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determined (Fig. 1). Here we report the struc- 

Redox Signaling in Chloroplasts: ture FTR. of This the last enzyme missing is the member central of the actor chain, that 

Cleavage of Disulfides by an transforms the electron signal received from 
ferredoxin to a thiol signal that is transmitted 
to thioredoxin. The results provide the struc- 

Iron-Sulfur Cluster tural framework for this mechanism. 
FTR is a unique enzyme, completely differ- 

Shaodong Dai,'* Cristina Schwendtmayer? Peter S~hiirmann,~ ent from the bacterial and mammalian thiore- 
S. Ramaswamy,'-t Hans Eklund'f doxin reductases, which are flavoproteins that 

use NADPH as reductant. FTR is an iron-sulfur 
Light generates reducing equivalents in chloroplasts that are used not only for enzyme, an ap heterodimer composed of a 
carbon reduction, but also for the regulation of the activity of chloroplast catalytic P subunit of 13 kD with conserved 
enzymes by reduction of regulatory disulfides via the ferred0xin:thioredoxin sequence between species and a variable a 
reductase (FTR) system. FTR, the key electron/thiol transducer enzyme in this subunit of similar size. The P subunit contains 
pathway, is unique in that it can reduce disulfides by an iron-sulfur cluster, a a redox-active disulfide and a [4Fe-4S] center. 
property that is explained by the tight contact of its active-site disulfide and Most biochemical investigations have been 
the iron-sulfur center. The thin, flat FTR molecule makes the two-electron done on the spinach enzyme, for which a care- 
reduction possible by forming on one side a mixed disulfide with thioredoxin ful study of the iron-sulfur center has been 
and by providing on the opposite side access to  ferredoxin for delivering performed (4). We have determined the struc- 
electrons. ture of FTR from Synechocystis sp. PCC6803. 

The Synechocystis FTR shows no fhctional 
Redox signaling and regulation has become the light, s,hulate the Calvin cycle and deac- difference from the spinach enzyme, but it is 
an area of increasing interest given that tran- tivate degradative pathways (2,3). The enzyme significantly more stable and can be obtained in 
scription, translation, apoptosis, and enzy- ferredoxin:thioredoxin reductase (FTR) is a larger amounts (5). The structure of the oxi- 
matic activity can be regulated in this way key component of this system. During light dized FTR was determined by multiple isomor- 
(I). This type of regulation was first de- reactions photosystem I reduces ferredoxin, phous replacement (MIR) with the help of mul- 
scribed for the activation of chloroplast en- which is used by NADP+:ferredoxin reduc- tiwavelength anomalous dispersion (MAD) 
zyrnes by light through the reduction of di- tase to produce NADPH for the carbon re- data collected on the iron edge for the iron- 
sulfides, thereby changing the metabolism to duction. The reduced ferredoxin is also used sulfur center. The structure has been refined at 
become anabolic (2). Thioredoxins are the by FTR to produce reduced thioredoxins, 1.6 A resolution (6). 
key transmitters of reducing equivalents to which activate fructose-l,6-bisphosphatase, The variable chain in FTR has an open 
target enzymes. sedoheptulose- l,7-bisphosphatase, and phos- P-barrel structure containing five antiparallel 

The photosynthetic machinery in plants and phoribulokinase of the Calvin cycle as well as strands (Fig. 2A). Two loops between the P 
other photosynthetic organisms produces re- other chloroplast enzymes by disulfide reduc- strands dominate the interaction area with the 
ducing equivalents; e.g., nicotinamide adenine tion (3). Recently the structures of several catalytic subunit. The structure of the vari- 
dinucleotide phosphate, reduced (NADPH), in members of this regulatory chain have been able chain of FTR is remarkably similar to 
the light reactions that together with the gener- 
ated adenosine 5'-triphosphate are necessary to 
reduce CO, to carbohydrates (2). Plants satisfy 
their energy needs through the light reactions 
of photosynthesis during light periods. The 
situation is quite different in the dark, when 
the plant must use normal catabolic processes 
as do nonphotosynthetic organisms. The stroma 

Ught 

in the chloroplasts contains both assimilatory 
enzymes of the Calvin cycle and dissimila- 
tory enzymes, which implies that there must 
be a light-sensitive control to balance these 
reactions. 

One such regulatory mechanism senses the 
light-dependent redox potential changes of the 
stroma and translates them into signals that, in 
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Fig. 2. (A) Modeling of the elec- heart shaped with the P barrel forming the main body and with two 
tron transport chain from ferre- loops forming the upper, outer parts of the heart. (8) Stereo view of 

doxin to  thioredoxin. FTR is an unusually thin molecule, a concave disk the active site of FTR. The irons of the iron-sulfur center are coordi-
with dimensions 40 A by 50 A but only 10 A across the center of the nated by cysteines 55, 74, 76, and 85 in  a normal cubane-type 
molecule where the iron-sulfur cluster is located. The disk-shaped struc- geometry. The active-site disutfide bridge between residues 57 and 87 
ture of the FTR allows docking of a ferredoxin on one side of the is in van der Waals contact with the iron center. The sulfur atom of 
rnolacble (red, t o  the left), while thioredoxin binds to  the other side and Cys87contacts the iron atom bound by Cysssand the sulfur atom of 
forms a heterodisulfide with the enzyme (yellow, to  the right). This C ~ S ~ ~ ,both of which are at 3.1 A distance. The closest sulfide ion 
intermediate can be reduced by an electron from a second ferredoxin of the cluster is 3.5 A away from C ~ S ~ ~ .Besides the active-site 
molecule. The iron-sulfur centers and disulfide bridges are shown in cysteines, Pro7' is also shown in  ball-and-stick models. Incoming 
ball-and-stick representation. The catalytic subunit of FTR (blue) has an electrons can pass from ferredoxin onto the main chain of Cys74to  
overall a-helical strudure with loops between the helices containing the the disulfide bridge by way of the iron center. The oxygen atom in  the 
iron-sulfur ligandsand redox-activecysteines. The variable subunit (green) is cis-peptide bond between Cys74and Pro7s is labeled. 

that of the PsaE protein, which is a stromal cluster, which might ensue from the observa- contacts the iron atom bound by C ~ S ~ ~ .C ~ S ~ ~  
subunit of photosystem 1(7,8). Two-thirdsof tion that most residues involved in subunit is at the molecular surface and should be the 
the variable chain (53 Ca atoms. of the two interaction are conserved. We have seen that nucleophile in thiol-disulfide exchange reac-
proteins) can be superimposed with a root- upon treatment of FTR with increasing con- tions during thioredoxin reduction. Hiss6 is 
mean-square (rms) fit of 1.3 A. The strandsof centrationsof urea or guanidine-HC1, the col- very close to the disulfide bridge and might 
the barrel are very similar in the two struc- or of the FTR disappears when the FTR increase the nucleophilicity of the cysteine. 
tures, while the loops differ. The similarities dissociates into subunits. Production of only In analogy to known mechanisms, the re-
of the variable subunit of FTR and PsaE are recombinant catalytic subunit yields neither duction of thioredoxin has been proposed to 
not reflected in sequence similarities nor in colored nor active protein. proceed by way of a mixed disulfide bond 
functional similarities. The proteins have no The irons of the iron-sulfur center (Fig. between thioredoxin and FTR (4). Such an 
common ferredoxin binding site, which 2B) are coordinated by cysteines 55, 74, 76, intermediate complex would cover one of the 
might have been anticipated. All conserved and 85 in a normal cubane-type geometry (9). sides of the flat FTR molecule, and the sec-
residues in the variable chain are either inter-
nal or glycines that are conserved for struc-
tural reasons, and residues in the interaction 
area with the catalytic subunit. 

The catalytic subunit has an overall a-he-
lical structurewith loops between the helices 
containing the iron-sulfur ligands and redox-
active cysteines (Fig. 2A). The N%-terminal 
half of the subunit, together with the COOH-
terminal residues, forms an a-helical cap on 
top of the iron-sulfur center, while the inter-
vening 40 residues contain all the iron ligands 
and redox-active cysteines. This part contains 
two additional short helices and intervening 
loops. 

The interaction between the catalytic and 
variable chains involves the very thin center 

The sulfur atoms of the liganding cysteines 
are hydrogen-bonded to main chain nitrogen 
atoms (10). None of the sulfide ions have a 
hydrogen bond to a protein atom. The iron 
center is surrounded exclusively by hydro-
phobic residues, all coming from the catalytic 
subunit. 

The sequence fingerprints for FTRs differ 
from those for other iron-sulfur proteins 
where the liganding cysteines are separated 
by at least two residues. The common bind-
ing motif for [4Fe-4S] clusters, the CXXC 
motif (11), is absent in FTR. Rather, all li-
gands are located in short sequence motifs 
CXC, which is a unique arrangementwith the 
fingerprint CXCxl6CXCxSCXC (cluster li-
gands in bold type). Both cysteines in the 

ond electron for the reduction should be de-
livered by the next incoming ferredoxin, 
which has to dock on the opposite side of the 
flat, disklike heterodimer. The structure of 
the FTR dimer suggests that the two separate 
essentia\ interaction surfaces for ferredoxin 
and thioredoxin involve both FTR subunits. 
The FTR heterodimer is an unusually thin 
molecule, a concave disk with only 10 A 
across the center of the molecule where the 
iron-sulfur center is located (Fig. 2A). One 
side of the iron-sulfurcenter is covered by the 
redox-active disulfide that reduces thiore-
doxin in a thiol-disulfide exchange reaction. 
FTR (as PsaE) is structurally similar to the 
SH3 domains, and the peptide binding site of 
the SH3 domain correspondsin FTR to a part 

of the molecule where only a small hydro- central CPC motif are ligands to the iron- of the binding site for thioredoxin. The op-
phobic core is formed. However, most of the sulfur center. In the other two motifs, the posite side of the disk has shape complemen-
interactions between the subunits occur be- liganding cysteines are connected to the re- tarity to the ferredoxin molecule (12). 
tween charged and polar residues that form dox-active cysteines in a CPC and a CHC The FTR molecule seems ideally suited 
hydrogen bonds. Practically all residues in motif. The latter cysteines in these motifs are for electron transfer between ferredoxin and 
the catalytic subunit that participate in sub- forming the disulfide bridge. The active-site thioredoxin(Fig. 2A). The iron-sulfur ligands 
unit interactions are strictly conserved. One disulfide bridge between residues 57 and 87 on the side of the disk-shaped FTR molecule 
important function of the variable subunit is in van der Waals contact with the iron that is complementary to ferredoxin are con-
seems to be the stabilization of the Fe-S center; primarily, the sulfur atom of Cyss7 nected by Pro75 (the only cis-proline in the 
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tase-substrate complexes (14). Furthermore, 
five-coordinated iron clusters show modified 
redox potentials (13) analogous to those 
found for FTR (4). For the FTR intermediate, 
the redox potential of the [4Fe-4S]3+,2+ cou- 
ple is lowered from +420 to -210 mV, 
which is in the same region as the redox 
potential for the active-site disulfide (4, 5, 
15). A similar lowering of redox potential by 
about 300 to 700 mV is observed for five- 
coordinated iron clusters compared with four- 
coordinated iron clusters (13). 

The one-electron reduced intermediate, 
with its nucleophilic thiol CysS7, is able to 
attack the disulfide bridge of thioredoxin to 
form a hetero-disulfide. The next electron 
delivered by a new ferredoxin molecule re- 
duces the iron-sulfur center back to its orig- 
inal oxidation state, thereby reducing the di- 
sulfide bridge between FTR and thioredoxin 
and releasing the fully reduced thioredoxin. 
Such a mechanism, which requires the simul- 
taneous docking of thioredoxin and ferredox- 
in, is entirely compatible with the disk-
shaped structure of FTR, which would allow 
docking of a second ferredoxin on one side of 
the molecule, while thioredoxin is bound to 
the other side by way of the intermolecular 
disulfide bridge (Fig. 2A). 

Note added in prooj Recently, the struc- 
ture of the redox-regulated target enzyme 
fructose- l,6-bisphosphate phosphatase was 
published (28). 

References and Notes 
1. C. Abate, L. Patel, F. j. Raucher, T. Currran, Science 

249, 1157 (1990); S. Xanthoudakis, C. C. Miao, T. 
Curran, Proc. Natl. Acad. Sci. U.S.A. 91, 23 (1994); j. 
Qin, G. M. Clore, W. M. Kennedy, J. R. Huth, A, M. 
Gronenborn, Structure 3, 289 (1995); J. Qin, G. M. 
Clore, W. P. Kennedy, J. Kuszewski, A. M. Cronenborn, 
Structure 4, 613 (1996); M. B. Hampton and S. Orre- 
nius, Biofactors 8, 1 (1998); C. K. Sen, Biochern. 

Pharrnacol. 55, 1747 (1998): A. Danon and S. P. 
Mayfield, Science 266, 1717 (1994); C. S. Levings Ill 
and J. N. Siedow, Science 268, 695 (1995). 

2. B. B. Buchanan, Annu. Rev. Plant Physiol. 31, 341 
(1980); Arch. Biochern. Biophys. 288, 1 (1991); 
, P. Schurmann, P. Decottignies, R. M. Lozano, 
Arch. Biochern. Biophys. 314, 257 (1994). 

3. 1.-P. Jacquot, 1.-M. Lancelin, Y. Meyer, New Phytol. 
136, 543 (1997). 

4. C. R. Staples et al., Biochemistry 35, 11425 (1996); 
C. R. Staples et al., Biochemistry 37, 4612 (1998). 

5. C. Schwendtmayer, W. Manieri, M. Hirasawa. D. B. 
Knaff, P. Schurmann, Proceedings of the Xlth lnter- 
national Congress on Photosynthesis, Budapest, 
Hungary, 17 to 22 August 1998, C. Carab, Ed. 
(Kluwer, Dordrecht, Netherlands, 1998), vol. 3, pp. 
1927-1930. 

6. Crystals were obtained by hanging drop vapor diffu- 
sion with equal volumes of concentrated protein (17 
mg/ml) containing 20 mM triethanolamine-HCI (pH 
7.3) and reservoir solution containing 2.0 M ammo- 
nium sulfate, 0.1 M NaAc (pH 5.1), and 100 mM 
MgCI,. These crystals belong to space group P4,2,2 
with cell constants a = b = 45.2 A and c = 172.6 A. 
MAD data at three wavelengths on the iron edge 
were collected on beamline BM14 at the European 
Synchrotron Radiation Facility, Grenoble, France. The 
images were processed with DENZO (76) and merged 
and scaled with AGROVATA from CCP4 programs 
(17). EMTS, UO,Ac,, and KAu(CN), derivative data 
were collected at BL-711, MAXI1 lab in Lund, Sweden. 
A 1.6 A native data set was collected at the 8W7B 
beamline at the European Molecular Biology Labora- 
tory. Desy, Hamburg. The R,,, was 0.05 for all data 
and 0.20 for the highest resolution shell (1.7 to 1.6 
A). The corresponding redundancy was 3.0 and 2.6, 
respectively. The four Fe sites and heavy-atom sites 
from three derivatives were refined together in 
SHARP (18) and MLPHARE (19). The initial MIR phas- 
es could be improved by solvent flattening, histogram 
matching, and skeletonization in DM (20). Models 
were constructed in program 0 (27). The FTR struc- 
ture was refined with REFMAC (22) at 1.6 A resolu- 
tion. Waters were added with the program ARP (23). 
The well-ordered protein atoms and the [4Fe-4S] 
cluster have been refined with restrained individual 
isotropic temperature factors. One hundred and for- 
ty-seven water molecules and one sulfate ion have 
been added. The R value for all reflections in the 
resolution range 15 to 1.6 A is 23% (R,:,, of 28%). 
Ninety-two percent of all residues are In the most 
favorable area and there are no residues in generous- 
ly allowed or disallowed regions (24). One cis-proline 
(Pro75) is located between the C ~ S ' ~  and Cys76 that 
are liganded to the [4Fe-4S] cluster. 

7. C. j. Falzone, H. Kao. 	J. Zhao, D. A. Bryant, j. T. 
Lecomte. Biochemistry 33, 6052 (1994); K. L. Mayer, 
C. Shen, D. A. Bryant, J. T. Lecomte, C. J. Falzone. 
Biochemistry 38, 13736 (1999). 

8. W. D. Schubert et al., j. Mol. Biol. 280,297 (1998): 0 .  
Klukas et al., j. Biol. Chem. 274, 7351 (1999); j.]. van 
Thor, T. H. Ceerlings, H. C. P. Matthijs, K. j. Helling- 
werf, Biochemistry 38. 12735 (1999). 

9. H. Beinert, R. H. Holm. E. Munck, Science 277, 653 
(1997); C. D. Stout, E. A. Stura, D. E. McRee, j. Mol. 
Biol. 278, 629 (1998). The positions of the atoms in 
the cluster deviate by an rms of 0.05 A from the 
atoms of the superimposed [4Fe-451 cluster of Azo- 
tobacter vinelandii ferredoxin (Protein Data Bank ac- 
cession code 6fdl). 

10. E. Adman, K. D. Watenpaugh, L. H. jensen. Proc. Natl. 
Acad. Sci. U.S.A. 72, 4854 (1975); C, Backes et al., 
j. Am.Chem. Soc. 113,2055 (1991); R. Langen, G. M. 
Jensen, U. Jacob, P. J. Stephens, A. Warshel, j. Biol. 
Chem. 267, 25625 (1992). 

11. j. B. Howard and D. C. Rees, Adv. Protein Chem. 42, 
199 (1991). 

12. The surfaces on both sides of the molecule are highly 
conserved. The potential ferredoxin interaction area 
contains three positively charged residues at about 
10 A from the cluster. Together with hydrophobic 
residues around the Fe-S cluster they form a docking 
area for the negatively charged ferredoxin. The thio- 
redoxin interaction area is different and contains 
more hydrophobic residues and three histidines, one 

s-

\ ,pro \ ,pro

I4Fe-4SlP (C55)S Ferredoxin (4Fe-4SIP (C55)S 


Fig. 3. The proposed mechanism of action of fei -redoxin:thioredoxin reductase. Modified from (4). 

structure) in one CPC motif. The main chain 
of this motif is exposed toward the ferredoxin 
side and provides excellent candidates for 
through-bond electron transfer from the 
bound ferredoxin to the iron-sulfur center 
(Fig. 2B). 

All other biological disulfide reactions oc- 
cur by means of flavoproteins or thiol-disul- 
fide exchange reactions. The close proximity 
of iron-sulfur cluster and disulfide is evident- 
ly a prerequisite for FTR's unique property of 
being able to reduce the disulfide by an iron- 
sulfur center. The disulfide that is adjacent to 
one iron atom of the cluster can pick up an 
electron delivered by ferredoxin to the iron- 
sulfur cluster of FTR but it can also attract 
one additional electron from the iron-sulfur 
center to break the disulfide bond. One of the 
cysteines, CysS7, becomes then the reactive 
thiol, while the second cysteine thiol is pro- 
tected by binding to the iron-sulfur cluster. 
Therefore, the one-electron reduction of FTR 
by ferredoxin surprisingly results in an oxi- 
dation of the [4Fe-4SI2' cluster to an [4Fe- 
4SI3+ cluster (4) (Fig. 3). Two structures for 
this intermediate stage have been suggested: 
with CysS7 covalently attached to the cluster 
either through an Fe atom or a sulfide ion (4). 
Staples et al. (4) favor an intermediate disul- 
fide of Cysp7 with the sulfide ion. The tight 
interaction by CysS7 with one of the irons of 
the cluster in the FTR structure instead im- 
plicates that CysS7 coordinates the iron in a 
five-coordinated cluster (Fig. 3). Although 
there is no example to our knowledge of a 
cysteine-sulfide bridge in an iron-sulfur clus- 
ter, there is some precedence for this type of 
pentacoordinated iron given that five-coordi- 
nated subsites of [4Fe-4S] clusters have been 
synthesized (13).Higher coordination of iron 
in iron-sulfur clusters occurs also for aconi- 
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Voltage- and Tension-Dependent 
Lipid Mobility in the Outer 
Hair Cell Plasma Membrane 

John 5. Oghalai, Hong-Bo Zhao, J. Walter Kutz, 

William E. Brownell* 


The mechanism responsible for electromotility of outer hair cells in  the ear is 
unknown but is thought t o  reside within the plasma membrane. Lipid lateral 
diffusion in  the outer hair cell plasma membrane is a sigmoidal function of 
transmembrane potential and bathing media osmolality. Cell depolarization or 
hyposmotic challenge shorten the cell and reduce membrane fluidity by half. 
Changing the membrane tension with amphipathic drugs results in similar 
reductions. These dynamic changes in membrane fluidity represent the mod- 
ulation of membrane tension by lipid-protein interactions. The voltage depen- 
dence may be associated with the force-generating motors that contribute t o  
the exquisite sensitivity of mammalian hearing. 

Membranes defme the boundaries of cells and 
maintain the electrochemical gradients required 
for life. In addition, the lateral wall plasma 
membrane of the mammalian cochlear outer 
hair cell (OHC) is involved in voltage-depen- 
dent changes in cell length, or electromotility 
(1). OHC electromotility is fundamental to the 
hearing sensitivity and selectivity of all mam- 
mals (2), but its mechanism is not known. 
Voltage-dependent changes in cell length must 
involve interactions between components of the 
plasma membrane and the cytoskeleton. We 
sought to investigate these lipid-protein interac- 
tions by measuring the fluidity of the phospho- 
lipid bilayer under three different experimental 
manipulations. We varied the membrane poten- 
tial, modulated the intracellular pressure, and 
added drugs known to change membrane ten- 
sion and curvature. 

The rate of lateral diffusion of intramem- 
brane lipids provides a measure of membrane 
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fluidity (3). Lipid lateral diffusion can be affect- 
ed by the phase state of the membrane, the 
individual types of membrane components 
(phospholipids, cholesterol, and protein), and 
their interactions (4). Guinea pig OHCs were 
isolated in vitro and stained with a fluorescent 
membrane lipid (di-8-ANEPPS) (5). We mea- 
sured the lateral diffusion of di-8-ANEPPS in 
the lateral wall plasma membrane with fluores- 
cence recovery after photobleaching (6 ) .  The 
diffusion coefficient of the lateral wall plasma 
membrane measured in this study ranged be- 
tween 1.34 X lop' and 7.16 X lop' cm2/s. 
These values are comparable to those previous- 
ly reported for the OHC and lie within the range 
of those reported for other eukaryotic mem- 
branes (5, 7). 

OHC membrane potential was controlled by 
voltage clamp during measures of lateral diffu- 
sion (8).Membrane fluidity was voltage-depen- 
dent, decreasing up to 51% with depolarization 
(Fig. 1A). Saturation of the diffusion coefficient 
occurred at the "'Itage extremes' 
measurements of the diffusion coefficient in 
single cells at -60 mV, 0 mV, and then again at 
-60 mV revealed the voltage-dependent
change in lateral diffusion to be reversible. The 
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average diffusion coefficient went from 4.26 X 
1 0 - 3  0.42 X lopy to 1.96 X + 0.33 X 

to 3.74 X lopy ? 0.55 X lop9 cmZ/s 
(mean + SEM; n = 4). The difhsion coeffi- 
cient in cultured rat hippocampal neurons (our 
control cells) did not change with changes in 
holding potential, going from 3.55 x + 
0.24 X cm2/s at -60 mV to 3.59 X 

lopy + 0.21 X 10-%m2is at 0 mV (mean + 
SEM: n = 9). 

Changes in membrane potential result in 
OHC length changes. Another way to change 
OHC length is to vary the intracellular pressure 
by changing the osmolality of the extracellular 
bathing media (9). Solutions with lower osmo- 
lality caused cell shortening and a decrease in 
the diffusion coefficient (Fig. 1, B and C). 
These effects were reversible, and both the cell 
length and the diffusion coefficient saturated at 
the osmotic extremes. The relation of cell 
length to membrane fluidity is exponential (Fig. 
ID). Deiters' cells (supporting cells in the co- 
chlea that co-isolate with OHCs) were used as 
controls. They underwent shape changes in re- 
sponse to osmotic challenge but had no change 
in their membrane diffusion coefficient. 

Finally, the plasma membrane was directly 
manipulated by applying amphipathic drugs 
known to change membrane tension and curva- 
ture in red blood cells (RBCs) and COS cell 
cultures (10). The bilayer-couple hypothesis 
(11) argues that drugs which alter membrane 
curvature preferentially partition into either the 
outer or the inner leaflet of the phospholipid 
bilayer, selectively increasing that leaflet's sur- 
face area. Differences between outer and inner 
leaflet area alter membrane tension and curva- 
ture. We applied a drug that bends membranes 
outward (salicylate) and another that bends 
membranes inward (chlorpromazine) to a prep- 
aration containing guinea pig OHCs and RBCs 
(Fig. 2) (12). Although we found the expected 
morphologic changes in RBCs, the drugs 
evoked no change in the microscopic appear- 
ance of the OHCs (n = 39). However, mea- 
surements of OHC lipid lateral diffusion did 
show an effect of drug application (Fig. 2F). 
The presence of salicylate alone or chlorprom- 
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