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Cochlear outer hair cells (OHCs) are responsible for the exquisite
sensitivity, dynamic range, and frequency-resolving capacity of the
mammalian hearing organ. These unique cells respond to an
electrical stimulus with a cycle-by-cycle change in cell length that
is mediated by molecular motors in the cells’ basolateral mem-
brane. Recent work identified prestin, a protein with similarity to
pendrin-related anion transporters, as the OHC motor molecule.
Here we show that heterologously expressed prestin from rat
OHCs (rprestin) exhibits reciprocal electromechanical properties as
known for the OHC motor protein. Upon electrical stimulation in
the microchamber configuration, rprestin generates mechanical
force with constant amplitude and phase up to a stimulus fre-
quency of at least 20 kHz. Mechanical stimulation of rprestin in
excised outside-out patches shifts the voltage dependence of the
nonlinear capacitance characterizing the electrical properties of the
molecule. The results indicate that rprestin is a molecular motor
that displays reciprocal electromechanical properties over the en-
tire frequency range relevant for mammalian hearing.

O uter hair cells (OHCs) of the mammalian cochlea exhibit
the unique property of actively changing their cell length in
response to changes in the membrane potential (1-3): the cell
shortens upon depolarization and lengthens when hyperpolar-
ized. This electromotility occurs at acoustic frequencies (4, 5)
and is believed to provide a basis for the cochlear amplifier, a
local mechanical amplification mechanism within the organ of
Corti (6), that enables the high sensitivity, dynamic range, and
frequency selectivity of hearing in mammals.

The mechanism underlying electromotility has been tracked
down to an intrinsic property of the OHC basolateral membrane:
(i) OHC motility is directly driven by the transmembrane voltage
and is independent of Ca?" influx or ATP supply (7, 8); (i) it
works in a cycle-per-cycle mode at frequencies up to at least 70
kHz, faster than any other biological force generator including
myosin or kinesin (4, 5, 9); (iii) it is accompanied by a charge
movement (or gating current) that can be measured as a
nonlinear capacitance (Cponiin) and shares voltage dependence
and a panel of antagonists with the motility itself (10-12); and
(iv) changes in mechanical membrane tension cause a shift of
Chonlin 2long the voltage axis (13-15).

These findings have led to the hypothesis of an integral
membrane protein, termed the motor protein, as the molecular
element underlying fast OHC motility (7, 16). In response to
changes in the transmembrane voltage, the motor protein is
thought to undergo a structural rearrangement that changes its
area in the plasma membrane (17, 18). As a result of the
concerted action of a large number of motor molecules supposed
to be densely packed in the OHC basolateral membrane (19), the
cell changes its length by up to 5%. In this concept, the voltage
dependence of electromotility is brought about by a charged
voltage sensor within the motor protein that translocates upon
changes in membrane potential and thus initiates the confor-
mational change generating mechanical energy. In turn, a
change in mechanical energy will act back onto the movement of
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the protein’s voltage sensor, which will result in a shift of Cyoniin
on the voltage axis (18). Therefore, the motor protein is thought
to exhibit quasi-piezoelectrical properties: it generates mechan-
ical force upon electrical stimulation and changes its electrical
properties upon mechanical stimulation.

Using a differential cloning strategy, Dallos and coworkers
(20) recently have identified the cDNA of a so-far unknown
protein from gerbil called prestin, that is specifically expressed
in OHCs and shows homology with the family of pendrin-related
anion transporters. When expressed in a mammalian cell line,
prestin showed hallmarks of the OHC motor protein, including
voltage-dependent Cponin and cell motility upon electrical
stimulation.

The landmark cloning of prestin now allows testing of the
concept of a single protein working as a bidirectional converter
of electrical and mechanical energy in the absence of the highly
specialized membrane-associated structures of the OHC (21) or
of the specific lipid composition of its membrane.

Here we investigate reciprocal electromechanical properties
of the rat homologue of prestin (rprestin) by using force mea-
surements in the microchamber configuration with stimulus
frequencies in the tens of kHz range and recording of Cponiin in
excised patches under variation of the membrane tension.

Materials and Methods

Molecular Biology. Several oligonucleotide primers were deduced
from a murine bacterial artificial chromosome clone (derived from
chromosome 5; GenBank accession no. AC083284) that comprises
most of the mouse prestin gene and was retrieved by a database
search using the gerbil prestin sequence (20). When used in PCR
experiments with rat cochlea-cDNA as template, these primers
amplified a short fragment of the rprestin cDNA (nucleotides
70—-470; numbers referring to the rprestin coding region). Using this
sequence stretch as an anchor, 5’ and 3’ rapid amplification of
cDNA ends protocols were applied to isolate further rprestin
fragments from a rat cochlea cDNA library (22, 23). Together, the
fragments covered a total of 3,041 nt, including the complete coding
sequence of rprestin (GenBank accession no. AJ303372).
Overlapping 5’ and 3' fragments of the rprestin coding
sequence were combined by using a PCR-based overlap exten-
sion (24); recognition sequences for BamHI and HindIII were
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Fig. 1. Amino acid sequence of rprestin and localization of its N and C termini to the cytoplasmic side. (A) Sequence comparison between the prestin molecules
from rat and gerbil (gprestin); identical residues are indicated by dots, residues different between both sequences are given in red. (B) Hydropathy plot for
rprestin calculated from the algorithm by Kyte and Doolittle with an amino acid window of 12 residues. Hphobic, hydrophobic; Hphilic, hydrophilic. (C)
Antibodies to HA (HA-AB) and GFP (GFP-AB) bind to their targets fused to the N terminus (HA) and C terminus (GFP) of rprestin (Nya-rprestin-Cgrp) only if OK
cellswere permeabilized (Upper); no binding is observed in nonpermeabilized cells (Lower). Images for either experiment are GFP fluorescence, cy-3 fluorescence
indicating staining of HA-AB or GFP-AB, and overlay of both. (Scale bars are 10 um.)

introduced at the 5’ and 3’ ends for subcloning and nucleotides ~ rprestin sequence) and HindIIl sites, yielding pBK-CMV-
—5 to —1 were changed to match the Kozak consensus-sequence  rprestin-Cgrp and pBK-CMV-Nya-rprestin-Cgrp, respectively.
for translation initiation (25, 26). The final PCR product was
ligated into the eukaryotic expression plasmid vector pPBK-CMV  Immunocytochemistry. Opossum kidney (OK) cells (American
(cytomegalovirus) (Stratagene), yielding pBK-CMV-rprestin.  Type Culture Collection) were grown and transfected as
GLUTS5 cDNA was subcloned into pBK-CMV by using restric-  described (27). For immunocytochemistry, cells were fixed in
tion digest to yield pPBK-CMV-GLUTS. 4% paraformaldehyde in PBS for 15 min at 4°C and blocked
N- and C-terminal fusion constructs were made as follows: (i) ~ with 10% normal goat serum (NGS) in PBS containing 0.05%
the N-terminal hemagglutinin (HA)-tagged rprestin expression ~ Triton X-100 (PBS-T) for 1 h at room temperature. Subse-
construct (pBK-CMV-Nya-rprestin) was obtained by ligating a  quently, cells were incubated with the following primary
double-stranded oligonucleotide encoding the HA tag (AYPY-  antibodies: mouse monoclonal anti-GFP (CLONTECH),
DVPDY) carrying Spel and BamHI-compatible protruding ends ~ mouse monoclonal anti-HA (Santa Cruz Biotechnology), and
into Spel/BamHI-digested pBK-CMV-rprestin; (if) the green  rabbit polyclonal anti-GLUTS5 (Chemicon), each diluted at
fluorescent protein (GFP)-mut3 coding sequence was fused to  1:200 in 2% NGS/PBS-T.
the 3’ end of rprestin by using PCR-based overlap extension. The Immunoreactivity was revealed by cy-3-conjugated anti-
PCR product was reinserted into pBK-CMV-rprestin and pBK-  mouse antiserum. For investigating the topology of the N and C
CMV-Npa-rprestin by using Bst1107I (nucleotide 1557 in the  termini of rprestin, experiments were repeated without mem-
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Fig.2. Gating charge movement measured as Cponiin in CHO cells expressing
rprestin. (A) Chonlin measured with the phase-tracking technique in response to
avoltage ramp from —120 to 70 mV. Line is fit of Eq. 1 to data with values for
the fit parameters of —66.3 mV (V32), 33.3 mV (a), and 58.6 fC (Qmay)- (Inset)
Chonlin measured in an excised outside-out patch in response to a voltage ramp
from —160 to 30 mV; data are average of four ramp recordings, fit parameters
were —69.5 mV (V15), 34.3 mV (a), and 1.4 fC (Qmax). (B and C) Values of Vi,
and slope obtained for Choniin in experiments as in A from CHO cells expressing
rprestin either alone or together with GLUT5 (expression verified by a GLUT5-
specific antibody); data are mean = SD of 16 and 7 experiments, respectively.
V472 and slope values obtained from rat OHCs of postnatal stages P2 and P11
are included for comparison.

brane permeabilization. To this end, either living cells were
incubated with the primary antibody (diluted at 1:200 in me-
dium) for 40 min at 4°C and fixed only before secondary antibody
incubation or fixed cells were stained following the above
protocol, omitting Triton X-100. Samples were imaged with a
confocal laser scanning microscope (LSM 510, Zeiss).

Electrophysiology. For electrophysiological experiments, the ex-
pression plasmids pBK-CMV-rprestin, pBK-CMV-rprestin-
Cgrp, and pPBK-CMV-GLUTS (GenBank accession no. D28562)
were injected into Chinese hamster ovary (CHO) cells by using
a microinjector (Transjector 5246, Eppendorf), or were trans-
fected to CHO cells, OK cells, or human embryonic kidney
(HEK) 293 cells with the effectene transfection reagent (Qiagen,
Hilden, Germany). Recordings from OHCs were performed by
using acutely isolated organs of Corti from rats, as described
(28). Whole-cell patch-clamp recordings were done with an
Axopatch 200B amplifier (Axon Instruments, Foster City, CA)
at room temperature (21-24°C). Electrodes were pulled from
quartz glass, had resistances of 2-3 M(), and were coated with

4180 | www.pnas.org/cgi/doi/10.1073/pnas.071613498

Sylgard. Whole-cell series resistances ranged from 2.4 to 8§ M().
For recordings on culture cells and for outside-out patch exper-
iments, electrodes were filled with a solution containing: 135
mM KCl, 3.5 mM MgCl,, 0.1 mM CaCl,, 5 mM K;EGTA, 5 mM
Hepes, mM 2.5 Na,ATP. For OHC whole-cell recordings, the
composition of the pipette solution was: 125 mM KCl, 20 mM
tetraethylammonium-chloride, 3.5 mM MgCl,, 0.1 mM CacCl,, 5
mM KoEGTA, 2.5 mM Na,ATP, 5 mM Hepes, pH adjusted to
7.3 with KOH. During recordings the bath was continuously
perfused with a solution containing: 144 mM NaCl, 5.8 mM KCl,
1.3 mM CaCl,, 0.9 mM MgCl,, 10 mM Hepes, 0.7 mM Na,HPO,,
5.6 mM glucose, adjusted to pH 7.3 with NaOH. Osmolarity of
all solutions was adjusted to 305 = 2 mOsm with glucose.
Outside-out patches were excised from transfected cells or from
the lateral membrane of OHC:s after a quick test for Cyoniin in the
whole-cell mode. Pressure of variable amplitude was generated
with the Eppendorf microinjector (regulated output) and ap-
plied to the recording pipette via a hand-switched valve; the
pressure output displayed by the microinjector was monitored
and used in pressure-capacitance relations (see Fig. 4C).

Voltage-dependent capacitance was measured by using a
software-based lock-in technique (phase tracking) as described
(29, 30). Briefly, after manual compensation of membrane
capacitance (Cp,), lock-in phase angles, yielding signals propor-
tional to changes in C,, and conductance, were calculated by
dithering the series resistance by 0.5 MQ. The capacitance
output was calibrated by a 100-fF change of the Cy, compensa-
tion setting. Command sinusoid (f = 1-5 kHz, usually 2.6 kHz;
10 mV) was filtered at 2.5 f with an 8-pole Bessel filter, and 16
periods were averaged to generate each capacitance point. To
obtain the voltage dependence of C, voltage ramps ranging
from —120 to + 70mV or —160 to +30 mV (slope 0.16 Vs1)
were summed to the sinusoid command during capacitance
measurements. Scaled capacitance traces induced by the voltage
ramp were plotted versus membrane voltage. Capacitance was
fitted with the derivative of a Boltzmann function (11),

Qmax

V=T V—="T1p 2> [1]
e « l+e a

where Cj;, is residual linear membrane capacitance, not com-
pensated for by the C,, compensation circuit of the amplifier,
is membrane potential, Omax IS maximum voltage sensor charge
moved through the membrane electrical field, V1, is voltage at
half-maximum charge transfer, and « is the slope factor of the
voltage dependence.

Processing and fitting of data were performed with IGORPRO
(WaveMetrics, Lake Oswego, OR) on a Macintosh PowerPC; all
data are given as mean * SD.

C(V)=Cyy +

Force Measurements. Electromechanical forces generated by
rprestin in transfected cells (HEK 293, CHO) were measured as
described (5). Briefly, solitary cells were sucked into a heat-
polished glass capillary, termed the microchamber (31), with an
opening diameter between 10 and 13 um. Transfected cells could
be easily distinguished from nontransfected cells because of the
strong fluorescence of rprestin-Cgrp (see Fig. 3). The glass
capillary and the bath chamber were filled with Hanks’ balanced
salt solution (Sigma, supplemented with NaHCO3; and 10 mM
Hepes), adjusted to 300 mOsm and pH 7.4. Force was derived
from the velocity of an atomic force lever (AFL; Nanosensors,
Wetzlar-Blankenfeld, Germany), the reverse side of which was
gently placed against the exposed surface of the cell (see Fig. 3);
the contact area was 170-300 pwm?. All AFLs had spring con-
stants around 0.03 N/m and were calibrated before the first

Ludwig et al.
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Fig. 3.

Mechanical force generated by rprestin in response to electrical stimulation. (A) Experimental configuration with a transfected HEK293 cell sucked

roughly halfway into the microchamber and the AFL placed close to it (Left); during actual measurements the AFL directly contacts the cell surface; (Right)
epifluorescence of the same image indicating membrane expression of rprestin-GFP. (B) Amplitude and (C) phase of the mechanical force exerted on the AFL
as a result of the electromechanical action of rprestin. Data points are from three individual experiments on CHO (m and @) or HEK293 cells (A) transfected with
rprestin-Cgep; results from a mock-transfected CHO cell are given as control (O). Note that amplitude and phase are almost constant over the measured frequency
range. (D) Effect of salicylate added to the bath on the rprestin-mediated force generation. Data points are for phase before (O), during (w), and after (®) addition
of 10 mM salicylate to the bath; amplitudes were reduced by a factor of ~2.5 over the entire frequency range (data not shown). The signal-to-noise ratio above

1 kHz was 18 dB before application and 10 dB in the presence of salicylate.

measurement, to determine the mechanical impedance, ZarL
(32). The velocity of the AFL, Vap1, in response to the electrical
stimulation of the cell was measured with a laser Doppler
vibrometer (Polytec 302, Waldbronn, Germany) focused on the
AFL. The force exerted by the cell on the AFL was calculated as
VarL * ZarL. This is an underestimate of the force produced by
the cell because the mechanical impedances of the cell, Z¢, and
AFL were similar. The former was determined by vibrating the
microchamber with known velocity, Vcap, measuring the result-
ing VapL with the laser Doppler vibrometer and calculating Z¢
= ZarL * VarL/(Vcap — VarL). This impedance measurement
was made for a limited number of cells; the mean spring constant
was 0.032 = 0.016 N/m (n = 4). In other words, the electrome-
chanical force produced by the cell was, on average, about twice
that exerted on the AFL. Force data were not corrected for this
factor. Forces below 1 pN could be detected with an averaging
time of 8 s. Electrical stimuli were applied to an Ag/AgCl
electrode in the microchamber with the reference electrode in
the bath chamber. Stimuli were composed of a multitone com-
plex of 58 sinusoids (9.1 spectral points per octave) of equal
amplitude and random phase. All data shown are for a voltage
amplitude of 10 mV per sinusoid. The electrical resistance of the
microchamber for low frequencies (< 500 Hz) was, on average,
0.39 = 0.04 MQ (n = 6) without cell and 3.54 = 1.87 MQ
(n = 16) with cell.

Results

Cloning rprestin. The rprestin full-length coding sequence as
obtained with PCR-based techniques from a rat cochlea-specific
cDNA library consists of 2,232 nt, encoding a polypeptide of 744
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residues (Fig. 14). Comparison with gerbil prestin (gprestin)
indicated that the derived amino acid sequence of rprestin is
96.4% identical with gprestin, differences in sequence only occur
in the distal N and C termini. When analyzed for hydrophobicity
with the Kyte and Doolittle algorithm, rprestin presents with an
overall hydrophobic core region that is flanked by mostly
hydrophilic N and C termini (Fig. 1B).

To test for its subcellular distribution and localization of the
hydrophilic N and C termini, rprestin was fused to the GFP and
tagged with the HA tag (Npa-rprestin-Cgrp). As shown by
confocal fluorescence microscopy for expression in OK cells
(Fig. 1C), rprestin was localized predominantly to the plasma
membrane as recently reported (20, 33). Moreover, the N-
terminal HA tag as well as the C-terminally fused GFP were
accessible to the respective antibody only after permeabilization
of the cells, whereas no staining was observed in nonpermeabi-
lized cells (Fig. 1C). These findings localize N and C termini of
rprestin to the cytoplasmic side of the membrane.

Electromechanical Properties of rprestin. Functionality of heterolo-
gously expressed rprestin was assessed with two methods: (i) by
examining the expected voltage-dependent charge movement and
(if) by examining the ability to generate electromechanical force.

Charge movement was probed with the phase-tracking tech-
nique, a highly sensitive lock-in technique for direct measure-
ment of membrane capacitance (34, 35). As shown in Fig. 24,
rprestin-expressing cells exhibited a bell-shaped Cponiin in re-
sponse to the transmembrane voltage ramped from —120 to 70
mV. This Cyoniin, Which was observed in all cells injected with the
rprestin-Cgrp fusion construct, was well fitted with the derivative
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of a first-order Boltzmann function that describes the Cioniin
observed in OHCs (Eq. 1; ref. 11). For rprestin-Cggp, such fits
yielded values for Vi, «, and Qpmax of —75.5 = 9.1 mV, 35.5 =
2.3 mV, and 81.4 = 44.8 {C, respectively (n = 16). These values
were not affected by the fused GFP (values for rprestin were
—69.7 £ 19.7 mV, 349 = 55 mV, and 67.2 £ 51.3 {C for Vi,
a, and Omay, respectively; n = 6); V12 and a were independent
of whether Cponiin Was recorded in excised outside-out patches or
in whole-cell patch-clamp configuration (Fig. 24 Inset; values for
rprestin-Cgpp in outside-out patches were —71.9 = 30.1 mV,
32.0 = 4.8mV, and 0.8 = 1.3 fC for V12, o, and Omayx, respectively
(n = 19)). Equivalent data where obtained from transfected OK
and HEK 293 cells. Moreover, Qmax, @, and V,, were indepen-
dent of the stimulus frequency used for phase tracking (1-5 kHz;
data not shown). Fig. 2 B and C illustrates close agreement
between the values characterizing Cponiin mediated by rprestin in
CHO cells and those obtained for the motor protein-mediated
Chonlin in rat OHCs. Moreover, slope («) and V7, of rprestin-
mediated Cponiin Were not affected by coexpression of the
fructose transporter GLUTS that was suggested to be part of the
motor protein complex (refs. 36 and 37; Fig. 2C).

Together, these results show that rprestin-mediated Cponiin 1S
virtually identical with the Cponin mediated by adult OHCs,
although the maximum charge and charge density were lower in
injected cells by roughly a factor of 10.

For the purpose of examining the ability of rprestin to produce
electromechanical force, transfected cells were sucked into a
microchamber and mechanical force was determined with an
AFL placed onto the protruding end of the cell (Fig. 34). In this
configuration, rprestin resulted in forces of up to 3 pN upon
stimulation with voltage sinusoids of 10 mV in the frequency
range of 0.2 to 20 kHz (see Materials and Methods). Fig. 3 shows
representative results from experiments with transfected CHO
and HEK 293 cells. The amplitude of the rprestin-mediated force
was largely constant over the entire frequency range (Fig. 3B).
Similarly, the phase of the mechanical force relative to the
electrical stimulus was constant over the whole frequency range
and exhibited values roughly around —180° (Fig. 3C). This means
that, like the OHC motor, rprestin generates a contractile force
upon depolarization of the membrane (5). Interestingly, mock-
transfected cells also caused displacement of the AFL, probably
due to movement of charged structures in the electrical field.
However, the force derived for these cells was always lower in
amplitude and the phase was 0° (control in Fig. 3 B and C).

To further test the specificity of the rprestin-mediated force
response, its sensitivity to salicylate, known to reduce OHC
motility (11, 38), was probed. As shown in Fig. 3D, the phase was
reversibly shifted toward 0° by 10 mM salicylate applied to the
bath medium; the amplitude was reduced by a factor of ~2.5 on
the entire frequency range (data not shown). Salicylate did not
affect phase or amplitude of the motility in mock-transfected
cells (data not shown).

These results indicate that rprestin expressed in culture cells
is able to generate mechanical force upon electrical stimulation
with characteristics very similar to those observed for the OHC
motor protein.

Mechanoelectrical Properties of rprestin. rprestin was probed for
reciprocal electromechanical properties known for the OHC
motor protein (13-15) by examining the effect of membrane
tension on the nonlinear charge movement. This was done by
measuring Choniin in excised outside-out patches while varying
membrane tension by application of a pressure of 40 hPa through
the recording pipette. As shown in Fig. 4, pressure application
reversibly shifted Cyhoniin along the voltage axis toward more
depolarized potentials. Thus, the voltage required for half-
maximal charge movement (V/3,2) was changed by the increase in
membrane tension by 20.6 = 9.4 mV (n = 6). In contrast, the
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Fig. 4. Shift of the rprestin Choniin in response to mechanical stimulation. (A)
Chonlin Mmeasured in an excised outside-out patch before (gray trace) and
during (black trace) application of 40 hPa to the back of the recording pipette.
(B) V42 values of Choniin determined from ramped phase-track recordings
plotted as a function of time; application of 40 hPa is indicated by horizontal
bars. Note the reversible shift in V;/; induced by the increase in membrane
tension. (C) Pressure-induced shift in V3, (AV4/;) of rprestin Choniin is identical
to the AVy,; obtained from OHCs. AV, for rprestin is given as mean =+ SD from
five experiments with 40-hPa pressure application to outside-out patches (m;
given as mean pressure = SD, see Materials and Methods); the AV, values
obtained from outside-out patches of five OHCs at various pressure applica-
tions are given as individual data points (®). Line is fit of a regression line
through the origin to the OHC data; slope of the line is 0.48 mV/hPa.

slope factor («) characterizing the voltage dependence of Cronlin
remained essentially unchanged (Fig. 44). These results on
pressure-induced shift in V7, are in close agreement with the
respective pressure-Al, relation obtained in patches excised
from adult rat OHCs (Fig. 4C). Under identical conditions, the
V12 value of OHC Chponiin increased upon pressure application
with a slope of 0.48 mV/hPa (line in Fig. 4C). These results
indicate that translocation of the rprestin voltage sensor is
directly coupled to the mechanical tension of the plasma
membrane.

Discussion

The results presented here demonstrate that rprestin is able to
act as a molecular motor that reproduces the quasi-
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piezoelectrical properties conceptually assigned to the motor
protein of OHCs (7, 18). Thus, rprestin generates force upon
electrical stimulation at stimulus frequencies of up to at least 20
kHz (Fig. 3), and translocation of its charged voltage sensor
occurring in the same frequency range is coupled to the me-
chanical properties of the plasma membrane (Fig. 4).

In particular, the results strongly support the concept of a
single protein working as an electromechanical transducer, as
suggested by Zheng et al. (20). Accordingly, our experiments
show that reciprocal electromechanical properties of rprestin did
not require the particular environment provided by OHCs,
including the highly specialized cytoskeleton (21). These com-
ponents are supposed to be missing or to be at least different in
the culture cells used for heterologous expression of rprestin
(including CHO, HEK293, and OK cells). Moreover, cytoskel-
etal elements certainly disturbed in excised patches were not
required for mechanical coupling of Cyoniin to membrane tension
(Fig. 4). It should be added, however, that cytoskeleton and/or
cell shape seemed to be important in our experiments for
effective conversion of molecular events to the force detected by
the AFL; thus, the amplitude of the rprestin-generated force was
impaired when cells were protease-treated for detachment from
their support before experiments as in Fig. 3.

Moreover, there is no indication that functional rprestin
might require further molecular components or additional
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subunits, given that all characteristics of the molecule faith-
fully reproduce the properties of the OHC motor. Coexpres-
sion of GLUTS, a fructose transporter recently suggested to
participate in a putative motor protein complex (37), did not
affect the electrical properties of rprestin as indicated by the
unchanged Choniin (Fig. 2C).

Although rprestin is very likely to represent the force-
generating motor of OHCs, the actual molecular process(es) that
“work the work” remain largely unknown. Namely, the voltage
sensor of the protein, as well as the domains undergoing
structural rearrangements that change the molecule’s area in the
membrane, await identification. Furthermore, the variation in
the Vi, value of Choniin Observed in patches excised from
rprestin-expressing cells (Fig. 2B) is likely to correspond to a
regulation phenomenon observed during hair cell development
(Fig. 2B; ref. 28) and in adult OHCs (39). The underlying
mechanisms remain to be addressed at the molecular level.
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