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manner and inhibits the ability of endothelin to produce phosphorylation of
MyBP-C. These results suggest that phosphorylation of cMyBP-C may be a mo-
lecular component of the vascular endothelial cell - cardiac myocyte cross-talk.
Coupled with already published work, the results also suggest that cMyBP-C
phosphorylation may contribute to the regulation of the turnover of myofibrillar
proteins.
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The N-terminus of cMyBP-C can activate actomyosin interactions in the ab-
sence of Ca®", but it is unclear which sequences mediate the activating ef-
fects. Herron et al. (Circ Res, 98:1290-8, 2006) found that the Pro-Ala rich
region (P-A) of human cMyBP-C could activate tension in the absence of
Ca®*, whereas Razumova et al. (J Gen Physiol, 132:575-85, 2008) found
that murine C1 and M domains activated tension. The different results might
be explained by isoform differences, especially in P-A which is only 46%
identical between mouse and human cMyBP-C. The goal of this study was
to determine if species-specific differences in P-A account for the different ac-
tivating effects of murine and human ¢cMyBP-C. Recombinant chimeric pro-
teins containing the CO, P-A, and C1 domains (COC1) from either human or
murine cMyBP-C were engineered and their activating effects assessed using
in vitro motility and ATPase assays. Consistent with previous observations,
human COC1 activated actomyosin interactions in the absence of Ca®"
whereas murine COC1 did not. However, substituting human P-A for murine
P-A conferred activating properties to murine COC1, whereas substituting mu-
rine P-A for human P-A depressed the activating effects of human COCI. Ac-
tivating effects of the chimera proteins were intermediate between those of
murine and human COC1, suggesting that CO or C1 also contribute to activa-
tion properties. Further chimeric substitutions of CO and C1 demonstrated that
the human C1 domain also contributed to activation, whereas the CO domain
did not. These results suggest that the human P-A and C1 domains are suffi-
cient to activate actomyosin interactions in the absence of Ca*", and that spe-
cies-specific differences are likely to contribute to functional differences of
c¢MyBP-C. Supported by NIH HL080367 to SPH and a NSF Graduate Re-
search Fellowship to JFS.
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Numerous studies have been conducted in tissues and cells to elucidate the mo-
lecular mechanisms of myocardial contraction. However, because of a number
of differences between in vitro and in vivo conditions, the dynamics of myocar-
dial sarcomere contractions in living animals is not yet understood. In the pres-
ent study, we developed a novel system allowing for real-time single sarcomere
imaging in the living heart. Male Wistar rats were anesthetized with pentobar-
bital sodium, and median sternotomy was performed under artificial ventila-
tion. Qdots were conjugated with anti-a-actinin antibody and then transfected
from the surface of the epicardium of the beating heart, for visualization of the
Z-discs. An electron microscopic study confirmed the presence of Qdots in and
around the T-tubles and Z-discs in the myocardial cells of the left ventricular
wall. Consistent with this, we observed a striated pattern of Qdots (~2 pum spac-
ing) in the heart under fluorescence microscopy. We are now performing real-
time single sarcomere imaging in the beating heart of the rat.
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Cardiac sarcomeres exhibit spontaneous oscillations (SPOC) over a broad
range of intermediate activating conditions, namely, at pCa ~6.0 (Ca-SPOC),
or at the coexistence of MgADP and Pi under the relaxing condition (ADP-
SPOC). We have reported that the period of sarcomeric oscillations in skinned
myocardium correlates with that of resting heart rate in various animal species
[BBRC, 343, 1146-1152 (2006)]. In the present study, we analyzed sarcomeric
oscillations in isolated single cardiomyocytes of the rat, by using Qdots conju-
gated with anti-a-actinin antibody for clear visualization of the Z-lines. First,

we measured the period and amplitude of ADP- and Ca-SPOC at various sar-
comere lengths (SLs) in skinned cardiomyocytes, and found that the amplitude
of oscillations was inversely related to SL. We also conducted a SL measure-
ment in intact cardiomyocytes at various stimulation frequencies, after trans-
fection of Qdots into the cells. At low frequencies (e.g., | Hz), the shortening
and relengthening of the sarcomere during a contraction cycle simply reflected
the changes in [Ca>"];. However, an increase in stimulation frequency to the
physiological level (~5 Hz) caused a phase shift of shortening and relengthen-
ing due to enhancement of the relengthening speed, resulting in the waveform
being similar to what was observed during SPOC in skinned myocytes. These
findings suggest that the intrinsic auto-oscillatory property of sarcomeres may
contribute to the regulation of cardiac beat in vivo.
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Viscoelastic properties of myocardium play an important role in a heart func-
tion. They determine the extent of filling of the heart, its subsequent stroke vol-
ume and contraction velocity. We present here the 3D model consisting of elas-
tic springs and linear damping elements on basis of our earlier model [1] (Fig.
1A). Due to changes of geometry the model manifests nonlinear viscoelastic
behavior in response to longitudinal stretch. Depending on set of input param-
eters, the model allows to describe quantitatively nonlinear viscoelastic behav-
ior of both single cardiomyocytes and multicellular samples like trabeculae
(Fig. 1B). Model volume stability is an essential condition for model parameter
selection because in vivo a volume of cardiomyocytes is virtually unchanged. It
is significant that viscoelastic parameters of structural elements of the model
remain constant all over the range of investigated strains.

Thus, we can describe main viscoelastic properties of myocardial tissue at
different organization levels within
the basis of the simple mechanical 4 Bl —
model. il N ¢ EJ
[1] Smoluk, L. et al. 2008. The ’
FASEB J.22:756.9.

[2] Granzier, H. and Irving, T. 1995.
Biophys. J. 68:1027-1044.

[3] Granzier, H. et al. 1996. Biophys.
J. 70:430-442.

2863-Pos

Radial Force and Lattice Spacing with Multi-Spring Crossbridge Models
C. David Williams, Michael Regnier, Thomas L. Daniel.

University of Washington, Seattle, WA, USA.

Previous spatially explicit models have used crossbridges consisting of single
springs aligned to the axis of the thick and thin filaments. Such one-spring
models cannot account for effects of lattice spacing or radial forces generated
during axial shortening. We develop crossbridge models with multiple springs
to examine how different mechanisms of crossbridge deformations affect radial
forces, longitudinal forces, and the effects of changes in lattice spacing. A four-
spring crossbridge (4sXB) treats the S2 region and light chain domain (LCD) as
linear springs, linked to the thick filament and each other by torsional springs.
Changing the rest angle of the S2/LCD linking spring models force generation
via a power stroke. A two-spring crossbridge (2sXB) replicates the desired abil-
ities of the 4sXB and is less computationally expensive. Unlike the 4sXB, the
length and angle of the 2sXB’s springs can be determined for any head position
without iterative techniques. Both the 4sXB and the 2sXB use three state kinet-
ics that, at resting lattice spacing, are similar to previous work, easing compar-
ison to previous studies. In contrast to single spring crossbridges, the kinetics of
the 4sXB and 2sXB change with lattice spacing. Notably, the axial offset (dis-
tance between the thick filament attachment site and myosin-binding site) at
which the powerstroke becomes likely to occur varies by more than Snm
over physiological lattice spacings. Both the 4sXB and the 2sXB measure
the axial and radial forces generated by during production of axial force. In
a typical post-powerstroke position at resting lattice spacing, the axial forces
exerted by the 4sXB and the 2sXB differ by approximately 10% while the ra-
dial forces are more divergent (differing by as much as 20%), making the
choice of crossbridge a critical concern in measurements of radial force.
HL65497 (MR), EB001650 (CDW).
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Background: The mechanisms regulating cross-bridges (XBs) cycling during
stretch and shortening are controversial. We hypothesize that XB strong to
weak transition (weakening) rate increases during shortening and decreases
during lengthening in an identical velocity dependent manner. Our hypothesis
reproduces the muscle basic properties as the force-velocity relationship and
regulation of energy consumption. The study investigates this unifying hypoth-
esis during lengthening and shortening. Methods: Trabeculae were isolated
from rat right ventricles (n=9). Sarcomere length was measured by laser dif-
fraction. The number of strong XB (Nxp) was evaluated by measuring the dy-
namic stiffness. Stretches (n=42) and releases (n=48) at different velocities and
instants were imposed on sarcomere isometric contractions. Results: Faster
stretches yielded larger forces. An overt identical linear correlation between
force and Nxp development was obtained for any stretch velocity (0-2.17pm/
s), implying that the force increased due to the increase in Nxp, whereas the
unitary force per XB (Fxg) was constant. The stiffness development rate line-
arly depended on the lengthening velocity with a proportion coefficient of
6.9 +0.46. Shortening yielded both a decrease in Nxg and Fxg. Interestingly,
the stiffness decline rate depended linearly on the shortening velocity
(0-6.27w/s) with similar proportion coefficient of 6.08 +2.45. When identical
perturbation (lengthening or shortening) was imposed at different instants dur-
ing the twitches, similar rate of change in the stiffness and force development
were observed. Thus, the phenomena are not dominated by Nxg but relate to an
inherent property of the single strong XB. Conclusions: The independence of
XB weakening rate on the perturbation onset time and the identical dependence
on the velocity during shortening and lengthening strongly support the hypoth-
esis that XB dynamics is dominated by a single velocity dependent kinetic.

Cytoskeletal Protein Dynamics
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The prokaryotic homologue of tubulin FtsZ plays a major role in cell division.
In vivo it is localized at the center of the bacteria forming a dynamic ring that
constricts during division. /n vitro it binds and hydrolyzes GTP, and polymer-
ises in a GTP-dependent manner. The role played by the hydrolysis in filament
stability is not well understood.

In this work we have studied isolated FtsZ protofilaments by AFM obtaining
information about the polymerization, steady state and depolymerization pro-
cess in real-time at the single-molecule level. Previous experiments with
Atomic Force Microscopy (AFM), which provide both high structural resolu-
tion and dynamics information under buffer solution, have reported complex
dynamic behaviour for FtsZ filament network deposited onto a mica surfacel,
A recent model considering a labile longitudinal monomer-monomer bond with
a preferential curvature and flexibility in addition to lateral attraction between
monomers is enough to account for this rich dynamic behaviour!®.

In order to correlate GTPase activity with the labile nature of longitudinal bond
between FtsZ monomers we used slow hydrolizable GTP analogues. We found
a strong decrease on depolymerization velocity when GTPase activity is dimin-
ished allowing us to reveal cyclization, fragmentation, reannealing and release
of monomers from either end or from both simultaneously as the essential fea-
tures of a single FtsZ filament dynamics.

[1]J. Mingorance, M. Tadros, M. Vicente, JM. Gonzalez, G. Rivas and M. Vé-
lez J. Biol.Chem. , 280, 20909-20914, (2005)

[2] A. Paez, P. Mateos-Gil, M. Vélez and P. Tarazona, Soft Matter, 5, 2625-
2637 (2009)
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In the bacterium Escherichia coli, the Min proteins oscillate between the cell poles
to select the cell center as division site. This dynamic pattern has been proposed to
arise by self-organization of these proteins, and several models have suggested
a reaction-diffusion type mechanism. Recently, we have found that the proteins

MinE and MinE are able to spontaneously form planar surface waves on a flat
membrane in vitro. One particular feature of the patterns in vivo and in vitro is
the so-called MinE ring, which defines the directionality of the traveling wave.
How this accumulation of MinE at the trailing edge of the wave arises and its func-
tional role during Min oscillation is not yet fully understood. We have applied
FRET, TIRF and single molecule imaging techniques to study the behavior and
interdependence of the three Min proteins in more detail. This helped us to pro-
pose a novel mechanism of Min protein wave propagation and E-ring formation.
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Arp2/3-mediated polymerization of actin is an important mechanism by which
cells dynamically change their shapes. Recent advances in deciphering a path-
way of dendritic nucleation lay the groundwork for kinetic analyses that would
estimate rate constants of the reaction steps involved in the process. Using ki-
netic models with various assumptions about a pathway’s rate-limiting step, we
have analyzed published quantitative data obtained from pyrene-labeled actin
assays. All the available data are fitted well by two different models: one as-
sumes that the nucleation is limited by the binding of the Arp2/3 complex to
a mother filament whereas in the other, the rate-limiting step is the subsequent
activation of the bound complex. To distinguish between these possibilities
conclusively, we propose experiments with varying initial concentrations of ac-
tin monomers. The experiments need to be performed in nonequilibrium con-
ditions, in which spontaneous formation of aster-like actin structures have
been recently observed. For these conditions, the two models exhibit qualita-
tively different dependences of fluorescence intensity on the initial concentra-
tions of G-actin. The work is supported by National Institutes of Health through
grants 1U54 -RR022232, P41-RR13186, and 1U54-GM64346-01.
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Molecular modeling and simulation now offer unprecedented opportunity to
study biological events at the atomic level. Unfortunately, broad application of
these approaches is elusive due to the difficulty of simulating biologically relevant
length and time scales. I will use our recent investigation into key processes within
the actin cytoskeleton to highlight progress we have made on these challenges.
The self-assembly of actin into a branched network of filaments is a vital pro-
cess within the cytoskeleton of eukaryotic cells. This is chiefly regulated by the
controlled hydrolysis of actin’s bound ATP nucleotide. Although it is well es-
tablished that ATP hydrolysis induces a change in actin’s structure and dynam-
ics, the exact mechanism by which this occurs is still unknown. We have used
a novel computational approach to simulate various hydrolysis-induced struc-
tural transformations that have been suggested in the literature. Based on these
results we are able to suggest a mechanism by which ATP hydrolysis regulates
actin’s structure and dynamics.

Equally important to the dynamics of the cytoskeleton is the process by which
actin filaments are depolymerized in a controlled fashion. Recent experimental
studies have yielded a number of hypotheses regarding the process by which
actin depolymerization factor cofilin severs and depolymerizes filaments. We
will present molecular and coarse-grained analyses of cofilin-bound actin fila-
ments, and provide a molecular view of this process.

Finally, we have performed simulations of the actin branch junction - a key
structural building block in the cytoskeleton. Our simulations reveal how small
features of the actin protein give rise to the underlying dynamics of the entire
branch junction. Strategies for coarse-graining supramolecular structures will
be discussed in context of the branch junction.
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The polymerization and depolymerization of cytoskeleton can transduce chem-
ical energy into mechanical energy that drives cellular motility, such as chro-
mosome segregation to cell protrusion. De novo recapitulation of the cytoskel-
etal phenomena with synthetic material would test our understanding of the
design principles of polymerization motors. In the DNA nanotechnology tool
box, DNA nanotubes are arguably the closest counterparts of cytoskeleton
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