B

7
>

Nanofysica in de Levende Cel

<IFOM Institute

AMOLF




Actin networks

Biopolymer networks

Visco-elasticity

Dynamic microtubules




. Kinesin
Molecular Machines

Force generation

Transport

Diffusion

Ribosome







Biophysical assays
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Optical tweezers




Light gradient

Principles

Stable trap:

Focused laser
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Steps: First direct observation Nature 365, 721 (1993)

Direct observation of kinesin stepping by
optical trapping interferometry

Karel Svoboda ', Christoph F. Schmidt *, Bruce J. Schnapp’
& Steven M. Block '

* Rowland Institute for Science, 100 Edwin Land Boulevard, Cambridge, Massachusetts 02142, USA
T Committee on Biophysics, Harvard University, Cambridge, Massachusetts 02138, USA
§ Department of Cell Biology, Harvard Medical School, Boston, Massachusetts 02115, USA

Do biological motors move with regular steps? To address this question, we constructed instru-
mentation with the spatial and temporal sensitivity to resolve movement on a molecular scale.
We deposited silica beads carrying single molecules of the motor protein kinesin on micro-
tubules using optical tweezers and analysed their motion under controlled loads by interfero-
metry. We find that kinesin moves with 8-nm steps.




Kinesin stepping in force clamp: Ax kept constant through feed-back
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DYNAMIC MICROTUBULES
GENERATE PUSHING AND
PULLING FORCES IN CELLS
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MICROTUBULE FORCES IN CELLS

Pushing and pulling at
microtubule — kinetochore
interface

Inoue & Salmon, Mol. Biol. Cell, 1995

Schibler et al.

Rieder et al.




Microfabricated model environment
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Reconstituting the Pulling
Force Generating Machinery




Reconstituting the Pulling
Force Generating Machinery

Kinetochore




Reconstituting the Pulling
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Reconstituting the Pulling
Force Generating Machinery
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Keyhole optical trap
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Microtubule Growth Details under Force
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Recent results: few nm noise (effectively)
Older results: Kerssemakers et al, Nature 2006

Laura Munteanu, Julien Husson
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The MT-dynein connection generates pulling forces up to 5 pN




barrier

/0
; °
i o
o O & &
° o }O‘G. &
(o]
&
8

Force (pN)
» = N o N = »

20 40 60 80
time (sec)

The MT-dynein connection generates pulling forces up to 5 pN,




Force (pN)
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The MT-dynein connection generates pulling forces up to 5 pN,
which position microtubule asters in confined spaces!
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