
Anisotropy in cell mechanics
Schakenraad, K.K.

Citation
Schakenraad, K. K. (2020, May 13). Anisotropy in cell mechanics. Casimir PhD Series.
Retrieved from https://hdl.handle.net/1887/87895
 
Version: Publisher's Version

License: Licence agreement concerning inclusion of doctoral thesis in the
Institutional Repository of the University of Leiden

Downloaded from: https://hdl.handle.net/1887/87895
 
Note: To cite this publication please use the final published version (if applicable).

https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/87895


 
Cover Page 

 
 

 
 
 

 
 
 

The handle http://hdl.handle.net/1887/87895 holds various files of this Leiden University 
dissertation. 
 
Author: Schakenraad, K.K. 
Title: Anisotropy in cell mechanics 
Issue Date: 2020-05-13 
 

https://openaccess.leidenuniv.nl/handle/1887/1
http://hdl.handle.net/1887/87895
https://openaccess.leidenuniv.nl/handle/1887/1�


Anisotropy in cell mechanics

Proefschrift

ter verkrijging van
de graad van Doctor aan de Universiteit Leiden,

op gezag van Rector Magni�cus prof. mr. C.J.J.M. Stolker,
volgens besluit van het College voor Promoties

te verdedigen op woensdag 13 mei 2020
klokke 16:15 uur

door

Koenraad Keith Schakenraad

geboren te Venray
in 1990



Promotor: Prof. dr. R.M.H. Merks
Co-promotor: Dr. L. Giomi

Promotiecommissie: Prof. dr. M. Alber (UCR, Riverside, VS)
Dr. L.M.C. Janssen (TU Eindhoven)
Prof. dr. A. Doelman
Prof. dr. T. Schmidt
Prof. dr. P. Stevenhagen

Casimir PhD series, Delft-Leiden, 2020-07
ISBN 978-90-8593-434-9
An electronic version of this thesis can be found at openaccess.leidenuniv.nl.

The work described in this thesis was carried out at Leiden University within the
Leiden Institute of Physics (LION) and the Mathematical Institute (MI). It was funded
by a Leiden/Huygens PhD fellowship.

The cover shows an artist’s impression of a cell with an anisotropic internal structure,
inspired by the visualization of stress �ber orientations in Chapters 3 and 4. Drawing
by Dorien de Wit, design by Marijn de Wit.

https://openaccess.leidenuniv.nl


Contents

1 Introduction 1

1.1 The cytoskeleton . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.2 Cell migration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
1.3 Outline of the thesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

I Mechanics of the cytoskeleton 13

2 Cytoskeletal anisotropy controls geometry and forces of adherent cells 15

2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
2.2 The model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
2.3 Results and discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
2.4 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
2.5 Materials and methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
2.6 Appendix . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

3 Mechanical interplay between cell shape and actin cytoskeleton organi-

zation 33

3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34
3.2 Equilibrium con�guration of the cell contour . . . . . . . . . . . . . . . . 36
3.3 Interplay between orientation of the cytoskeleton and cellular shape . . 43
3.4 Numerical results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47
3.5 Discussion and conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . 57
3.6 Appendix . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58

4 A hybrid Cellular Potts Model predicts stress �ber orientations and trac-

tion forces on micropatterned substrates 69

4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
4.2 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73
4.3 Discussion and conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . 88
4.4 Appendix . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89

i



CONTENTS

II Cell migration 93

5 Topotaxis of active Brownian particles 95

5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96
5.2 The model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97
5.3 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99
5.4 Discussion and conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . 107
5.5 Appendix . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108

6 Final conclusions and outlook 113

6.1 Outlook . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115

Bibliography 119

Samenvatting 141

Publication List 145

Curriculum Vitae 147

Acknowledgements 149

ii


