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Myosin Vlla as a Common Component
of Cilia and Microvilli
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The distribution of myosin Vlla, which is defective or absent in Usher syndrome
1B, was studied in a variety of tissues by immunomicroscopy. The primary aim
was to determine whether this putative actin-based mechanoenzyme is a common
component of cilia. Previously, it has been proposed that defective ciliary function
might be the basis of some forms of Usher syndrome. Myosin Vlla was detected in
cilia from cochlear hair cells, olfactory neurons, kidney distal tubules, and lung
bronchi. It was also found to cofractionate with the axonemal fraction of retinal
photoreceptor cells. Immunolabeling appeared most concentrated in the periphery
of the transition zone of the cilia. This general presence of a myosin in cilia is
surprising, given that cilia are dominated by microtubules, and not actin filaments.
In addition to cilia, myosin Vlla was also found in actin-rich microvilli of different
types of cell. We conclude that myosin Vlla is a common component of cilia and
microvilli. Cell Motil. Cytoskeleton 40:261-271, 19980 1998 Wiley-Liss, Inc.
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INTRODUCTION deafness. They include deficient olfaction [Zrada et al.,

Usher svndrome describes a aroup of inheritel 96], decreased sperm motility [Hunter et al., 1986],
. y ; group : ahnormal nasal cilia [Arden and Fox, 1979], bronchitis
blindness-deafness disorders, resulting from retinal a

. . onneau et al., 1993], and asthma [Baris et al., 1994].
cochlear degeneration. Usher syndrome 1B is caused Yhough it is unclear from these reports whether the

dﬁfecr;[\s/ ;::I t:el r?]eneiner:/(\:/oﬁm? :nyfsg]s V_II_I;?’ rarz Iarigﬁsher patients tested included those with the type 1B
unconventional myosin [Weil et al., ]. The YOSIRyhdrome (but note that type 1B patients make up 75% of

Vila gene is also defective in shaker-1 (shl) mic . o
[Gibson et al., 1995; Mburu et al., 1997]. Myosin VIIaisgg type 1 patients and 50% of all Usher syndrome

resent in the inner and outer hair cells of th i tients), it is noteworthy that these other abnormalities
prese € Inner and outer hair Celis ot the cochiea ang |4 4| result from defective cilia. Indeed, it has been

in the photoreceptor cells and pigmented epithelium . : :
the retina. In the cochlear hair cell, it has been detectedglnoloosed anumber of times previously that dysfunctional

the stereocilia, cuticular plate, and cell body [Hasson et

al., 1995; El-Amraoui et al., 1996; Hasson et al., 1997a].
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cilia could be the basis of some types of Usher syndromrsegments were collected by centrifugation, resuspended
[e.g. Arden and Fox, 1979; Hunter et al., 1986; Barrong &t buffer A (2% Triton X-100, 5 mM MgG, 1 mM
al., 1992; Zrada et al., 1996]. As myosin Vlla has noGTA, 1 mM DTT, 24 uM leupeptin, 0.2 mM PMSF, 20
been detected in the cilia of photoreceptor cells [Liu et amM Tris, pH 7.4, 4°C), and added to the top of a layer of
1997], this suggestion warrants further attention. 50% (w/w) sucrose in buffer A, which had been laid on
Accordingly, in the present study, we have adop of a 50—-60% (w/w) sucrose gradient in buffer A [cf.
dressed the question of whether myosin Vlla is a comméiteischman et al., 1980; Horst et al., 1987]. Fractions
component of cilia. We have investigated ciliated celidl ml) of the gradient were collected and placed in boiling
from different tissues, and demonstrate that myosin VIBDS-PAGE sample buffer. After transblotting, as above,
is indeed present in a variety of cilia, including thémmunoreactivity to acetylated-tubulin and myosin
kinocilia of hair cells. Our results are therefore consisteMila antibodies was determined, using chemilumines-
with a common ciliary defect as the primary cause farence of the Western blots and densitometric scanning of
disparate abnormalities in Usher syndrome 1B. Howevéhe resulting image. Thus, the relative amounts of acety-
we also found myosin Vila in many types of actin-ricHated a-tubulin and myosin Vlla in each fraction was
microvilli, often in association with the cilia, so that themeasured. By also testing standard amounts of purified
protein appears to be a common component of both theégbulin and recombinant 1-1075 amino acids of human
subcellular structures. myosin Vlla [Liu et al., 1997], we determined that the
density of chemiluminescence labeling was proportional
to the amount of protein in the band, over the range of

MATERIALS AND METHODS protein amounts in our samples.

Antibodies

Myosin Vlla antibodies were generated and purifieimunoelectron Microscopy
as described by Liu et al. [1997]. In the present paper, we  Tissues, except cochleas, were removed from adult
used antibodies made against a recombinant prote@s7BL/6 mice and fixed in 0.2—0.5% glutaraldehyde and
corresponding to amino acids 941-1071 of mouse myosin4% paraformaldehyde in 0.1 M phosphate buffer (pH
Vlla. The antibody used in all figures presented in thig.4) for 2 h atroom temperature. Cochleas were obtained
paper is the one referred to as pAb 2.2 in Liu et al. [199%om mice at postnatal day 5 and fixed in periodate-lysine-
A monoclonal antibody against acetylatedubulin was paraformaldehyde fixative [McLean and Nakane 1974]
given to us by Dr D. Asai [Schultze et al., 1987], and ifor 3 h at4°C. The tissue was dissected into small pieces
the same used to label photoreceptor cilia in Arikawa ar@ﬁijring fixation. Fixed pieces were embedded in L.R.
Williams [1993]. A monoclonal antibody (MAb) againstwhite, and polymerized at 60°C for 24 h or at 4°C under
chicken gizzard actin [Lessard, 1988] was given to us hjftraviolet (UV) light for 50 h.
Dr. J. Lessard. Ultrathin sections (60—70 nm) were collected on
Formvar-coated nickel grids. Sections were first etched
with saturated sodium periodate (Sigma Chemical Co.,
Tissues were prepared for Western blots of cochl&i. Louis, MO) then blocked with 4% bovine serum
and olfactory epithelium from C57BL/6 mice. They weralbumin (BSA) in phosphate-buffered saline (PBS) for 30
dissected, homogenized, and placed in boiling sodiumin. The primary incubation was carried out with myosin
dodecyl sulfate-polyacrylamide-gel electrophoresis (SD814la antibodies in PBS containing 1% BSA, overnight at
PAGE) sample buffer (62.5 mM Tris buffer, 10% glyc-4°C. The grids were rinsed with PBS, and then incubated
erol, 2% SDS, pH 6.8). Kidneys from control and mutarnwith goat anti-rabbit 1gG conjugated to 10-nm gold
shaker-1 micegh 62658 mice were prepared in the samg¢Amersham) at a dilution of 1:30, in PBS with 1% BSA
way by Dr. Karen Steel (Nottingham, UK), who therfor 1 h. Alternatively, sections were preincubated with
shipped the samples to us in the United States. 0.1% Tween 20 in PBS, blocked with 50 mM NEl,, in
Proteins were separated by SDS-PAGE, transferrB@8S and 0.5% fish gelatin (Sigma) plus 0.1% ovalbumin
electrophoretically to Immobilon-P, blocked, and probe(Sigma) in PBS, and incubated with goat anti-rabbit IgG
with primary and secondary antibodies. The latter wa®njugated to nanogold (Nanoprobes, StonyBrook, NY),
conjugated to alkaline phosphatase, so that labeling wdikited in 0.1% ovalbumin, 0.5% fish gelatin, 0.01%
detected by the formation of the insoluble product ofween 20, 0.5 M NaCl in 10 mM phosphate buffer, pH
5-bromo-4-chloroindoyl phosphate hydrolysis. 7.3. In this case, the nanogold labeling was silver-enhanced as
Bovine eyes were obtained from a local slaughtedescribed by Danscher [1981]. The sections were post-
house. Photoreceptor outer segments were purified fréied in 2% glutaraldehyde for 20 min, washed in distilled
bovine retinas using sucrose density gradients as deater, and stained with 5% uranyl acetate for 5 min
scribed by Azarian et al. [1995]. The purified outebefore observation in an electron microscope. Recombi-

Western Blot Analysis
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nant protein (1 uM) was added to the primary incubation DL
as a negative control. The preimmune sera were also used
as a negative control. 1 d

Immunofluorescence Microscopy -+ -

Cryosections were prepared from unfixed tissues of
C57BL/6 mice, as described previously [Wolfrum, 1995]. 200-
Sections were incubated with 0.01% Tween 20 and 50
mM NH,Cl, in PBS, and then washed in PBS. They were 120-
blocked with 0.5% fish gelatin (Sigma) plus 0.1% ovalbu-
min (Sigma) in PBS for 30 min, and then incubated with 80-
primary antibody in blocking buffer overnight at 4°C.

Washed sections were subsequently incubated with sec-

ondary antibodies conjugated to fluorescein or rhodamine

(Cappel Oreganon Teknika Corp., Durham, NC) in block- 50-
ing buffer for 1 h aroom temperature in the dark. After

washing, sections were mounted in Mowiol 4.88 (Far-

bwerke Hoechst, Frankfurt, Germany), containing 2% 1234
n-propyl-gallate. b +/? /-
RESULTS - By
Myosin Vlla Antibodies [

1 2

Our myosin Vlla antibodies have been analyzed by
Western blots previously [L|U_ et _a|-- 1997]- Here, Weig. 1. Western blot analysis of myosin Vila antibodias.Western
carried out further characterization. First, they wengots of whole-cell lysates from cochlelies 1 and 3 and olfactory
tested on western blots of whole-cell lysates from mouseithelium {anes 3 and 4. The myosin Vlla antibody was incubated
cochlea and olfactory epithelium. They were found to H@th the Immobilon in either the absence ) or presence) of 1 uM

ific f ingl | tid di to t recombinant protein (indicated at the top of each lane), corresponding
Specific Tor a single polypeptiae, corresponding to V}S amino acids 941-1071 of mouse myosin Vlla. In the absence of

apparent molecular mass of myosin Vila (Fig. lajompeting recombinant protein, only a single band is evident. This
Second, the specificity for myosin Vlla was tested oiand represents a polypeptide-e230 kD.b: Western blot of kidney
western blots of kidney whole-cell lysate from an allele dfroteins fromsh12°58 mice. Lane 1, from mouse with at least one
shaker-1 mice S(hfeszes)_ In the sh1626B gllele, the wild-type gene ¢/?). Lane 2, from a homozygous mutant—(—)

mutati in th in VI Its i t d littermate. No_polypeptide is labeled in lane 2, demonstratin_g that the
. uta an In the myosin Vila gene results in a Stop Coaqky,eieq pand in lane Jfrowhead,~230 kD) represents myosin Vlla.
immediately after the codon for GIn720 [Mburu et al.,
1997]. Itis unknown whether a stable truncated product is
made in these mice but, even if it were, it should not hgndifferentiated inner and outer hair cells (Fig. 2).
recognized by the myosin Vlla antibodies used here. Tistereocilia are not actually cilia, but actin-rich microvilli
antibodies recognized a polypeptide (of appropriate mpFilney et al., 1980]. During development of the cochlea,
bility for myosin Vlla) in mice expressing at least onea bone fide cilium, the kinocilium is present no longer
wildtype myosin Vlla gene {/?), but there was no than postnatal day 10 in mice [Kikuchi and Hilding,
immunoreactive polypeptide in mice homozygous for the965; Kimura, 1966]. Immunoelectron microscopy re-
mutant gene {/—) (Fig. 1b). This result indicates thatvealed that not only stereocilia, but also the kinocilia
our antibodies do not detect a polypeptide that has tia@re labeled in 5-day-old mice with myosin Vlla antibod-
same mobility in SDS-PAGE as myosin Vlla but ides (Fig. 3). Labeling was evident along the length of each
different from myosin Vlla. kinocilium, although the basal bodies were devoid of
label (Fig. 3c,d). Labeling appeared most dense where
sections grazed the periphery of the proximal cilium (Fig.
Previous studies have detected myosin Vlla in thga—c), indicating a predominance of myosin Vlla in this
stereocilia, cuticular plate, and cell body of rodent haregion.
cells [Hasson et al., 1995; El-Amraoui et al., 1996]. B
immunofluorescence of cochleas from 5-day-old mice,
we observed that myosin Vlla is also located along the Myosin Vila mRNA has been detected in the
lateral cell membranes and in the apical extensions afactory epithelium [Weil et al., 1996]. In this tissue, the

Hair Cells of the Cochlea

Ifactory Epithelium
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Figures 2 and 3. Localization of myosin Vlla in cochlear hair cells.
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sensory cells are associated with basal cells and suppbden sectioned obliquely in this region (arrowheads,
ing cells [Menco, 1984]. At the apical surface of théig. 9), indicating that the myosin Vlla is present mainly
epithelium, microvilli of supporting cells surround thein the periphery of cilium. Between the cilia, numerous
olfactory vesicle or bulb of each olfactory neuronmicrovilli are present; they were also labeled by myosin
Numerous cilia extend from the bulb of each olfactorylla antibodies (Fig. 9).

cell and project into the nasal mucosa. By immunofluores-

cence of cryosections, myosin Vlla antibodies wergestis

ob_served to label the apical surface of the epithelium By immunofluorescence microscopy, Hasson et al.
(Fig. 4). Immunoelectron microscopy demonstrated thr?‘t

the cilia of each olfactory bulb contained myosin Vlla. | 997b] found myosin Vila in the Sertoli cells of the tes-
o offactory | o yosir " 1is, concentrated in a region of amplified membrane that
addition, the actin-rich microvilli of the supporting cells

labeled (Fia. 5 surrounds each developing spermatozoon head. It is rich
were labeled (Fig. 5). in actin and is known as ectoplasmic specialization
Kidney [Russell and Peterson, 1985; Vogl et al., 1991]. Myosin

Vlla was not detected in the spermatozoa themselves

'_I'he kldr_1ey has been demonstrated _prewously Rasson et al., 1997]. Our observations by immunoelec-
contain myosin Vlla by Western blot analysis [Hasson fon microscopy confirm this distribution pattern

al., 1995, 1997b]. By immunofluorescence microscop g. 10a). Comparison of actin and myosin Vlla labeling

Intense Iapellng was evident ar_ound the inner surface imonstrates that myosin Vlla colocalizes with actin in
each proximal tubule, but the distal tubules showed on,

faint labeling (Fid. 6). Immunoelectron microscony des ertoli cells (Fig. 10b). The axonemes of spermatoza
' ing (Fig. €). Immunocele icroscopy degq e heavily labeled by tubulin antibodies (Fig. 10d), but
tected myosin Vlla predominantly in the actin-rich micro

villi that project into the lumen of the proximal tubuleaml_myOSIn Viialabeling was not evident (Fig. 10c).
(Fig. 7). It also showed that, in the distal tubules, thF

bases of the widely scattered single cilia were immunor ltestine

active (Fig. 8). Because myosin Vlla appeared to be present in
microvilli of various types, we tested whether it was

Lung present in the brush-border microvilli of the small intes-

The lung was also previously shown to contaitine. The brush border microvilli have provided a model
myosin Vlla by Western blot analysis, although in thisystem for cell biological studies of an actin filament
tissue the protein has a slightly smaller apparent moledttoskeleton [Mooseker, 1985]. As illustrated in Figure
lar mass [Hasson et al., 1995, 1997b]. Electron immunondil, myosin Vila was detected in brush-border microvilli,
croscopy showed that the cilia lining the inner walls dput, interestingly, primarily at the distal ends of the
the bronchi were labeled by myosin Vila antibodiegnicrovilli, where a “cap-like” structure was described
Label was most concentrated in the proximal region greviously [Mooseker and Tilney, 1975; Tilney 1983].
each cilium and was especially evident in cilia that had

Photoreceptor Cell Axonemes

The above and previous immunoelectron micro-
Fi?{ Z-f 'EV’“(TU”OSUO@SC‘*?C‘I* 'abf"g,g Olf mytf?Si” lV't')aI?” Cog?r']eaf h”ff%copic observations [Liu et al., 1997] indicate that myosin
cells of 5-day old micea: In longitudinal section, labeling of the ce ; - :

bodies of bo%lh the inner hair ce%ls (IHC) and outer hair gells (OHC) i¥”a IS a. compo_nent of cilia. For fur'.[her eVIdence’. we
evident.Arrow, apical extensions of the hair cells; i.e., the stereocilif€Sted biochemically whether myosin Vlla associated
and a kinociliumb: Transverse sections through the cochlear hair celith the axonemal fraction of photoreceptor outer seg-
reveal that myosin Vlla is present in the cuticular plastérisg and ments. Purified bovine rod outer segments were sus-
along the lateral cell membrane of the hair celisr¢whead. Scale pended in buffer containing Triton X-100 detergent and
bars= 8 m. were loaded on top of a sucrose gradient to purify the
Fig. 3. Electron micrographs of sections through an outer hair cell gixonemal fraction [cf. Fleischman et al., 1980; Horst et
the cochlea from a 5-day-old mouse, illustrating silver-enhanceqf ~1987]. \Western blots of the fractions are shown in
Immunogold labeling of myosin Viia. An oblique section of part OfaFigure 12. The fractions enriched in axonemal proteins
kinocilium is shown in each panek: Near-longitudinal section - ) ; =
through the proximal part of a kinocilium (K), which is labeled, as ar¥vere identified by their acetylated tubulin content; micro-
the stereocilia (S) and the cuticular plate (CP) of the hair ¢ell. tubules in other domains of the photoreceptor cell do not
Near-t_ransverse_section through_the proximal part of a kir_lgciliurcontain acetylated--tubulin [Sale et al., 1988; Arikawa
Label is predominantly in the periphery. The base of a kinocilium. a4 \\jilliams, 1993]. These fractions were also found to
Label is present in the transition zorerowhead, but not in the basal . . o .
body region below it. Parts of the cuticular plate are densely Iabelg(?ntfam the mOSt m_yosm Vila, '”d'Cat'nQ that myosin
(arrow). d: The basal bodies of the kinociliurarfows) lack labeling.  V1la is associated with the axonemal fraction of photore-

Scale bars= 400 nm. ceptor outer segments.
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Figures 4 and 5. Localization of myosin Vlla in the olfactory epithelium.
Figures 6-8. Localization of myosin Vlla in the kidney.
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DISCUSSION myosin Vlla is a common component in the periphery of
Myosin Vlla was detected in a variety of differenihzstrsi?]sg'toanl z?-gg?og] Céli?.n!]ttzgzzi?%y’ov:ﬁ\ ?/T%?;htirj
cells. In the cochlear hair cells, it was found througho aﬂoneme of s.’ermatozoa Note howevir that the flagel-
most of the cell, but in other cells it was localized mainl perm: : ' e 9
um of a mammalian spermatozoon differs from most

in cilia or microvilli. The main aim of the present stud acella and cilia in that the microtubule ring is Sur-
was to determine whether myosin Vlla is a commoﬂ 9 9

component of cilia. Our results indicate that it is preseﬁ?unded by outer dense fibers, which are composed

in motile and sensory cilia. Although above—backgrounra1alnly of keratin [BeIIv_eanq O'Brien, 1.983]' Except for
levels of label were found in the distal cilium, at least ﬁpermatozoa, the localization of myosin Vlla in cilia else-

the kidney and lung cilia, a higher concentration Wa\g[here is consistent with previous suggestions that a vari-

present in the proximal region, or transition zone. Thi ty of abnormalities in different tissues of Usher syn-

zone is immediately distal to the basal bodies [Gibbon rome patients might stem from a general ciliary defect.
"It became clear, in the present study, that myosin

1961]. Oblique sections through this region demonstrate

that myosin Vila was mainly in periphery of the transitior |2 IS 8|S0 @ common component of actin-rich regions of

zone, outside of the ring of microtubules. In photorece@MPlified membrane, in particular, microvilli. The pres-
tor cells, the transition zone corresponds to the conneff:c€ of myosin Vlla in the stereacilia of inner and outer
ing cilium, (i.e., the region between the inner and out&a',r celis from the cochlea has aIready.been wellides
segments) [Rolich, 1975: Besharse and Horst, 1990]. I¢fiPed [Hasson et al., 1995; El-Amraoui et al., 1996].
the present experiments, myosin Vila was found t§Oréover, this point has been made by Sahly et al.
cofractionate with the photoreceptor axoneme. Preli997]; ina paper published during the preparation of the
ously, we found that myosin Vlla labeling was concerresent one. These investigators describe the expression
trated in the connecting cilium of the photoreceptor cefif the myosin Vlla gene during mouse embryogenesis
[Liu et al., 1997]. Indeed, labeling of the photoreceptdnd note that it is expressed by a number of epithelial
connecting cilium, by the same antibodies as in irgells Whlch all possess mlcrovnll._Here_‘,_we demo_nstrate
present study, was typically more striking than that fourffat myosin Vlla is also in the microvilli of the kidney
here for other cilia. Part of the reason for this impressidifoximal tubule, supporting cells of the olfactory epithe-
may be because the photoreceptor connecting ciliumligm, lung bronchi, and _prush border of th_e intestine in
longer than the transition zone of other cilia, so that #€ adult mouse. In addition, we detected it in two other
larger domain contains label. However, overall, th@ctin-rich regions associated with amplified membrane:
results obtained with the photoreceptor cilium, and tHE€ ectoplasmic specializations of testicular Sertoli cells

less specialized cilia from other tissues, indicate thigf- Hasson et al., 1997b] and the lateral margins of
undifferentiated inner and outer cochlear hair cells.

The presence of myosin Vlla in these two different
types of structure—one based on a microtubule cytoskel-
Fig. 4. Longitudinal section through a mouse olfactory epitheliam. eton, the other on an actin filament cytoskeleton—
Phase-contrast image. b: Indirect immunofluorescence labeling él‘]ggests two different general functions. In microvilli
myosin Vlla.Arrow (a) the apical region of the olfactory cells, where . . . . . . '
the olfactory vesicles reside. Punctate labeling is evident in this regimyOSIn V”,a is often _found n conjunctlt_)n with other
(b). Scale bar= 10 pm. un_convennonal myosins. For example, in the co_chlear
) . . __hair cells, myosins | and VI are also present in the
Fig. 5. Electron micrograph of the olfactory vesicle of a single ilia TH I 1997 d in brush bord
olfactory cell, illustrating silver-enhanced immunogold labeling oﬁt?feo?' _'a [ as.son et al, a], and in brus oraer
myosin Vlla. Theasteriskindicates the base of an olfactory cilium.microvilli, myosins |, 1, V, and VI have been detected
Arrowheads,microvilli, which extend from supporting cells of the [Heintzelman et al., 1994]. Presumably then, in micro-
olfactory epithelium, and are also labeled. Scale-5&00 nm. villi, myosin Vlla carries out a very specific function that
Fig. 6. Immunofluorescence labeling of myosin Vlla in a cross sectidie other unconventional myosins do not.
of mouse renal tubules stainedisterisk,a proximal tubule, labeled By contrast, the presence of myosin Vlla in cilia
around its inner surfacérrow, the distal part of a tubule, which is not represents a first for unconventional myosins. Its localiza-
labeled. Scale bat 30 um. . T L ’ ’ e

tion in cilia is somewhat surprising, given that cilia are
Fig. 7. Silver-enhanced immunogold labeling of the microvilli thabrimarily the domain of microtubules rather than actin
project into the interior of a proximal tubule of a mouse kidnay. filaments. Indeed. it remains to be shown whether all the
Labeled with myosin Vlla antibodiesb: Labeled with an actin i ’ T . | . .
antibody. Scale bar 500 nm. cilia found to contain myosin Vlla also contain actin

) . . . _ filaments. So far, actin filaments have been demonstrated
Fig. 8. Silver-enhanced immunogold image of the base of a smg(l)e

cilium projecting from the epithelium of a mouse renal distal tubule; nly !n the photorecept_or cilium [\{aUQhan and Fisher,
Arrow, transition zone of the cilium, where label is most evident. Sca987; Arikawa and Williams, 1989; Chaitin and Burn-

bar= 800 nm. side, 1989], although actin has also been detected in
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Figures 9 and 10.
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Fig. 11. Localization of myosin Vlla in the
brush border of the small intestine. The micro-
villi (M) are immunogold-labeled, primarily
at their distal ends. Scale bar500 nm.

e s o - 100

r b a

) ) ) ) 4 —@— o-tubulin
Fig. 12. Co-sedimentation of myosin Vlla _ -
with acetylateda-tubulin after fractionation ; -

., -«

L

—O— myosin Vlla
of detergent-lysed bovine photoreceptor outer
segments in a sucrose gradient (40—-65% w/w).
Fractions were analyzed by Western blots,
using antibodies against myosin Vlla and
acetylateda-tubulin. Acetylateda-tubulin is
an indicator of the photoreceptor axoneme [cf.
Arikawa and Williams, 1993]Ja: Graph indi-
cating relative amount of protein from densito-
metric scan of immunolabeled Western blots.
b: Illustration of fraction 19.Lane 1, Coo-
massie blue-stained gdfne 2, Western blot
labeled with antibody against acetylated
a-tubulin; lane 3, Western blot labeled with 0~ 4\
antibody against myosin VlldJpper arrow, I
position of myosin Vlla;lower arrow, posi- - axonemes 10
tion of a-tubulin. The positions of molecular N T

123

Immunoreactivity, relative units
N
[
Sucrose, % (---)

mass standards are indicated by marks to the 0 10 20 30
left (205, 116, 97, 66, 45 kD, from top to
bottom). Fraction, number

Fig. 9. Localization of myosin Vlla in lung. The cilia and microvilli axonemes oChlamydomon gella [Piperno and Luck,

(M) of the cells lining the wall of a bronchus are shown to contai|4-979]- o ) ] ) -
myosin Vlla by immunogold-labeling. In the cilia, label is more The localization of myosin Vlla in the kinocilium

concentrated in the proximal region, corresponding to the transitiggf cochlear hair cells indicates a ciliary function as well
zone. Label is most evident where sections graze the periphery of %ﬂ§ a microvillar one in the ear. The presence of myosin
proximal cilium @rrowhead$, indicating a predominance of myosinvII . h ilia i o h ical
Vilain this region. Scale bar 500 nm. a in photoreceptor cilia, in addition to the apica

) o . . ) _ microvilli of the RPE, indicated the same for the eye.
Fig. 10. Localization of myosin Vlla in testis. Electron micrographs . . .
sections through adult mouse testes, illustrating silver-enhanced im J]us’ in the two organs most obviously affected in Usher

nogold labeling of myosin Vllag) and actin b). Label for myosin Vila Syndrome 1B patients (the ear and the eye), myosin Vlla
and actin is most concentrated in the projectiomsofvs) of Sertoli  functions both in actin-rich microvilli and in cilia. Its
cells (SC), surrounding the spermatozoa heads (SH). Transvefgpiction in the kinocilium may well be a critical one.
sections through the axonemes of the spermatoza are not labeled : g it i A :
myosin Vlla antibodies d), but are labeled by antibodies againsfo‘lf%OUQh the, kinocilium does not pers_lst In dlﬁere_ntlated
acetylatedv-tubulin (d). Scale barsa = 900 nm:b = 500 nm:c,d = cochlear hair cells, and therefore is not required for

150 nm. mechanosensation, it appears to be responsible for orga-
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nizing the array of stereocilia [e.g. Sobkowicz et alBesharse, J.C., and Horst, C.J. (1990): The photoreceptor connecting
1995; Kelley et al., 1992]. Hence, myosin Vlla in the ciIium:“A model for the transition zone."In Bloodgood, R.A.
kinocilium could be important in hair cell development. ~ (6d): “Ciliary and Flagellar Membranes.” New York: Plenum
Indeed, analysis of different alleles of shaker-1 micgonneELeSS’ %409_431' )

6 5165 - . . , D., Raymond, F., Kremer, C., Klossek, J.-M., Kaplan, J., and
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. . . - . revised version of the sulphide silver method suitable for both
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periphery of the transition zone. The presence of a c. (1996): Human Usher 1B/mousshaker-1: The retinal

putative actin-based mechanoenzyme, such as myosin phenotype discrepancy explained by the presence/absence of
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