Active random transport in cells: High-resolution mapping of non-
equilibrium cytoskeletal fluctuations using carbon nanotubes

N. Fakhri', A. D. Wessel', C. Willms', M. Pasqualiz, D. R. Klopfenstein', F. C. MacKintosh®,
C. F. Schmidt'*

' Georg-August-Universitit, Drittes Physikalisches Institut - Biophysik,
Friedrich-Hund-Platz 1, 37077 Gottingen, Germany.

* Rice University, Department of Chemical and Biomolecular Engineering, Department of
Chemistry, Smalley Institute for Nanoscale Science and Technology, Houston, TX 77005,
USA.

? Vrije Universiteit, Department of Physics and Astronomy, De Boeleaan 10181, 1081 HV
Amsterdam, Netherlands.

christoph.schmidt@phys.uni-goettingen.de
* Corresponding Author

Keywords: Non-equilibrium fluctuations, cytoskeletal dynamics, single-walled carbon
nanotubes, kinesin, single-molecule fluorescence.

Abstract

Cells are active systems with molecular force generation that drives complex dynamics at the
supramolecular scale. We performed a quantitative study of molecular motions in cells over
times from ms to hours. We observed a regime of active random “stirring” that constitutes an
intermediate mode of transport, different from both thermal diffusion and directed motor
activity. We imaged the highly stable, near-infrared luminescence of single-walled carbon
nanotubes (SWNTs) targeted to kinesin-1 motor proteins in COS-7 cells for non-invasive
tracking. High-frequency motion is thermally driven. At times >100 ms, non-equilibrium
dynamics dominate. In addition to directed transport along microtubules, we observed strong
random dynamics driven by myosins that can drive non-specific transport.



