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G_ ]_ 2 AFM probing opioid signalosome on neuroblastoma
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AFM probing opioid signalosome on neuroblastoma

Lara Gay M. Villaruzl, Catherine Tardin2, Daisuke Mizunol 1Department of Physics, Kyushu
University 2IPBS/CNRS, University of Toulouse, France

Opioid receptors on the nerve cell surface are the major target of pain treatment since they
are responsible for sensing and relieving the pain signals. The confinement domains composed
of a cluster of opioids and many other membrane proteins and lipids could play the role of
signaling platforms (signalosome) that permit the encounter of the various proteins involved
in the enzymatic cascades and therefore the fast response of receptor signaling to extracellular
activation. It is therefore likely that the proper receptor function would coincide with dynamic
physical properties of the signalosome. As a first step towards this motivation, we aim to
detect and quantify the specific interaction between the opioid receptor and its antibody. AFM
probe carboxyl-functionalized is converted into a biosensor by covalently coupling an amine-
containing antibody (T7 mouse monoclonal antibody) through a Polyethylene glycol cross-linker.
The tip modified with anti-T7 can detect the T7-tagged complementary receptor on SH-SY5Y
neuroblastoma cell line. Forces between the tip and receptor were monitored by continuously
indenting and retracting the tip at constant lateral positions. Molecular recognitions are evident
from the attractive signals of a unique shape, as a result of antibody-receptor interaction during
the retract phase. The attractive force increases until the bond between the antibody and

receptor breaks. Distribution of unbinding forces is obtained at different loading rates, different
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Thermal and Athermal Fluctuations in an Active Gel

Heev L. Ayadel, Peijuan Zhangl, Toshihiro Toyotal, Irwin M. Zaid2, Julia Yeomans2 and
Daisuke Mizunol 1Department of Physics, Kyushu University, 8158581 Fukuoka, Japan 2Rudolf
Peierls Center for Theoretical Physics, University of Oxford, Oxford OX1 3NP, UK

In an active gel system (actin/myosin gel), motor proteins spontaneously generate forces and
drive the system out of equilibrium. In this study, we examine the non-equilibrium statistics
and dynamics of the system by analyzing the athermal fluctuation, which is probed by tracking
the position of the embedded particles (video microrheology). The lag-time dependence of the
distribution of the displacements of probe particles, known as van Hove correlation function,
implies the dominance of athermal fluctuations over thermal fluctuations. The distribution
of the athermal fluctuation is found to be far from Gauss, which is linked to the activities
of relatively small numbers of motor proteins. Furthermore, the instantaneous distribution is
found to be understood with Leacute;vy statistics including the rapidly decaying tails due to the
truncation in the actual fluctuation. Sum action of multiple motor proteins, which drives the
probe particle, only slowly converges to Gauss distribution because of the 1/r2 spatial decay of
the motor impacts. We discuss the dependence of the statistics of athermal fluctuations on the

particle size, substantially equal to changing the concentration of myosin motor proteins.
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Non-equilibrium mechanics of athermally driven cell models Peijuan Zhang, Heev Ayade, Daisuke
Mizuno We investigate the non-equilibrium mechanical properties of cells which are driven out
of equilibrium by the molecular motors. Athermal and thermal fluctuations both in the reconsti-
tuted cytoskeleton in vitro and in the cytoplasm in vivo were probed using video microrheology
by tracking probe particles embedded or phagocytosed in the sample. We analyzed the full distri-
bution of probe particles displacements (lag-time dependent Van Hove correlation function) and
found that in vitro and in vivo results showed similar feature ; both exhibited a central Gaussian
and the exponential tails. After regulating (increasing) the concentration of cytoplasm in vivo by
imposing hypertopic stress on the cell with 30mM sucrose, it was found that the exponential side
tail distribution disappeared and the characteristic length for the central Gaussian distribution

was decreased. Since the volume change induced by the hypertonic stress was 20
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