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a high-speed complementary metal oxide semiconductor camera to track the
movements of hundreds of cells in parallel from dozens of preparations. This
work revealed that the spontaneous oscillations exhibit multiple timescales
with a slow modulation on a rapid oscillation. Experiments inhibiting the elec-
trical resonance in the cell body show a strong effect on the mechanical oscil-
lations of the hair bundles. This indicates that the electrical oscillation is cou-
pled with the mechanical oscillations of the hair bundles.
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Gating of mechanoelectrical transducer (MET) channels in hair bundles of
hair cells is the key step of mechanosensitivity, including sensing sound and
balance. Transducer current, gating compliance, which can lead to negative
stiffness of the hair bundle, and adaptation have been successfully described
by theoretical models that assume that a single MET channel is connected to
each tip-link.
However, recent experimental reports have demonstrated that each tip-link is
associated with more than one channel. This discrepancy begs an answer to
the question: What are the consequences of two MET channels being associated
with a single tip-link?
To address this question, we assume that two channels associated with each tip-
link are identical and examine the effect of two basic connectivities, series and
parallel, of the channels on their gating. We found that the connectivity has
much larger effect on gating compliance than on transducer current. With series
connection, gating compliance has a single maximum only if it is below a crit-
ical value. Further increase of gating compliance splits its maximum into two.
Thus negative stiffness, the result of a further increase in gating compliance,
appears in two regions on the displacement axis. In contrast, parallel connection
leads to gating compliance similar to that predicted by the previous model that
assumes a single channel is associated with each tip-link. Although some coop-
erative effect of the two channels is present, it cannot be significant for sensitive
hair bundles. For those reasons, parallel connection of two identical channels is
consistent with experimental observations.
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The tip link is an essential component of the hair-cell transduction apparatus
and has been proposed to be part of a biophysically defined "gating spring".
Cadherin-23 and protocadherin-15 likely form the tip link; both proteins belong
to the cadherin superfamily of proteins that mediate calcium dependent cell-cell
adhesion and are involved in hereditary deafness, yet their molecular structures
and elasticity are unknown. Here we present crystal structures for cadherin-23
repeats 1 and 2 (EC1þ2). Overall, the structures show a typical cadherin fold
for both repeats, but reveal an elongated N-terminus that impairs classical cad-
herin-cadherin interactions and facilitates the formation of an additional
calcium binding site. The linker region between the repeats closely resembles
a classical cadherin calcium-binding motif and contains the site of the D124G
mutation causing non-syndromic deafness (DFNB12). The crystal structure of
EC1þ2 carrying this mutation displays a different angle between the repeats
than the wild-type protein. Molecular dynamics simulations of wild type struc-
tures and various mutant models suggest that deafness mutations and removal
of calcium ions control cadherin inter-repeat motion and unfolding strength of
hair-cell tip links. The structures along with simulations indicate that cadherin
repeats forming the tip link are too stiff to be the gating spring. In addition, the
new structures define a previously uncharacterized family of cadherin proteins
and begin to suggest mechanisms underlying disease as well as ways in which
cadherin-23 may bind end-to-end with itself and also with protocadherin-15 to
form the tip link.
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Stem cell transplantation is a promising technique to improve cardiac function.
However arrhythmias in regenerating areas are a major concern surrounding the
use of cellular cardiomyoplasty. We associate these arrhythmias with develop-
mental changes in intracellular calcium (Ca2þ) signaling. Cellular contractility
in early cardiac development induced by Ca2þ oscillations evoked by Ca2þ re-
lease from Inositol 1,4,5-triphosphate receptors (IP3Rs), whereas in adult my-
ocytes Ca2þ released from the ryanodine receptors (RyR2s) is the main source
of cytosolic Ca2þ elevation. Recently we have shown that cardiac specific
RyR2s mediated Ca2þ signaling in early cardiogeneses does exist in early car-
diogenesis but functionally silent due to the lack of sufficient luminal Ca2þ re-
serve. Adenovirus mediated calsequestrin (CASQ2) gene transfer in mouse em-
bryonic stem cells potentiated expression of CASQ2 protein in early cardiac
development and contributed to the emergence of RyR2s mediated Ca2þ sig-
naling in the developing cardiac myocytes. Expression of CASQ2 significantly
increased synchronization contractility of early stage (7þ1days after in vitro in-
duction of cardiac differentiation from mouse embryonic stem cells cardiac
myocytes) in a single cluster of contracted cells (94% of clusters contracted
synchronously vs 14% in control). Depletion of RyR2s associated Ca2þ stores
with caffeine demolished synchronization and reduced frequency of cellular
contractility (3153 vs 4855 bpm in control). Similar changes were observed
in 7þ7 differentiation stage cardiomyocytes differentiated from wild type ES
cells. Caffeine reduced number of synchronously contracted clusters from
84% to 28%. Frequency of cellular contractility was also reduced from
4653 to 3454 bpm.
We conclude that establishment of RyR2s mediated Ca2þ signaling in early
cardiogenesis is important for synchronization of early cardiac contractility.
Ectopic expression of CASQ2 in early cardiogenesis leads to creation of func-
tional RyR2 Ca2þ stores and has major impact on stabilization of intercellular
contractility.
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Central core disease (CCD) and malignant hyperthermia (MH) have been
linked to point mutations in the gene encoding the skeletal muscle sarcoplas-
mic reticulum calcium release channel (ryanodine receptor), which is local-
ized on human chromosome 19 (RYR11). Central core disease is a relatively
mild, slowly progressive autosomal dominant myopathy, characterized histo-
logically by the presence of centrally located cores running the length of the
muscle fibres. MH is a pharmacogenetic induced hypermetabolic disease.
CCD linked RyR1 mutations are associated with depletion of thapsigarin-sen-
sitive stores and to an increase of the resting calcium level. Influx of Ca2þ

from the extracellular environment is a major factor which influences the level
of resting cellular [Ca2þ]. Our working hypothesis is that decrease of sar-
co(endo)plasmic reticulum Ca2þ load via leaky ryanodine receptor channels
and/or alteration of calcium influx via store operated channels or excitation-
coupled Ca2þ entry (ECCE), may account for, at least in part, the phenotype
of patients with CCD, including muscle weakness and abnormal secretion of
inflammatory cytokines from muscle cells and cells of the immune system.
We set out to test the validity of our hypothesis by directly investigating
the mechanisms activating calcium influx in myotubes from normal individ-
uals and from patients with CCD and MH by TIRF microscopy. Our data
shows that mutations in the RyR1 affect ECCE in human myotubes from
CCD and MH patients. This work as supported by grants from A.F.M.,
S.N.F., Telethon Italy
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Previously we have shown that lack of triadins expression in skeletal muscle
cells results in significant increase of myoplasmic resting free Ca2þ

([Ca2þ]r), suggesting a role for triadins in modulating global intracellular
Ca2þ homeostasis. To further characterize this mechanism, here we study the
effect of triadin on Ca2þ entry, [Ca2þ]r, and Ca2þ release pathways using
Mn2þ quench, Ca2þ selective microelectrodes and Ca2þ imaging in Wt and tri-
adin-null myotubes. Comparison of Mn2þ quench rates in resting conditions
revealed that triadin-null cells have higher Ca2þ entry rates than Wt cells. How-
ever, prevention of Ca2þ entry with Cd2þ and La3þ was insufficient to restore
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