Table of Contents

T L T e P I 1" o S L T St L BBt |

L Tl e e R e R S S RSl s AP ||

CHAPTER 1: INTRODUCTION 12

L1 OVERVIEW

12 ATUMIC FORCE MICROSCOPY IN CELL BIOLDKIY coc.vvmimssscies erims mrsssrrsraroraparsssma s saasabassdsases 14
120 Operation modes of AR
1.2.2  Foree curve analysiz aod Yo s modvies dlerivasisoe..

13 OTHER TECHNIHAIES FOR INVESTIGATION OF SIMNGLE CELL MECHANICS ... - 26

14 THE CY TOSKELETON

L5 THE MITOCHOMDRIA «.c.ooo oo rmnrs

1.6 MECHAMICAL MOBELS OF THE CELL
LT AIMS AND MOTIVATION

1LE THESIS OUTLINE

1.9 PUBLISHED WORK ..o e rmmimrrarases -

Lig REFEREMCES

CHAFTER 2: APPROACHES TO VISUALIZING INTRACELLULAR DEFORMATIONS
FOLLOWING AFM INDENTATION 49

21 INTROOUCTION .o vevms s sssssarmsasssaasnanans .50
22 MATERIALS AND METHODS ..o rssresnssssasinns A T e .53
222 Actin-GFP a transfections ...,
223 Live-cell flovescence dyes
224 AFM indeniation and flvorescence (magilng.
3 RESULTS AMD DHSCUSSION
231 Observations of cytoskeleton and mucloar deformations ... ....oooovoerecoceerssiesesen. 38
212 Observations of mitochomdriad digplacements.... e e s 1
233 Natwral mitachondrial displacements and force-induiced displacements ... 59
234 Observanions of mitochandrial displacements in HFF ceils...
14 T TR BN it Fe i i i




2.5 I I i s e e e e M e e it e &7

CHAPTER 3: TRACKING AND QUANTIFYING MITOCHONDRIAL DSPLACEMENTS ........ %

3.1 T TIRCHRMTTHIML - . e s e 554 Ak b i P A 2 ) 12 At a0 hii]
300 Fluid registration.... i R e Ll vyt s il S AR W
312  Fenure-potnt fracking a-.fgonr.hm

32 MATERIALS AND METHODS ...
£

123 Morion displacements |r'rIr13ﬂmd registration .., T R L e e T
324 Tracking displacements using rbr_.l"m.rnrgmmr rrm.tmg aigoriihm... e R Ay ]

i3 RESULTS AMD DEBCUBENTN . ..c..cc.c.mecevmvmermirs i B S G et s e gt — b it #3
330 Ouantification aof divplacements using the flwid registration afyorithe ....
132 Tracking mitochondrio ueing the feanire-point fracking algeriths ...

34 CORCLUSION...

35 REFEREMCES ...

CHAPTER 4: EFFECT OF CYTOSKELETAL DISRUPTION ON FORCE TRANSMISSION AND
CELL STIFFNESS 0

4.1 DRI TRIEAFTTION o . - .. o o ates 4 e e i 4243544 Tt b 3 s S i e o 95

4.2 MATERIALS AND METHODS
420 Cell Culfure ., .
422 Treament with e_pmv&eﬁeﬂmaﬁsmpnngdmgx
423 Ieemmoflorescence and Imaging. ...
424 Live-cell mitochondrial dve and displacement experiments ... faan
425 AFM indentation mud sxivaerion of Foumng™s Mmoo S8
426 Preparation of spHevical inemers ..o g 99
427 Stemintheal Methods ........o.ocoenmimimcsmgs i ——————————————— s

4.3 RESULTS AND DNSCUSSI0N
431 Effect of cytoskeletal disrupiion i natural mitochondrial motifity
432 Effee of eytoskeletal disruption on fovce-indiced displacement........
433  Effect of cptoskeletal dizruption on cell SHTREES 1avesrirmrerrm s s st st e e

434 Membrame damsge oMol EERIMETIIT. oo s
4.4 IR .- - s e s i 4454t i i s e S s 113

4.5 RUEFEREBITES wiccimriimireimisrmsmimso e oo o LR R R U RIS R R e S SRR LR T 1S 17

CHAPTER &: EFFECT OF RETINOL AND COMIUGATED LINGLEIC ACIT (CLA) ON FOCAL
ADHESIONS AND CELL MECHANICS 1y




Al INTRODUCTION. .,

52 MATERIALS AND METHODS ..o
3zl
R A e e Dl e (8 e T i e s e e 129
423 Immusafluorescence amel BIGEINE. oo oo smmssas st bbb 13n
524 AFM Indentation and extrection of Young s modlus ... 130
525 Preparation of spherical inderters ... 131

524 Senistical Methods ...

53 BESULTS AnD DISCUSSION.., . - 133
530 Effect of retinol and CLA on focal adMesions fErmaiion ..o 'EE]
332 Efect of reinol amd CLA 0 CEl SUMERE .c.ooeoooeeor oo ssessss s sssese s ene ot eeeeeeeseeeeemeees 135
533 Effect of retimel and CLA on forve-indhced displocements of mitechandria._____ o e 142

54 [ T ) i e R RTS8 11 N LT A I ~ 145

55 T e T RO R R UT U s W MR TR L 149

CHAPTER 6: CONCLUSIONS AND FUTURE PROSPECTS 156




