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Abstract
Myotilin cDNA has been cloned for the first time from chicken muscles and sequenced.
Ectopically expressed chicken and human YFP-myotilin fusion proteins localized in avian muscle
cells in the Z-bodies of premyofibrils and the Z-bands of mature myofibrils. Fluorescence
Recovery After Photobleaching (FRAP) experiments demonstrated that chicken and human
myotilin were equally dynamic with 100% mobile fraction in premyofibrils and Z-bands of mature
myofibrils. Seven myotilin mutants cDNAs (S55F, S55I, T57I, S60C, S60F, S95I, R405K) with
known muscular dystrophy association localized in mature myofibrils in the same way as normal
myotilin without affecting the formation and maintenance of myofibrils. N- and C-terminal halves
of human myotilin were cloned and expressed as YFP fusions in myotubes and cardiomyocytes.
N-terminal myotilin (aa 1–250) localized weakly in Z-bands with a high level of unincorporated
protein and no adverse effect on myofibril structure. C-terminal myotilin (aa 251–498) localized in
Z-bands and in aggregates. Formation of aggregated C-terminal myotilin was accompanied by the
loss of Z-band localization of C-terminal myotilin and partial or complete loss of alpha-actinin
from the Z-bands. In regions of myotubes with high concentrations of myotilin aggregates there
were no alpha-actinin positive Z-bands or organized F-actin. The dynamics of the C-terminal-
myotilin and N-terminal myotilin fragments differed significantly from each other and from full-
length myotilin. In contrast, no significant changes in dynamics were detected after expression in
myotubes of myotilin mutants with single amino acid changes known to be associated with
myopathies.
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INTRODUCTION
Myotilin, a 57-kDa protein, is one of the many components in the network of interacting
proteins that form the Z-bands in vertebrate striated muscle [Salmikangas et al., 1999].
Deciphering the molecular interactions of Z-band proteins with multiple partners in the Z-
band complex is a current challenge. A clear understanding of these interactions is important
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because it will help unravel the mechanism by which missense mutations in myotilin may
cause muscular diseases such as Limb-Girdle Muscular Dystrophy in humans [Moreira et
al., 2000; Shalaby et al., 2009; Selcen, 2011]. In common with other proteins in the Z-band
complex, myotilin has multiple binding partners. These include alpha-actinin [Salmikangas
et al., 1999], filamin [van derVen et al. 2000], actin [Salmikangas et al. 2003], and FATZ 1
and FATZ 2 [Gontier et al., 2005]. The known binding region of myotilin is in the C-
terminal half of the molecule where two Ig-like domains are important for the antiparallel
arrangement of myotilin dimers [Salmikangas et al., 2003] in addition to the reported protein
binding.

In this study, we have cloned and sequenced the myotilin cDNA from the cardiac and
skeletal muscles of chickens. We have also ectopically expressed EYFP-myotilin fusion
proteins in cultured embryonic chicken cardiac and quail skeletal muscle cells by
transfecting with pEYFP-Chi-Myotilin. The ectopically expressed fusion protein is localized
in Z-bands in both types of muscle cells. In addition, we have determined the dynamics of
wild type and mutated human myotilin molecules in muscle cells using FRAP (Fluorescence
Recovery After Photobleaching) analysis. We also determined the dynamics of each of the
two fragments of human myotilin designated by N-myotilin (1–250 amino acid residues)
and C-myotilin (251- 498 amino acid residues; myotilin’s two Ig domains are in this
sequence of amino acids) by using FRAP in cardiac and skeletal muscle cells isolated from
avian embryos. The relative recovery of full-length myotilin after photobleaching is faster
than the C-myotilin but slower than that of N-myotilin. Over-expression of C-myotilin, but
not N-myotilin, led to the loss of myofibrils in both types of muscle cells. These results
indicate the important role of the two Ig-domains for the maintenance of the Z-bands and
myofibrils.

MATERIALS AND METHODS
Cloning and sequencing of myotilin from RNA isolated from embryonic and adult chicken
muscle

RNA was isolated from embryonic and adult chicken hearts and skeletal muscles separately.
cDNA was made from the total RNA (four samples separately) using oligo dT as the primer
following published protocols [Zajdel et al., 2003; Wang et al., 2007, 2008]. Chicken
myotilin cDNA was amplified by RT-P C R with the primer-pairs: Forward primer (P1) 5′-
GGATGTTTAACTACGAACGT-3′; Reverse primer (P2) 5′-
TTAAAGTTCATCGCTTTCA-3′ derived from NCBI Reference Sequence: XM_414618.2
for the predicted chicken myotilin cDNA sequence. The PCR amplified DNA was run in an
agarose gel and the band was gel purified and cloned into a TA-cloning vector (Invitrogen).
Nucleotide sequences of myotilin clones from adult heart and skeletal muscles were found to
be identical suggesting the myotilin transcript expression in heart and skeletal muscle is
from the same gene.

Expression constructs
Human myotilin cDNA was originally amplified by RT-PCR from human skeletal muscle
mRNA and cloned into pEYFP (Clontech) as reported earlier [Wang et al. 2005]. Its N-
terminus (1–250 aa residues), designated as Myotilin-N, and C-terminus (251–498 aa
residues), denoted as Myotilin-C, fragments were cloned into pEYFP using previously
reported methods. Chicken myotilin cDNA was amplified by RT-PCR as described above
and subsequently cloned into pEYFP. Cerulean Fluorescent Protein (CeFP)-fused alpha-
actinin was co-transfected into cells to label the Z-band of myofibrils [Wang et al., 2005;
Sanger et al., 2009]. Site-directed mutagenesis of human myotilin cDNA at seven disease-
associated sites (S55F, S55I, T57I, S60C, S60F, S95I, R405K) [Selcen, 2011] was carried
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out using Stratagene’s QuikChange site-directed mutagenesis kit and confirmed by DNA
sequencing.

Cell Culture, Transfection, and Immunostaining
Embryonic quail myoblasts were isolated from 9-day-old quail embryos and plated on
collagen-coated 35-mm MatTek (Ashland, MA) dishes at concentrations of 105 cells per
dish according to procedures described in Dabiri et al. [1999]. Cardiomyocytes were isolated
from the hearts of 10-day-old chick embryos as previously described [Dabiri et al., 1999],
and plated at 3 × 105 cells per dish. The cardiac and skeletal muscle cells were transfected
after 2 days of culture using Fugene HD transfection reagent. The transfection medium was
replaced after two days with fresh muscle medium. Immunostaining of transfected cells was
performed after 3 days of transfection as previously described [Dabiri et al., 1999]. The cells
were fixed with buffered 3% paraformaldehyde, permeabilized, and stained with rhodamine-
phalloidin.

Confocal imaging and Fluorescence Recovery After Photobleaching (FRAP)
Fluorescence images were acquired on either a Zeiss LSM 510 or a Leica SP5 confocal
microscope. FRAP experiments were conducted using time points separated by 30-second
intervals over 10 to 20 minutes collection period. The FRAP results were normalized and
fitted to one or two exponential processes as previously reported [Wang et al. 2005; Sanger
et al., 2010].

RESULTS
Cloning and sequencing of chicken myotilin from chicken heart and skeletal muscle

The strategy for cloning chicken myotilin was carried out by RT-PCR with the primer-pairs
as described in the method section. The nucleotide sequence of the isolated plasmid DNA
was determined to be identical with that of the predicted chicken myotilin sequence. The
deduced sequence of the 506 amino acids of the chicken myotilin is shown aligned with the
sequences of two alternatively spliced human variants and the mouse myotilin sequence in
Figure 1A. Human variant 1 encodes 498 amino acid residues (GenBank number
BC005376.1), eight fewer than in chicken. whereas transcript variant 2 (low molecular
weight myotilin) encodes 314 amino acid residues (NCBI Reference Sequence:
NM_001135940.1. Interestingly, an octapeptide “Pro.Ser.Cystein.Ser.Ala.Pro.Lys.Glu”
present at the beginning of the serine-rich region (resides 29 – 124) of the chicken myotilin
(Figure 1B) is not present in the human or mouse myotilin sequence.

Comparison using Pretty software (SeqWeb, a web interface to a core set of GCG programs)
shows more divergence of amino acid sequences between chicken and either human
myotilin variant 1 or mouse myotilin in the first 250 residues than in the C-terminal half of
the protein where the two Immunoglobulin (Ig)-like domains, common elements of actin
cross-linking proteins like titin [Von Nadelstadh et al., 2005], reside (Figure 1B).

Localization of YFP tagged chicken myotilin
In embryonic quail myotubes, that were transfected on the second day of culture and
observed on the fourth culture day, chicken myotilin-YFP was localized in premyofibrils in
Z-bodies (Figure 2a), the precursors of muscle Z-bands. At this time point in culture, no
mature muscle or contractile activity was present in the myotubes. Beginning on day five
when muscle formed in the elongating myotubes, myotilin-YFP localized in Z-bands (Figure
2b), as well as in Z-bodies at the ends of the myotubes where premyofibrils continued to
form. This localization mirrors that found following similar transfections of quail myotubes
with human myotilin-YFP [Wang et al. 2005]. FRAP measurements demonstrated that the
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dynamics of chicken myotilin-YFP in Z-bands of quail myotubes was the same as that seen
when human myotilin-YFP was expressed in quail myotubes (Figure 3). The mobile fraction
for chicken myotilin reached 100% in Z-bands (Figure 3) and in Z-bodies (data not shown),
identical to previously reported data for human myotilin-YFP expressed in quail myotubes
[Wang et al., 2005].

Localization of myotilin fragments in skeletal myotubes
The two halves of the myotilin protein have distinct properties. Mutations leading to
myopathies are found in the serine-rich region in the N-terminal half [Selcen, 2011] and the
binding sites for Z-band proteins are in the C-terminal half, containing two Ig-like domains
through which myotilin forms homodimers [Shalaby et al., 2009]. The two halves, myotilin-
N (1–249) and myotilin-C (250–508), also differed in their localization and effects on
myofibrils when they were expressed in embryonic quail skeletal myotubes (Figures 4, 5).
Myotilin-N, lacking Ig domains, localized weakly in Z-bands and Z-bodies with a high
background of unincorporated protein compared with full-length myotilin (Figure 4);
however, no disruption of myofibrils was observed in these transfected cells.

The expression of myotilin-C, in contrast, yielded two types localization after two to three
days of transfection: co-localization with alpha-actinin in Z-bands (Figure 5a,b) as was seen
after expression full-length myotilin; and localization of myotilin-C in punctate aggregates
(Figure 5c,e). In some myotubes, the aggregates of myotilin-C were aligned along
myofibrils (Figure 5c). Alpha-actinin, that was co-expressed with the myotilin-C, was
present in the same myofibrils in both Z-bands and in punctate aggregates (Figure 5d). In the
next one - two days in culture, myotilin-C and alpha-actinin were in punctate aggregates in
nearly all myotubes and neither was localized in Z-bands, suggesting myofibril disassembly
(Figure 5e,f). In myotubes that were transfected in the same way with myotilin-C, post-
staining with phalloidin revealed disorganization of the actin filaments in regions of the
myotubes where myotilin-C aggregates were concentrated (Figure 6).

Localization of myotilin fragments in cardiomyocytes
The full-length and N- and C-terminal halves of myotilin had a similar range of localization
and effects on myofibrils of cardiomyocytes (Figure 7a–f) as described above for skeletal
muscle cells. Myotilin-N localized weakly in Z-bands with a higher background in the
sarcoplasm (Figure 7b). Myotilin-C localized in Z-bands (Figure 7c) and also in aggregates
in cardiomyocytes in the same culture (Figure 7d). In cardiomyocytes with high
concentrations of aggregated YFP-myotilin-C (Figure 7e), myofibrils appeared disrupted
and CeFP-alpha-actinin colocalized with myotilin (Figure 7f).

Comparison of the dynamics of fragments and mutations of myotilin expressed in
myotubes

To compare the dynamic exchange of the myotilin fragments in Z-bands in developing
myotubes of quail, FRAP analysis was applied to myofibrils that had been transfected with
YFP fusions of Myotilin-N- and Myotilin-C (Figure 8, 9). Full-length myotilin-YFP
recovered about 80% of its fluorescence in 5 minutes after being bleached, a rate that marks
myotilin as a very dynamic protein compared with other myofibrillar proteins like alpha-
actinin and actin (Figure 9a) [Wang et al., 2005; Sanger et al., 2009]. The total mobile
fraction was about 100% with about 60% fast and 40% slow mobile fractions. The N-
terminal half of myotilin exhibited an even faster recovery than full-length myotilin and
FRAP analysis showed only one fast 100% mobile fraction (Figure 9a, b) suggesting that
without Ig domains, the N-terminal half of the protein lacks the ability to form dimers
causing weaker binding to other Z-band proteins. Compared with the N-terminal half and
full-length myotilin, the C-terminal half of myotilin showed a significantly slower recovery
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rate with less than 40% recovery within 5 minutes and decreased mobile fractions compared
with Myotilin-N and full-length myotilin (Figure 9a, b). Comparison of FRAP analyses of
myotubes versus cardiomyocytes (Figure 9) also revealed similar increases for transfected
cardiomyocytes (Figure 9c, d) and myotubes (Figure 9a, b) in fluorescence recovery rates
for N-terminal myotilin and decreased rates for C-terminal myotilin compared with full-
length myotilin.

In contrast to the differences in localization and FRAP properties that were seen between
expressed full length myotilin and myotilin truncations, no significant differences were
detected when human myotilin constructs with single amino acid mutations were expressed
in quail myotubes (Figure 10). Myofibrillogenesis occurred normally in all myotubes and
each of seven proteins with disease-associated mutations (S55F, S55I, T57I, S60C, S60F,
S95I, R405K) localized in the Z-bands of mature myofibrils (Figure 10). Furthermore in
FRAP experiments, recoveries for the seven different mutations of myotilin were not
significantly different from wild-type myotilin (Figure 11).

DISCUSSION
Myotilin cDNAs from human, mouse, and some other species have been cloned and
sequenced [Salmikangas et al. 1999; Strausberg et al., 2002]. Although a predicted cDNA
sequence of chicken myotilin cDNA is available from the databases, to the best of our
knowledge, direct cDNA from chicken has not been sequenced. In this study, we have
cloned and sequenced the cDNAs of myotilin from chicken heart and skeletal muscle. The
nucleotide sequences of myotilin from heart and skeletal muscles are identical (data not
shown) suggesting that they are the products of the same Myot gene. The deduced amino
acid sequences of chicken myotilin contain 506 amino acid residues whereas human and
mouse myotilin contain 498 and 496 amino acid residues respectively. The extra eight
amino acid residues in chicken compared to human myotilin variant 1, are located at the N-
terminal part of the myotilin peptides as shown in Figure 1B. The percent similarity of
myotilin protein compared to human and mouse myotilin is 72 and 70 respectively. The
percent identity between chicken and human or chicken and mouse myotilin proteins are 66
and 65 respectively.

Myotilin, together with palladin, and myopalladin, is a member of a family of muscle
proteins with Ig domains that function as scaffolds and regulate actin organization [Bang et
al., 2001; Mykkanen et al., 2001; Otey et al., 2005; von Nadelstadh et al., 2009]. Myotilin is
localized in the Z-bands of cross-striated muscles with many binding partners among which
are actin, alpha-actinin, ArgBP2, FATZ/myozenin and filamin [van der Ven et al. 2000;
Otey et al., 2005; Gontier et al., 2005; Moza et al., 2007; Moza, 2008; Sanger and Sanger,
2008; von Nadelstadh et al., 2005, 2009; Sanger et al., 2010;]. Although missense mutations
in myotilin have been implicated in limb girdle muscular dystrophy type 1A and spheroid
body myopathy in humans [Selcen, 2011], it is not clear whether myotilin has any role in
myofibrillogenesis. A targeted deletion of the myotilin gene (Myot) does not affect structure
and function of muscle in Myot knockout mice [Moza et al., 2007]. This may be due,
however, to the ability of the other Z-band proteins with similar Ig-like domains, viz.
palladin and myopalladin, to take over the role of the deleted myotilin [Ochala et al., 2009].

Von Nandelstadh et al. [2005] studied the actin binding properties of wild type myotilin and
the four myotilin mutants then known to cause myopathies (S55F, T57I, S60C, and S95I),
but did not detect any differences between the actin binding properties of the wild type and
myotilin mutants. More recently three of these myotilin mutants (S55F, T57I, and S60C)
were shown to have slower degradation rates than wild type myotilin [Von Nandelstadh et
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al., 2011]. How slower degradation rates of myotilin mutants lead to muscle diseases is
unknown.

There are now seven different mutations of myotilin that lead to dystrophies in skeletal
muscle cells [Salmikangas et al., 1999; Selcen and Engel, 2004; Foroud et al., 2005; Shalaby
et al., 2009; Selcen, 2011]. The seven YFP fusion proteins of these myotilin mutants located
normally in the Z-bands of mature myofibrils, and we were unable to detect significant
differences in dynamic behavior between these myotilin mutants and wild type myotilin
measured with FRAP. Perhaps other approaches in the future (e.g., Fluorescence Resonance
Energy Transfer or FRET, Stout et al., 2008) may discover differences in the binding
properties of the myotilin mutants and their binding partners that lead to myofibrillar
instabilities, a hallmark of myotilinopathy [Selcen, 2011].

FRAP is a powerful technique that allows the mobility of proteins between a cytoplasmic
pool and a subcellular site to be measured in the setting of the live cell where multiple
binding interactions influence a protein’s localization. Full length myotilin is a very dynamic
protein recovering 80% of fluorescence within 5 minutes after bleaching. The C-terminal
half of the molecule in which all the myotilin binding sites for Z-band proteins are found has
a slower recovery of fluorescence indicating a tighter binding of the protein. The myofibril
disassembly resulting from expression of myotilin-C may arise when the fragment binds
tightly to Z-band partners and competes with full-length myotilin for Z-band localization,
impairing the function that the intact myotilin provides and causing disruption of the
myofibrils. It may also indicate that the disease-associated serine-rich region in N-terminus
is important for normal dynamics and function of myotilin in maintenance of myofibrils.

We found that the C-terminal half of myotilin (aa 251–498) was much less dynamic than
that of the full myotilin molecule and the N-terminal half of myotilin (aa 1–250). Its stronger
Z-band affinity was accompanied by the formation of aggregates in the cytoplasm of the
transfected muscle cells and loss of myofibrils (Figures 5, 6, 11). These results are similar to
the effect of a truncated fragment of alpha-actinin: the 27 KD fragment responsible for the
actin-binding property of alpha-actinin [Wang et al., 2005]. This fragment of alpha-actinin
initially exhibited normal binding to the Z-bands of mature myofibrils, but with time also led
to myofibril disassembly. FRAP experiments in myotubes expressing this truncated alpha-
actinin revealed a 50% reduction in the recovery of postbleach fluorescence intensity
compared wild type YFP-alpha-actinin. We hypothesize that these myotilin and alpha-
actinin truncated fragments compete with their full-length counterparts and prevent the
normal dynamics of Z-band proteins that are required for the stability and maintenance of Z-
bands of the myofibrils. In addition, these truncated fragments are missing parts of the intact
molecules that may allow binding to other partners of the Z-bands. The inability to bind
these other partners may weaken the Z-band structure and the stability of the mature
myofibrils. These truncations of either alpha-actinin or myotilin would be incompatible with
embryonic development due to the importance of contractile embryonic hearts and skeletal
muscle cells.

In summary, chicken myotilin has properties that are very similar to those of human
myotilin molecules. We did not detect any changes in either the localization or in the
dynamics of the seven known myotilin mutations in muscle cells (S55F, S55I, T57I, S60C,
S60F, S95I, R405K). The C-terminal half of the myotilin molecule, when expressed as a
truncated fusion protein, exhibits decreased dynamics in the Z-bands of mature myofibrils in
both skeletal and cardiac muscle cells, and induces the disassembly of myofibrils.
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Figure 1. Alignment of deduced amino acid sequences, and domain structure of chicken myotilin
A. Alignment of the deduced amino acid sequences with other known myotilin sequences.
B. A schematic diagram of the protein structure shows the serine-rich region (blue box)
containing a hydrophobic stretch (not shown) and the two Ig domains (loops) [Salmikangas
et al., 1999]. There are eight extra amino acid residues (from 68–75) in chicken myotilin
sequence.
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Figure 2.
Fluorescent images of developing myotubes from embryonic quail muscle in a culture
transfected with YFP-chicken myotilin. (a) Myotilin is localized in the premyofibrils at the
end of a myotube and (b) in the Z-bands of mature myofibrils at the central region of a
myotube. Bar = 5 μm.
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Figure 3.
Comparison of the dynamics measured by FRAP of chicken and human myotilin localized
in the Z-bands of quail myotubes. The rates and half-lives of exchange of the two isoforms
of myotilin are the same in the Z-bands of quail myotubes.
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Figure 4.
Fluorescence images of quail skeletal muscle cells co-transfected with (a) the N-terminal
half of myotilin, and (b) CeFP-alpha-actinin. (c) Merged images of (a) and (b). (a) The N-
terminal half of human myotilin (myotilin-N) co-localizes in Z-bands with (b) alpha-actinin,
but there is a high background of unincorporated myotilin in the sarcoplasm (a). Bar = 5 μm.
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Figure 5.
Fluorescence images of myotubes co-transfected the C-terminal half of YFP-myotilin (a, c,
e) and CeFP-alpha-actinin (b, d, f). (a, b) Two to three days post-transfection, myotilin-C
co-localized with alpha-actinin in Z-bands of some myotubes. (c, d) In other myotubes,
aggregates of myotilin-C (c, arrow) were aligned along myofibrils in myotubes in which
alpha-actinin was present in both aggregates (d, arrow) and Z-bands. (e, f) Four days or
more after co-transfection, both myotilin-C and alpha-actinin were present as aggregates and
Z-bands were absent. (f) Note that the myotube with alpha-actinin incorporation in Z-bands
in the lower part of the image did not express myotilin-C.
Bar = 5 μm.

Wang et al. Page 14

Cytoskeleton (Hoboken). Author manuscript; available in PMC 2012 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 6.
Fluorescence images of myotubes transfected with (a) YFP-human myotilin-C and then
fixed, and stained with (b) rhodamine-phalloidin. (c) Merged images of (a) and (b). The
distribution of actin in a sarcomeric pattern was seen in the two myotubes that did not
express myotilin-C and in the lower region of the center myotube where the concentration of
myotilin-C aggregates was much less than in the disrupted region above. Bar = 5 μm.
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Figure 7.
Fluorescence images of cardiomyocytes transfected with plasmids encoding fragments of
human myotilin. (a) YFP-myotilin, (b) N-terminal (YFP-myotilin-N), (c, d) C-terminal
(YFP-myotilin-C) of myotilin, (e) YFP-myotilin-C, and (f) same cardiomyocyte as in (e) co-
expressing CeFP-alpha-actinin. As in skeletal muscle myotubes, (a) the Z-band localization
of full length YFP-myotilin contrasted with (b) a high background of unincorporated YFP-
myotilin-N that was present together with Z-band localization of the protein fragment. (c)
YFP-myotilin-C localized in Z-bands and also (d) in aggregates in cardiomyocytes in the
same culture. (e) In cardiomyocytes with high concentrations of aggregated YFP-myotilin-C
myofibrils appeared disrupted and (f) CeFP-alpha-actinin colocalized with myotilin. Bar = 5
μm.
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Figure 8.
Images from a FRAP experiment of myotubes expressing (a–e) full-length myotilin or (f–j)
myotilin-C. Images (a, f) pre-bleach, (b, g) bleach, (c, h) recovery 1 minute post-bleach, (d,
i) recovery 5 minutes post-bleach and (e, j) recovery 20 minutes post-bleach. Bar = 5 μm.

Wang et al. Page 17

Cytoskeleton (Hoboken). Author manuscript; available in PMC 2012 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 9.
Recovery after photobleaching in myotubes and cardiomyocytes expressing full-length
myotilin or Myotilin-N or Myotilin-C. (a) The average FRAP curve of full-length, N-
terminal half and C-terminal half of myotilin in Z-bands of mature myofibrils in myotubes.
(b) a comparison of the fast and slow mobile fractions of full-length, myotilin-N and
myotilin-C in Z-bands of myofibrils in myotubes. Note that a slow mobile fraction is absent
in the recovery of myotilin-N fluorescence. Both mobile fractions of myotilin-C are reduced
compared with full-length myotilin. (c) The average FRAP curve of full-length, myotilin-N
and myotilin-C in Z-bands of myofibrils in cardiomyocytes and (d) comparison of the fast
and slow mobile fractions of full-length myotilin-N and myotilin-C in Z-bands of myofibrils
in cardiomyocytes.
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Figure 10.
Myotubes expressing wild type myotilin (a) and myotilin with seven different known
mutations (b–h). There are no differences between the localization of the wild type myotilin
and the myotilin mutants; all are localized in the Z-bands. Bar = 5 μm.
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Figure 11.
FRAP curves of wild type myotilin and mutated versions of human myotilin. Seven single
amino acid mutations of human myotilin (S55F, S55I, T57I, S60C, S60F, S95I, R405K)
were expressed in quail myotubes and localized in the Z-bands of the mature myofibrils. The
average curves of the myotilin mutants each fall within the error bars of the wild type
myotilin molecules in the Z-bands of mature myofibrils. Two-population t-test analysis
revealed that the recoveries for the seven mutations of myotilin were not significantly
different from wild type myotilin (95% confidence intervals).
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