CONTENTS

1

INTRODUCTION
REFERENCES . . . . o o o i it it et e e e i e e e e e e e e e e e e e

INTERMEDIATE FILAMENTS — FROM PROTEINS TO NETWORKS

2.1 Structure and assembly of intermediate filament proteins

2.2 Mechanical properties of single intermediate filaments . . . .
2.2.1 Persistencelength. . . .. ..... ... .. .. .. .. ..
2.2.2 Stretchingresponse. . . . .................

2.3 Networks of reconstituted intermediate filaments . . ... ..

2.4 Structure and function of intermediate filament networks in
cells . . . . e
2.4.1 Intermediate filament networks and cell mechanics . .
2.4.2 Keratin networks in cellsunderload . . . . . . ... ..

REFERENCES « « « ¢ v v vt v ittt e et et e e e et e e e e e e

BIOPOLYMER MECHANICS — THEORETICAL AND EXPERIMEN-
TAL PRINCIPLES
3.1 Optical tweezers. . . . .. ... ... .. ..........
3.1.1 Particle trapping . . .. ... ... ... ... . L.
3.1.2 Forcedetection . ... ...................
3.2 Microrheology . . . .. ...... ... .. .. .. ...
3.2.1  Rheology of viscoelastic materials . ... ........
3.2.2 Passive microrheology: microparticle tracking . . . . .
3.2.3 Active microrheology: optical trapping . . . ... ...
3.3 Polymermechanics . . ... ... ... ... .. ... .. ...,
3.3.1  Entropic stretching of worm-like chains . . . . . .. ..
3.3.2 Worm-likebundles . . . . ... ... ... ... ...
3.3.3 Networks of semiflexible polymers . .. ........
3.4 Molecularreactions . . . . ... ... ... . L ...
3.4.1 Step-growth polymerization ... ............
3.4.2 Molecular reaction kinetics — two state models . . . . .
REFERENCES . . . . vttt ittt ittt it et e e e e e

Bibliografische Informationen
https://d-nb.info/1279435747 digitalisiert durch

9
10
14
14
15
17

19
20
21

23

37
37
39
41
45
45
46
49
51
51


https://d-nb.info/1279435747

4

ii

MATERIALS AND METHODS 69

4.1 Vimentin preparation . . . . .. .. ... ... ... .. ..., 69
4.2 Maleimide functionalization of polystyrene beads . . . . . . . 71
4.3 Stretching single filaments by optical trapping . . . . . . . .. 72
4.4 Analysis of single filament mechanics . . .. ... ... .. .. 73
4.5 Force-strain Monte-Carlo simulations . . ... ......... 76
4.6 Optical trap measurements of individual filament-filament
interactions . . . . . ... ... e 76
4.7 Analysis of the interactiondata . . . .. ... .......... 79
4.8 Microrhelogy of reconstituted vimentin networks . . ... .. 82
4.9 Analysis of microrheology experiments . . . . ... ... ... 84
4.10 Imaging filamentnetworks . . ... ... ... ... .. .. .. 86
4.11 Imaging single filaments . . . . . ... ... ... ... ... .. 87
4.12 Analysis of filamentlengths . . . ... ... ........... 87
4.13 Finite element simulation of the microfluidic flowcell . . . . . 88
4.14 Stretching MDCK II cells on elastic substrates . . .. ... .. 90
4.15 Analysis of images of stretched cells . . . .. ... ....... 95
REFERENCES . . . v v vttt vttt e e et et e e e e e e 96

TUNING INTERMEDIATE FILAMENT MECHANICS BY VARIATION

OF PH AND ION CHARGES 103
5.1 Introduction . ... ... ... ... .. ... 104
52 Resultsand discussion . . .. ... ... ... ... ... ..... 106
5.2.1 Cations stiffen single vimentinIFs . . ... ... .. .. 106
5.2.2 Stretching vimentin filament bundles . . .. ... ... 111
5.2.3 IF mechanics adapttopH changes . . . ... ... ... 113
5.2.4 IF stiffening saturatesatlowpH ... ... .. ... .. 115

5.2.5 Variations in the free energy landscapes influence
filament mechanics . . . . .. ... .. L L. 116
53 Conclusions . ... ... ... .. . ... .. .. 124
REFERENCES . « « v v v v vttt it e et e e e e e e e e e e e e 125

MULTISCALE MECHANICS AND TEMPORAL EVOLUTION OF VI-

MENTIN INTERMEDIATE FILAMENT NETWORKS 131
6.1 Introduction . ......... .. ... ... .. ..., 132
6.2 Resultsand discussion . . ... ... ............... 133



6.2.1 Vimentin filament networks mature and stiffen on

timescalesofdays . . ................... 133

6.2.2 The filament length depends on elongation and lateral
association . . . . .. ...l 135

6.2.3 Electrostatic and hydrophobic interactions lead to me-
chanically distinct networks . . . . .. ... ... .... 136
6.2.4 Maturation of networks is concentration dependent . . 141
6.2.5 Surface effects modify network structures . ... ... 142

6.2.6 Single filament mechanics are unaffected by deter-
gents or divalentions . ... ............... 144

6.2.7 Electrostatics increase single filament-filament inter-
actions . . ... ... e 146

6.2.8 Interactions are independent of binding-site encounter
rate . ... L Lo e 151

6.2.9 A two-state model accurately describes network me-
chanics . . . .. .. . e 152
6.3 Conclusions . . . ... ... .. ... .. e 154
6.4 Outlook. ... ... ... . .. . . 155

6.4.1 Entropic and elastic stretching of single vimentin fila-
ments. . . . . .. e e e e e 155
6.4.2 Single interactions of pre-strained filaments . ... .. 158
REFERENCES .« ¢ v v v vttt ittt e e e e e e e e e e e e e e 161

RESPONSE OF ACTIN AND KERATIN STRUCTURES TO ISOTROPIC

CELL STRETCHING 169

7.1 Introduction . . ... ... ... ... ... o L 169

7.2 Resultsand Discussion . . . . .. ... ..... ... ..... 170

7.2.1  Equibiaxial stretching of PDMS devices . .. ... ... 170

7.2.2 The cell area increases during isotropic stretching . . . 174
7.2.3 Actin stress fibers disassemble at increasing cell ex-

tension . . ... .. o e 175

7.2.4 The keratin structure adapts to increasing strains . . . 179

73 Conclusion . . . . ... ... e 182

REFERENCES . . . vt v v vttt it ettt e e e e e e e 182

DISCUSSION AND CONCLUSION 187

REFERENCES « « &« v v vt et et e et e e e e e e e e et e e e 194



APPENDIX 199

A SUPPORTING INFORMATION: TUNING INTERMEDIATE FILAMENT
MECHANICS BY VARIATION OF PH AND ION CHARGES 199
A1 Flowsimulations ... ... ............ . ... ..., 199
A.2 Single force-straincurves . .. ... ... ... ... .. ... 202

B SUPPORTING INFORMATION: MULTISCALE MECHANICS AND TEM-
PORAL EVOLUTION OF VIMENTIN INTERMEDIATE FILAMENT
NETWORKS 205
B.1 Additional information for elongation measurements . . . . . 205
B.2 Data analysis of microrheology measurements . . . .. .. .. 208
B.3 Modeling single interactions. . . . ... ... ... ....... 218

C SUPPORTING INFORMATION: RESPONSE OF ACTIN AND KER-
ATIN STRUCTURES TO ISOTROPIC CELL STRETCHING 225
REFERENCES . .« o vttt ittt it i et e e e e e e e e e e 227

Acknowledgments 229

List of acronyms 232

Publications 234

iv



