
Index

α-internexin   106
A-type lamins   52, 54–56
actin   6, 32, 55–56, 65, 85, 96–97, 

100–105, 107, 109, 111–112, 
115–116, 118–119, 136

   nuclear   55
actin cytoskeleton   56, 58, 84, 91, 

96, 103
actin filaments   55, 65, 100, 

104–105, 107, 118–119, 
141–142, 151

actin network   111, 119
actin transport   111–112
actin–myosin networks   107
adenosine triphosphate (ATP)   15, 

17–18, 23, 31–32, 36–37, 
101, 104, 115–116

adhesion complexes   100, 107, 119
adhesion patterns   124
adhesion strength   89–90
AFM, see atomic force microscopy
amino acids   4, 7–9, 52, 62
anterograde transport of 

microtubules   110
aorta   86, 132
   ascending   130–132, 134
aortic valve   128, 130, 132, 

144–147, 150–151, 155
   diseased   133, 149
aortic valve disease   133, 146–147, 

151, 154
aortic valve leaflets   145, 149–150
aortic valve sclerosis   134
aortic valve stenosis   134
apoptosis   80, 87, 135, 146–147
artificial living systems   7, 78

atomic force microscopy (AFM)   12, 
17, 49, 51, 59, 61, 64, 66–71, 
73, 75, 77–81

ATP, see adenosine triphosphate
ATP hydrolysis   17, 29–30, 36, 38, 

101, 104, 115
ATP synthase   17, 30–31
axonal growth   110, 120
axonal neurofilaments, bowed   

106, 124
axonal transport   12, 101, 

108–109, 111, 113, 115, 117, 
124–125

   molecular motor-mediated   100
axons   5, 65, 99–103, 105–114, 

119–124
   distal   102

β-catenin   149, 151
B-type lamins   52, 54–55, 57
BAEC, see bovine aortic 

endothelial cells
BAV, see bicuspid aortic valve
bicuspid aortic valve (BAV)   155
biomechanics
   neuronal   124
   nuclear   59
blood vessels   10, 128
bloodstream   6
BMP, see bone morphogenic protein
Boltzmann distribution   18–19, 21, 

23–25
Boltzmann equation   42
Boltzmann’s constant   21, 47



212 Index

bone morphogenic protein 
(BMP)   146, 151

bovine aortic endothelial cells 
(BAEC)   88, 92

calcific aortic valve disease 
(CAVD)   133–134, 146, 154

calcification   144, 147–148, 
154–155

calcium   4, 6
cancer   86, 95, 98, 129
cancer cells   95
carbon   3, 46
cathepsins   146
CAVD, see calcific aortic 

valve disease
cell adhesion strength   89–90
cell mechanics   7, 91, 93
   neuronal   101
cell membrane   4, 6–7, 32, 61–62, 

64–65, 67–69, 76
cell migration   89–90, 98
cell motility   65, 88–90, 95
cell stiffness   93, 98
cell–matrix adhesions   136–137
cells
   apoptotic   145
   cancerous   95
   eukaryotic   76
   fibroblastic   88
   glial   87
   glioma   95
   hepatic stellate   129
   mammalian   54
   multipotent mesenchymal 

progenitor   132
   muscle   18
   neuroblastoma   123
   neuronal   111, 123
   non-attachment-dependent   86
   pancreatic stellate   129

   vertebrate   54
cell–substrate interactions   12, 

83–98
cell–substrate mechanics   97
CFD, see computational fluid 

dynamics
chemomechanical transition   39, 

41
chromatin   49–51, 56–57
collagen   6, 61–64, 69, 82–85, 88, 

90, 92–93, 96, 129, 131, 133, 
136

   glycated   96–97
collagen gels   144–145
collagen substrates   93
collagen synthesis   138–139, 

145–146
compressive forces   118–119
computational fluid dynamics 

(CFD)   146
cytoplasm   7, 51, 56
cytoskeleton   5, 58–59, 64–65, 

92–93, 100–102, 106, 
108–109, 111–113, 115, 
117, 121, 136, 139–143, 147

diabetes   86, 95, 98, 155
diffusion, rotational   29
durotaxis   88–89
dynactin   115, 117
dynein   6, 102–103, 107–108, 

110–111, 113, 115–117, 
120

   microtubule-associated motor 
protein   120

endothelial cells   67, 84, 86–87, 90, 
93, 96, 130

   bovine aortic   88, 92



213Index

   vascular   130
entropic spring   18–19
epithelial cells   136
   tubular   129
euchromatin   49–50
extracellular matrix   7, 11, 63, 

83–84, 94, 128

FAK, see focal adhesion kinase
FAs
   see focal adhesions
   supermature   136–137, 152
fibroblasts   51, 57, 86–88, 92–93, 

95, 135–137
fibronectin   83–85, 87, 90, 92–93, 

136, 138, 148
fibrosa   131, 149, 151
fibrosis   127–129, 133, 138, 

150–152, 154–155
fibrotic valves   151, 153
fibrous encapsulation   155
filament proteins, intermediate   59, 

106
fluorescent tubulin   110
focal adhesion kinase (FAK)   85, 

137, 143
focal adhesions (FAs)   85, 87, 97, 

107, 136–137
Forster resonance energy 

transfer (FRET)   54
FRET, see Forster resonance 

energy transfer

G-actin   104–105
G-protein   6, 151
GAPs, see GTPase-activating 

proteins
genes   3, 7, 50–52, 57, 62, 86, 130
genetic code   46–47

genome   13, 47, 51, 59, 61
   viral   79
GTPase-activating proteins 

(GAPs)   141

heterochromatin   49–51
heterodimers   26
histone octamers   49
histones   48–50, 59
hydrolysis   45, 102, 104, 115

integrin activation   90, 140
integrin–matrix protein   90
integrin–matrix protein bond   87
intermediate integrin–matrix 

protein   90
interstitial cells   130
   isolated aortic valve   11

lamin A-reduced cells   56
lamin assembly   53
lamin associated proteins (LAPs)   

54–55, 57, 138–140, 147, 
152, 155

lamin B-receptor   50, 55
lamin B1   52–53, 56
lamin B2   53–54
lamin-depleted nuclei   56
lamin filaments   54
lamin nucleoskeleton   57
lamin protein structure   52
lamin proteins   50, 52
lamina   51–52, 56–57, 80
lamina nucleoskeleton   55
laminin   83–84, 87
LAPs, see Lamin associated 

proteins



214 Index

large latent complex (LLC)   59, 
138–140, 143, 152, 155

LLC, see large latent complex
LOX, primary tumor cells secrete   

95

macromolecules   15, 17, 39
   biological   16–17, 20
mammary epithelial cells   95
MAPs, see microtubule-associated 

proteins
Maxwell’s demon   2, 30, 43
mechanics
   neuronal   101, 114, 125
   nuclear   51, 56–57, 59
membrane
   biological   67, 69
   neuronal   65
membrane-protein interactions   77
metalloproteinases   133, 153
micropipette aspiration   51, 58
microtubule-associated proteins 

(MAPs)   102, 104
microtubule-based forces   120
microtubule destabilizing drugs   

119
microtubule dispersions   66
microtubule dynamics   107
microtubule polymerization   119
microtubule protofilament   19
microtubule transport   109–110, 

113
   retrograde   111
microtubules
   axonal   109
   liquid-stabilized   67
   neuronal   107
   polymerized   102
MLC, see myosin light chain
motors
   biological   20
   macroscopic   20

   microtubule-based   104
Müller cells   11
myocytes, cardiac   86, 92–93
myofibroblast contraction    

139–140, 143
myofibroblast integrins   140, 142
myofibroblastic differentiation   

129, 144, 147, 154
myofibroblasts   127–130, 133, 

135–137, 139–144, 147, 
149–150

myofibrogenesis   147–149
myosin   4, 6, 17, 43, 51, 103–105, 

108, 115–118
   nuclear   55
myosin light chain (MLC)   103, 141, 

153

NEBD, see nuclear envelope break 
down

neurofilament mobility   106, 117
neurofilament transport   113–114
neurofilaments   105–108, 111, 

113–114, 119, 124, 126
neuromechanics   117–119, 121, 

123
neuronal growth   123
neurons   2–3, 6, 76, 84, 99–103, 

105, 107–108, 111–112, 
117–126

   compressive mechanical 
properties of   124

   forebrain   124
neutrophils   86, 89, 91
nuclear envelope break down 

(NEBD)   53
nucleoplasm   50, 57
nucleoskeleton   50, 52, 54–60
nucleoskeleton-cytoskeleton 

connections   56
nucleoskeleton mechanics   55
nucleotides   7, 45, 115
nucleus mechanics   45–60



215Index

osteosarcoma cells   90

peripheral nerve cells   65
perlecan   84
phosphorylates   138
phosphorylation   50, 53, 104, 114, 

141, 148
   neurofilament   113–114
PKG, see protein kinase G
polyacrylamide gels   84, 86, 92, 

97–98
porcine aortic endothelial cells   

96–97
prelamin A   53, 55, 57
protein kinase G (PKG)   149, 151
protein mechanics   8
proteins
   cytoskeletal   5, 105
   fluorescent actin fusion   112
   inner-nuclear membrane-lamin-

binding   50
   integrin   107
   lamin-binding   50
   LEM-domain   50, 55
   microtubule-associated   102
   motor   6, 39, 51, 102, 104, 109, 

112–117, 119, 125
   nucleoskeletal   54
   transmembrane heterodimeric   

84
proteoglycans   83–84, 131
proto-myofibroblasts   136–137
prototypical myofibroblast 

marker   133, 151

red blood cells   2, 18, 76

serum response factor (SRF)   141, 
143

siRNA   60
SMCs, see smooth muscle cells
smooth muscle cells (SMCs)   

86–90, 93, 135–136
spongiosa   131
SRF, see serum response factor
statistical mechanics   41
stem cells   50, 93, 123
   human mesenchymal   93
   mesenchymal   84, 136
stiffness   11, 23, 40, 65, 77, 84, 

88, 90–93, 95–96, 120, 
123, 138, 140–141, 145, 
149

TBI, see traumatic brain injury
tension
   axonal   105, 110, 123
   myofibroblast-mediated 

cytoskeletal   145
TFM, see traction force 

microscopy
tissue stiffness   94, 98
traction force microscopy 

(TFM)   91
traumatic brain injury (TBI)   118, 

122, 125

valvular endothelial cells (VECs)   
130–131, 146–147, 152

valvular fibrosis   127, 135, 
144–145, 147, 149, 151, 153

valvular interstitial cells (VICs)   
131–132, 144–150, 155

VECs, see valvular endothelial 
cells

ventricularis   131, 151–152
VICs, see valvular interstitial cells
vinculin   85, 97, 107
viruses   2, 8, 13



216 Index

wound closure   129, 135

Xenopus laevis oocytes   79–80

Young’s modulus   77

Z-DNA   47


	1. Introduction
	2. Mechanics of Single Molecules and Single Proteins
	3. Nucleus Mechanics
	4. Nanoscale Imaging and Modeling
	5. Cell–Substrate Interactions
	6. Axonal Transport and Neuromechanics
	7. Implications for Disease: Valvular Fibrosis and the Myofibroblast
	References
	Index

