WT-like (Fig.
1A). Because otoacoustic emissions are associated with OHC function, DPOAEs were also
examined and shown to be WT-like. The iso-input functions, obtained for L; = L, =70 dB
SPL in S/c26a5%99+ heterozygotes (red), are comparable to the average control data (black)
(Fig. 1B). In addition, DPOAE input-output functions for f, = 12 kHz were also collected
(Fig. 1C). If one designates threshold as the level of f; generating a DPOAE of 0 dB SPL,
then the mice with one copy of WT prestin and one copy of 499-prestin have thresholds
similar to those of the controls.

3.2 Slc26a5Y~ and Slc26a5¢1/499 compound heterozygous mice

The C1 triple mutations, K233Q/K235Q/R236Q), result in a large hyperpolarizing shift

of the voltage operating point (V) of prestin (Gao, et al., 2007; Oliver, et al., 2001).

It is probable that this hyperpolarizing Vp shift is due to neutralization of the three
positively charged residues located at the extracellular surface of the cell membrane, which
depolarizes the true transmembrane electric potential (Kuwabara, et al., 2018). This large
hyperpolarizing Vpy shift should make the voltage-induced mechanical response of prestin
at the physiological resting membrane potential of OHCs, i.e., around —40 mV (Johnson,
et al., 2011), significantly smaller as compared to WT. However, C1-prestin-KI mice show
WT-like sensitivity assayed using CAP thresholds (Gao, et al., 2007).

In order to further reduce prestin activity, we crossed C1-prestin-KI mice with prestin-
KO and with 499-prestin-KI mice to obtain S/c26a5¢2~ and Slc26a5¢1/4%9, respectively.
Data in Fig. 2 indicate that both a. and Vp are reduced in S/c26a5¢7/C2, Slc26a5¢7,
and S/c26a5¢1499 mice. For Slc26a5¢2C1, hoth Qmax and Ci, Were statistically
indistinguishable from those of WT, but their means were slightly larger and smaller than
WT, respectively, which resulted in increased charge density with statistical significance.
As predicted, the expression of C1-prestin was significantly reduced in both S/c26a5¢4~
and S/c26a5¢1499 put to a greater degree in S/c26a5¢7499, as indicated by its smaller
Qmax- Because charge density is adjusted for cell length, the reduced linear capacitance
in S/c26a5¢1~ OHCs is taken into account when using this metric. The shorter OHCs in
Slc26a5¢Y~ mice are likely due to reduced levels of C1-prestin protein. Although some
autoregulation may occur, it is not sufficient to produce WT-like OHC lengths.

We also performed another set of whole-cell recordings to explore the possibility that the
expression of C1- or 499-prestin might increase the excitability of OHCs, as previous studies
reported functional interaction between prestin and Kv7.4 (Chambard and Ashmore, 2005;
Perez-Flores, et al., 2020). We found that the current-voltage relationships (Figs. 3A and 3B)
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and the resting membrane electric potentials (Fig. 3C) of OHCs isolated from S/c26a5¢/¢1
and S/c26a5%9%%99 did not show signs of increased OHC excitability as compared to WT.

Figure 4 provides DPOAE iso-input functions obtained at 70 dB SPL for S/c26a5¢/¢1,
Slc26a5¢1=, and for S/c26a5¢499in the top panel and input-output functions at f,

=12 kHz in the bottom panel. Consistent with the reported WT-like CAP thresholds

in S/c26a5¢VC1 (Gao, et al., 2007), the DPOAES are near-normal in mice with triple

C1 mutations (blue). Similar results were obtained for the S/c26a5¢%~ (green) and
Slc26a5¢1499 (magenta) mice, except that there were statistically significant magnitude
reductions at high and low f, frequencies that may relate to reductions in C1 protein
expression. However, given the large reduction in prestin activity (Fig. 2), these changes are
surprisingly small. Taken together, these observations suggest that OHC function can be kept
at near-normal levels despite significant reductions in prestin activity.

4. Discussion

OHC electromotility driven by prestin’s voltage-dependent motor activity is demonstrated
to be essential for normal cochlear amplification (Dallos, et al., 2008). In fact, a positive
correlation between the threshold elevations vs. the numbers of prestin-deficient OHCs was
found in a chimeric mouse model in which the ratio of prestin-deficient OHCs to WT
OHCs varied among individual chimeric mice (Cheatham, et al., 2009). In this chimeric
model, normal thresholds were not observed for low prestin-deficient OHC ratios (see

Fig. 9 in Cheatham et al., 2009). Another study found significant threshold elevations in
a-tectorin®1509G mice in which the tectorial membrane (TM) attaches to OHCs only in the
first row in heterozygotes and to no OHCs in homozygotes due to malformation of the TM
caused by the p.C1509G missense mutation in a-tectorin (Xia, et al., 2010). Interestingly,
upregulation of prestin was found in this mouse model, implying compensation for reduced
numbers of TM-coupled OHCs (Xia, et al., 2010). However, this upregulation in OHCs that
remained connected to the TM did not result in sensitive ABR or DPOAE responses (see
Fig. 6 in Xia et al., 2010). Collectively, these observations reaffirm the indispensability of
prestin-based motor activity for normal cochlear amplification.

In the present study, we expected to find hearing defects in S/c26a5%99*, Slc26a5¢2-,

and S/c26a5¢2499 mice. However, these mice did not show large changes when compared
with WT controls. Although surprising, our results agree with a study by Yamashita and
colleagues (Yamashita, et al., 2012) that also examined the influence of reduced prestin
activity on sensitivity using hypomorphic mouse models where prestin expression was vastly
reduced by destabilizing prestin mMRNA. They found that reduction of prestin expression by
as much as 70% did not affect ABR thresholds for frequencies up to and including 22 kHz.
OHC function assessed by DPOAE measurements was also found to be WT-like (Yamashita,
etal., 2012).

Taken together, these observations suggest that mammalian cochlear amplification is
sensitive to reduction in the number of prestin-expressing OHCs but not to significant
decreases in prestin protein. How might this be achieved?

Hear Res. Author manuscript; available in PMC 2023 September 15.
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Prestin is the major contributor to the global axial stiffness of OHCs. Elimination or
inhibition (removal of intracellular chloride) of prestin is known to drastically reduce OHC
axial stiffness (Dallos, et al., 2008; He, et al., 2003). This prestin-associated stiffness was
demonstrated to be voltage-dependent (He and Dallos, 1999; He, et al., 2003), although

an opposing report exists (Hallworth, 2007). Theoretically, this voltage-dependent stiffness
change can cause OHC length changes if the cell is mechanically preloaded (Dallos and

He, 2000). Fig. 5A shows the prestin-associated voltage-dependent axial stiffness of OHCs
expressing WT- or C1/499-prestin, as deduced from their NLC parameters (Fig. 2). It is
tempting to entertain the possibility that OHC electromotility (Ad) is primarily powered

by OHC turgor pressure (P) and voltage-dependent axial stiffness changes (Ak,), i.e., Ad

= P/ Aky. The signature cylindrical shape of OHCs, where their lateral membranes are
surrounded by perilymph and not physically in contact with other structures, is advantageous
for this hypothetical turgor pressure-driven electromotility mechanism. In this model, the
magnitude of electromotility is modulated by turgor pressure. In fact, it was demonstrated
that increasing turgor pressure increases the magnitude of OHC electromotility (Kakehata
and Santos-Sacchi, 1995; Sziklai and Dallos, 1997) (but not in (Adachi, et al., 2000)). It
has also been shown that perfusion of hypotonic perilymph, which is expected to increase
turgor pressure, enhances cochlear amplification in anesthetized animals (Choi and Oghalai,
2008). In addition to its role as a competitor to the required chloride binding site, the prestin
inhibitor, salicylate, was reported to reduce OHC turgor (Shehata, et al., 1991), implying its
dual roles in inhibiting cochlear amplification. It is conceivable that OHC turgor pressure is
actively regulated, and that it is higher in S/c26a5%9*, Slc26a5¢1~, and Slc26a5¢Y4% to
produce WT-like electromatility. Aside from its effect on the magnitude of electromotility,
turgor pressure also affects Vpy (Adachi, et al., 2000; Kakehata and Santos-Sacchi, 1995).
Specifically, Vi shifts in the depolarizing direction in response to increased turgor pressure.
This behavior should facilitate the action of C1-prestin so that it works effectively within the
physiological voltage range. It should be noted that prestin-associated OHC axial stiffness
can be insensitive to the amount of the prestin protein. As shown in Fig. 5B, the overall
stiffness (k) is proportional to the number of unitary stiffness (k) components connected
in parallel but inversely proportional to those connected in series. This relationship suggests
that a large augmentation in OHC turgor pressure would not be needed to compensate for
reductions in prestin expression/activity.

SLC26A5's an established deafness gene (DFNB61) abundantly expressed in OHCs.
Although functional expression of prestin in cardiomyocytes was reported recently (Zhang,
et al., 2021), prestin-KO mice are fully viable and able to reproduce. Nevertheless, only a
few prestin variants have been identified in human patients, which is in stark contrast to
over six hundred deafness-associated variants found in another deafness-associated SLC26
gene, pendrin (SLC26A4) (Stenson, et al., 2017). The small number of SLC26A5 variants
may not be surprising given the high tolerance of cochlear function to large reductions of
prestin activity. Hence, it is crucial to determine the prestin activity that is minimally needed
to sustain normal cochlear amplification in order to define the exact physiological role of
prestin and, thus, to determine the pathogenicity of prestin variants.

Hear Res. Author manuscript; available in PMC 2023 September 15.
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Highlights
. Prestin-based motor activity is required for normal cochlear amplification.
. Various prestin mutations were used to study outer hair cell electromotility.
. Prestin mouse models with reduced motility retain near-normal hearing.
. Cochlear amplification can tolerate reductions in prestin protein expression.
. A turgor-pressure based motility mechanism is proposed to explain this

tolerance.
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Fig. 1. CAPs and DPOAEs in SIc26a5%%9* mice and their controls.
(A) CAP thresholds for S/c26a5'"* (WT) controls (postnatal days 28, 29, 30, 32, 33, 37, and

43) and for Slc26a5%99* heterozygous (postnatal days 28, 29, 29, 29, 31, 32, and 33) mice.
(B) DPOAE iso-input functions for 2f;-f, obtained at L1 = L, = 70 dB SPL. The ages of
mice (postnatal days) were: 18, 18, 19, 19, and 21 for S/c26a5'*; 19, 19, 20, 21 and 21 for
Slc26a5%99+ . (C) DPOAE input-output functions at f, = 12 kHz collected when the level of
fo (L) was 10 dB SPL lower than the level of f; (L1). Mouse ages (postnatal days) were:
18, 18, 19, 19, and 31 for S/c26a5"*; 18, 19, 19, 20, 21, and 21 for S/c26a5%99*, In all
panels, the results are provided as means and standard deviations. A statistically significant
difference between S/c26a5"* vs. Slc26a5%99* was found only in panel C at 90 dB SPL
(denoted as *, p= 0.01) where the difference in the mean values was small.
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Fig. 2. NLCé)arameters of OHCs isolated from Slc26a5**, SIc26a5C1/C1, Sic26a5CY~, and
Slc26a5C1/499,

The a, Vpk, Qmax, Ciin, and charge density values [mean + s.d. (n)] were as follows: WT
[0.030 £0.002 mV~1, =77 + 15 mV, 979 + 129 fC, 6.9 + 0.9 pF, 143 + 11 fC/pF (n=32)];
C1/C1[0.027 +0.003 mV 1, =133 + 20 mV, 1017 + 166 fC, 6.6 + 0.8 pF, 155 + 21 fC/pF
(n=56)]; C1/- [0.025 + 0.002 mV 1, =152 + 28 mV, 814 + 131 fC, 5.5 + 0.4 pF, 147 + 25
fC/pF (n=50)]; C1/499 [0.027 + 0.003 mV~1, -124 + 15 mV, 478 + 88 fC, 6.8 + 0.7 pF,

70 + 11 fC/pF (n=200)]. Horizontal lines indicate means and standard deviations. ****, p<
0.0001. *** 0.0001 < p< 0.001. ns, p> 0.05. The ages of mice (postnatal days) were: 18,
24,26, 27, 28, 29, 30, 31, 32, 33, and 44 for Slc26a5'*; 25, 27, 28, and 29 for Slc26a5¢V/C,;
22, 24, 25, and 31 for Slc26a5¢4=; 22, 25, 26, 27, 28, 29, 30, 31, 34, 35, 37, and 43 for
Slc26a5¢1499,
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Fig. 3. Voltage-dependent membrane conductance of OHCs expressing WT-, C1-, or 499-prestin.
(A) Current-voltage (I-V) relationships determined for OHCs isolated from S/c26a5t*

(WT), Slc26a5°1CL (C1/C1), and S/c26a5%99/4%9 (499/499) mice. Insets show current
responses to rectangular command voltage steps from =160 mV to + 120 mV (20 mV step
for 200 msec). Vpy, readings at 0 nA (broken horizontal lines) gave reversal potentials (Eyey).
(B) A summary of the cell membrane conductance at Ee,. Horizontal bars indicate the mean
+ SD: 26 + 13 nS (n=19), 32 £ 17 nS (n=10), and 20 + 8 nS (n=6) for WT, C1/C1, and
499/499, respectively. These values were statistically indistinguishable (one-way ANOVA
followed by the Dunnett’s Multiple Comparison Procedure). (C) The resting membrane
potentials of OHCs determined by whole-cell current-clamp (at 0 nA). Horizontal bars
indicate the mean + SD: —61 £ 8 mV (n=19), =58 + 11 mV (n=10), and —62 £ 5 mV (n=6)
for WT, C1/C1, and 499/499, respectively. These values were statistically indistinguishable
(one-way ANOVA followed by the Dunnett’s Multiple Comparison Procedure). The ages
of mice (postnatal days) were: 25, 33, and 34 for S/c26a5'"*: 24, 25, 28, and 29 for
Slc26a5¢1/CL; 32, 33, and 34 for Slc26a5*99/4%,
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Fig. 4. DPOAES in SIc26a5CYCL, 51c26a5CY~, and SIc26a5CY/4%9 mice.
Iso-input functions collected at 70 dB SPL are provided in the top panel, input-output

functions at f, = 12 kHz in the bottom panel. In both panels, data are provided

for Slc26a5¢/C1 homozygotes (blue), Slc26a5¢4~ heterozygotes (green), Slc26a5¢/499
compound heterozygotes (magenta), and controls (black). The results are provided as means
and standard deviations. Asterisks indicate statistically significant difference, p < 0.05,
compared to WT controls (determined by one-way ANOVA followed by the Dunnett’s
Multiple Comparison Procedure). In the upper panel, the ages of mice (postnatal days) were:
18, 18, 18, 19, 19, 20, and 21 for S/c26a5'*; 19, 19, 19, and 104 for S/c26a5<Y/CZ; 20,

20, 20, 20, 20, 21, 21, 21, 22, 22, 22, 22, 22, 29, and 29 for S/c26a5¢1; 23, 25, 25, 26,
27,28, 29, 30, 31, 34, 35 and 47 for S/c26a551/499. |n the bottom panel, the ages of mice
(postnatal days) were: 18, 18, 19, 19, 20, 23, and 31 for S/c26a5t"*; 19, 19, 19, and 104 for
Slc26a5C1/CL, 20, 20, 20, 20, 21, 21, 21, 21, 22, 22, 22, 22, 22, 29, and 29 for Slc26a5¢1;
25, 28, 29, 30, 30, 32, 32, and 36 for S/c26a5¢1/4%9,
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Fig. 5. A hypothetical electromotility mechanism driven by turgor pressure and voltage-
dependent OHC axial stiffness.

(A) Voltage-dependent OHC axial stiffness, ky,, deduced from the NLC parameters of WT
(black) and C1/499 compound heterozygotes (magenta). In this model, OHC electromotility
is driven by turgor pressure, P (indicated by red arrow heads) and a prestin-associated
voltage-dependent change in the axial stiffness (Ak,). OHC contraction or elongation (Ad)
is expressed as Ad= AAk\. Circumferential inflation of an OHC due to positive turgor
pressure with reduced axial stiffness is exaggerated for clarity. Note that this model is
mathematically similar to the widely accepted prestin area motor-based electromotility
mechanism (F= k% Ad). (B) Schematic representations of the OHC lateral membrane with
prestin-associated unitary voltage-dependent stiffness, k. 7; and n,indicate the numbers of
unitary stiffness components connected in series and in parallel, respectively. On the right,
the total number of the unitary stiffness components is only 25% of those on the left, yet the
overall stiffness, &, remains unchanged.

Hear Res. Author manuscript; available in PMC 2023 September 15.



	Abstract
	INTRODUCTION
	Materials and methods
	Animals
	In vivo electrophysiology
	Hair cell preparation and in vitro electrophysiology
	NLC data analysis
	Statistical analyses

	Results
	Slc26a5499/+ heterozygous mice
	Slc26a5C1/− and Slc26a5C1/499 compound heterozygous mice

	Discussion
	References
	Fig. 1.
	Fig. 2.
	Fig. 3.
	Fig. 4.
	Fig. 5.

