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reversing this detrimental effect to maintain healthy transport in cells remain
unknown. Here we report the unambiguous up-regulation of multiple-kinesin
travel distance along tau-decorated microtubules, via decreased single-
kinesin velocity. Intriguingly, the presence of tau on microtubules also
modestly reduced velocity in multiple-kinesin transport. Our stochastic sim-
ulations indicate that the tau-mediated reduction in single-kinesin travel is
sufficient to recover the observed reduction in multiple-kinesin velocity.
Taken together, our observations uncover a previously unexplored role
of tau for inhibiting multiple-kinesin velocity via reducing single-kinesin
travel distance, and suggest that single-kinesin velocity is a promising exper-
imental handle for reversing the effect of tau on multiple-kinesin travel
distance.
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Using the slowly hydrolyzable GTP analog GMPCPP and the nonhydrolyz-
able GTPgS, we polymerize microtubules that recapitulate the end binding
behavior of EB1 along their entire length, and investigate the impact of EB1
binding on microtubule mechanics. Through equilibrium binding measure-
ments, we find EB1 has a stronger affinity to microtubules polymerized
with GTPgS than to those polymerized with GMPCPP, and that in the
case of GMPCPP-microtubules the binding affinity can be modestly
increased by copolymerization with taxol. Using a spectral analysis method
to determine filament stiffness from the ensemble of shapes adopted by
freely diffusing, fluorescently-labeled microtubules, we find that stiffness
is also sensitive to polymerization conditions, and that the magnitude of
the EB1-induced change in microtubule stiffness is not proportional to
EB1-microtubule binding affinity. Although EB1 has a strong stiffening ef-
fect on GMPCPP-microtubules, this effect is abolished when the filaments
are doubly stabilized by both GMPCPP and taxol. By observing quantum
dot labeled kinesins walking on GMPCPP and GTPgS microtubules we
again find that the presence of taxol is an important factor. For
GMPCPP-microtubules adding 100 nM of EB1 significantly reduces kinesin
speed (by ~30%) compared to the no EB1 condition, but when microtubules
stabilized by both taxol and GMPCPP are used, the speed reduction is
nearly abolished (~5%). Direct observation of EB1 diffusion along the
microtubule lattice also shows taxol-dependent differences in EB1 mobility
and may explain this effect on kinesin translocation speeds. Taken together,
our data suggest a new possible mechanism for the regulation of microtu-
bule function by EB1 in which plus end microtubule mechanics are directly
modulated through structural changes of the microtubule lattice. Our results
also raise important questions about the effects of taxol on microtubule-
MAP interactions.
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Most organelle movements in cells is due to enzymatic activity of a combina-
tion of kinesin variants and dynein molecular motors along the microtubules.
In essentially all studies to date, it has been implicitly assumed that vesicular
transport is unbiased throughout the cell. That is, while there can be global
signaling events that change overall motion, molecular motors on individual
cargos are not shown to respond to local changes in opposition to motion. The
accepted models in the field predict that the groups of molecular motors func-
tion in a stochastic way. Here, we discover that this is not the case. Remark-
ably, our data shows that in cells, sub-cellular cargos (such as lipid droplets)
can ‘sense’ when they are stuck, and respond by dynamically increasing effi-
cacy of force production. This is quite surprising, and was entirely
unexpected.
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Photochromic molecules can be interconverted between two quite different
states with different spectroscopic properties using two different wavelength
lights. Therefore, the photochromic molecules have received much attention
because of their potential application to optical switches, bio-nanodevices,
and molecular machines. Azobenzene is a typical photochromic molecule
that undergoes rapid and reversible isomerization between the cis and trans-
isomer in response to ultraviolet (UV) and visible (VIS) light irradiation,
respectively. Previously, we have succeeded to control microtubule dependent
ATPase activity of kinesin in which functional region was modified with azo-
benzene derivative photo-reversibly. Moreover, we synthesized photochromic
ATP analogue PABITP composed of azobenzene to regulate ATP driven mo-
tor proteins. PABITP induced microtubule gliding for kinesin and the gliding
velocity altered correlating to cis-trans photo-isomerization of azobenzene
moiety. For myosin, although PABITP was hydrolyzed as a substrate for
ATPase and induced conformational change of myosin motor domain, PA-
BITP did not drive actin gliding. In this study, we designed and synthesized
a novel photochromic nucleotide analogue composed of photochromic fulgi-
mide moiety in order to regulate ATP driven molecular motors, myosin and
kinesin photo-reversibly. The photochromic ATP analogue, Fulgimide-Tri-
Phosphate (FITP) exhibited ring-opening and ring-closing photo-isomeriza-
tion upon UV and VIS light irradiations. FITP worked as a substrate of skel-
etal muscle myosin and induced dissociation of acto-myosin in a different
manner upon UV and VIS light irradiations. We also examined the interaction
of FITP with kinesin and its effect for the polymerization of tubulin to
microtubules.

1794-Pos Board B524
Mechanics of Kinesin-Crosslinked Microtubule Networks
Yali Yang, Megan T. Valentine.
Mechanical Engineering, University of California, Santa Barbara, Santa
Barbara, CA, USA.
We have recently shown that the mechanical properties of chemically cross-
linked microtubule networks depend sensitively on the single-molecule proper-
ties of the crosslinking molecules they contain. In particular, for networks that
are rigidly crosslinked by biotin-streptavidin, a small number of crosslinkers
bear stress, and their force-induced detachment from the microtubule deter-
mines the time-dependent network rearrangements. Interestingly, the network
retains its elastic modulus even under conditions of significant plastic flow, sug-
gesting that crosslinker breakage is balanced by the formation of new bonds.
This leads to a remarkable resilience under repeated loading, as long as a suf-
ficient number of the original crosslinkers are preserved per loading cycle. In
this current work, we have expanded our study to include compliant cross-
linkers, formed by multimeric complexes of kinesin-1. A variety of biophysical
approaches are used, including electron and optical microscopy to measure
network architecture under different crosslinking conditions, and magnetic
tweezer-based microrheology to determine the creep response of the networks
under controlled loading. We find that protein compliance and filament
bundling enables load splitting among adjacent crosslinkers, thereby enhancing
material strength and diminishing the importance of single crosslinker unbind-
ing in determining the mesoscopic rheology. Our results are important to under-
standing how network architecture and crosslinker properties influence network
mechanics, and are particularly important to understanding the role of kinesin
proteins in forming stress-transmitting microtubule structures, such as the
mitotic spindle.
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Glioblastoma (GBM) tumors are thought to arise from a subpopulation of brain
tumor-initiating cells (BTICs), which mediate therapeutic resistance and seed
new tumors. Virtually nothing is known about the role of extracellular matrix
(ECM) mechanical inputs in controlling BTIC invasion and tumorigenesis,
despite the recognized importance of these signals in tissue dysplasia and

cell motility. Here we show that human
BTICs can evade the inhibition of
spreading, migration, and proliferation nor-
mally imposed by compliant ECMs.
Remarkably, activation of myosin II-
dependent contractility restores this inhibi-
tion, strongly restricts BTIC ECM invasion
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in vitro, and dramatically extends survival and limits infiltration in vivo. This is
the first direct evidence that manipulation of mechanotransductive signaling
can alter the tumor-initiating capacity of brain TICs, supporting further explo-
ration of these signals as potential therapeutic targets.
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Actomyosin stress fibers (SFs) enable cells to exert traction on planar extracel-
lular matrices (ECMs) by tensing focal adhesions (FAs) at the cell-ECM inter-
face. While it is widely appreciated that the spatiotemporal distribution of these
tensile forces play key roles in polarity, motility, fate choice, and other defining
cell behaviors, virtually nothing is known about how an individual SF quanti-
tatively contributes to tensile loads borne by specific molecules within associ-
ated FAs. We address this key open question by using femtosecond laser
ablation to sever single SFs in cells while tracking tension across vinculin using
a fluorescence resonance energy transfer (FRET) -based molecular optical
sensor. We show that disruption of a single SF reduces tension across vinculin
in FAs located throughout the cell, with enriched vinculin tension reduction in
FAs oriented parallel to the targeted SF. Remarkably, however, some subpop-
ulations of FAs exhibit enhanced vinculin tension upon SF irradiation and un-
dergo dramatic, unexpected transitions between tension-enhanced and tension-
reduced states. These changes depend strongly on the location of the severed
SF, consistent with our earlier finding that different SF pools are regulated
by distinct myosin activators. To unify these findings, we present a structural
model in which central SFs are more interconnected and mutually reinforced
than peripheral SFs due in part to the presence of transverse actomyosin struc-
tures that link central SFs into a cohesive network. Tension released upon
compromise of a central SF is thus broadly redistributed to other stress fibers
and focal adhesions, resulting in cell shape stabilization. These studies repre-
sent the most direct and high-resolution intracellular measurements of SF con-
tributions to tension on specific FA proteins to date and offer a new paradigm
for investigating regulation of adhesive complexes by cytoskeletal force.
(Chang and Kumar, J Cell Sci 2013)
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Hypertension and aging are both recognized to increase aortic stiffness, but the
underlying mechanisms are not completely understood. Most prior studies have
attributed increased aortic stiffness to mechanical changes within the extracel-
lular matrix proteins of the aortic wall. Alternatively, we hypothesize that a sig-
nificant component of increased vascular stiffness in hypertension is also due to
changes in the mechanical properties of vascular smooth muscle cells
(VSMCs), and that the contribution of this mechanism is augmented during hy-
pertensive aging. Accordingly, we studied aortic stiffness in young (16wks) and
old (64wks) spontaneously hypertensive rats (SHR) and Wistar-Kyoto (WKY)
wild-type controls. Systolic aortic pressure, measured by Millar micromanom-
eter catheter, was significantly increased in the old compared to young SHR
(19158 mmHg vs 15756 mmHg, p < 0.01), but not in WKY (old, 10956
mmHg vs young, 10256 mmHg). Excised aortic ring segments were subjected
to physiological levels of mechanical stretch ex vivo, and the wall stress within
these ring segments, as well as their tangential elastic moduli, were greater in
SHR vsWKY (p< 0.05). VSMCswere isolated from the thoracic aorta, and the
elastic stiffness of individual VSMCs was measured by an atomic force micro-
scopy nano-indentation technique. Hypertension increased VSMC stiffness
more, p < 0.05, in young SHR (2654 kPa) compared to young WKY
(1452 kPa). Aging also increased VSMC stiffness, p < 0.05, in old versus
young SHR. Importantly, the increase in VSMC stiffness in young SHR versus
young WKY (92515%) was less, p < 0.05, than that observed between old
SHR versus old WKY (13152%). Our findings that the mechanical properties
of VSMCs are sensitive to hypertension, and also to aging, suggests this as a
novel mechanism for increased aortic stiffness that occurs with hypertension
and aging. (NIH 5R01HL102472-SFV and NIH PO1-HL-095486-GAM)
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Changing shape is changing structure. Deciphering the mechanical contribu-
tion of the structural elements of the cells in shape changes is thus crucial
to link the mechanical control of growth with development. Many measure-
ments on plant and animal cells rather stress the differences in mechanical
properties between both kingdoms. However, this conclusion relies on inde-
pendent measurements, with very different set-ups and tissues, thus impairing
any quantitative comparison. Here we took advantage of a previously
described micro-rheometer to compare animal and plant single cell rheology
with the same set-up. Using this method, we were able to quantitatively assess
the dominant elastic behavior of plant cells in different conditions, and
compare it with the viscoelastic behavior of animal cells. Surprisingly, we
found that wall-less plant cells exhibit the same rheology as animal cells.
This suggests that, despite the main structural differences between animal
and plant cells, they also share a common mechanical core. Further investiga-
tions revealed that microtubules were the main responsible for the rheological
behavior of wall-less plant cells whereas the mechanical properties of animal
cells were mainly dependent on the actin network. Thus, wall-less plant cells
and animal cells may have developed different strategies to converge to the
same mechanical behavior.
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As part of their physiological functions, most cells need to respond to mechan-
ical stimuli such as deformations, forces, and stiffness of the extracellular ma-
trix. In particular, cells cultured on elastic substrates with a rigidity gradient
align their shape, their cytoskeletal structures and their traction forces along
the direction of highest stiffness.
In order to identify the role of actomyosin-based contractility in rigidity
sensing, we developed a single cell technique allowing us to measure the trac-
tion force as well as the speed of shortening of isolated cells deflecting micro-
plates (i.e. springs) of variable stiffness. We will show that the mechanical
power (energy per unit time) invested by the cell to bend the microplates
was adapted to stiffness, and reflected the force-dependent kinetics of myosin
binding to actin (Hill law of muscle contraction)1. We will also present a unique
force-measurement protocol allowing us to change the effective stiffness felt by
a single cell in real time (~0.1 second). This technique revealed that cell
contractility was instantaneously adapted to the change in stiffness2.
Such an instantaneous response could hardly be explained by chemical trans-
duction pathways. It would rather suggest that early cell response to stiffness
could be purely mechanical in nature. This mechanical adaptation may translate
anisotropy in substrate rigidity into anisotropy in cytoskeletal tension, and
could thus coordinate local activity of adhesion complexes and guide cell
migration along rigidity gradients.
[1] Mitrosslis et al., ‘‘Single-cell response to stiffness exhibits muscle-like
behavior’’, PNAS, 106, 43, 2009.
[2] Mitrosslis et al., ‘‘Real-time single-cell response to stiffness’’, PNAS, 107,
38, 2010.
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The cytoskeleton plays a central role in transmitting and generating mechan-
ical forces through the cell. It is composed of three interconnected networks,
actin, microtubules and intermediate filaments (IF). Desmin belongs to the
type III IF, specifically expressed in muscles. Desmin is essential to maintain
the integrity and functioning of muscles. More than fifty mutations have been
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