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2D gel electrophoresis, 157, 194, 210
4-way junction, 123, 153
8-shaped curve, 188

A-DNA, 6–7, 49
agarose, 155
Alexander polynomial, 223
alternative structures in supercoiled DNA, 206–17
Anti and syn conformations, 3
atomic force microscopy, 202
ATP hydrolysis, 121, 178, 230, 239
A-tract, 7
autism, 232
average square of end-to end distance, 79

B-A transition, 49–51, 152, 217
B-A transition in supercoiled DNA, 217
backbone directionality, 1
band counting, 193
base pair opening. See Transient opening of base

pairs
base pair sides, 7
base pair step, 41
base pairs, 4, 8, 15
B-DNA, 4–6
B′-DNA, 7–8
bending rigidity, 61, 77, 81, 84, 86, 90, 100, 101
binding small ligands with DNA, 61–4
biotin, 114
Bjerrum length, 93
Boltzmann distribution, 197
Brownian dynamics simulation, 141, 143–5
bulge loops, 14–15, 36–7
Bustamante, Carlos J., 114
B-Z transition, 51–5, 214–15, 217

C2′
-endo conformation, 1, 5

C2′
-exo conformation, 1

C3′
-endo conformation, 1, 7

C3′
-exo conformation, 1

Calugareanu-White-Fuller theorem, 187
catenanes, 203, 220, 224, 225, 240
central limit theorem, 74, 76, 83
chemical modification of DNA bases, 209

chloroquine, 194, 210
chromosome territories, 146
circular dichroism, 49, 51
closed circular DNA, 184
cohesive ends. See sticky ends
conformational sampling, 106
cooperativity, 25, 31
correlation between states of base pairs, 58–61
correlation function, 140
correlation in torsional orientation of base pairs, 100
correlations length for opening of base pairs, 59
counterion condensation theory, 94
Cozzarelli, Nicholas R., 236
Crick, Francis H. C., 4, 56, 112
Crothers, Donald M., 7, 148
cruciform structures, 157, 207, 209, 210, 213–14,

228
cryoelectron microscopy, 202

Debye screening parameter, 93
deoxyribose conformations, 1
differential melting curve, 39
diffusion coefficient, 138
diffusion coefficients of knots, 145
diffusion-controlled association, 170
dinucleotide model, 35, 42, 46
distribution of end-to-end distance, 74
distribution variance, 75, 197
DNA braid, 119
DNA condensation, 101–3
DNA cyclization, 108–14
DNA gyrase, 226, 228, 231, 237–8
DNA helical repeat, 4, 6, 7, 8, 16, 84, 97–100, 112,

184, 192, 207, 219, 226
DNA helicases, 121, 178–80
DNA ligase, 87
DNA melting, 27–49
DNA melting temperature vs ionic conditions, 29,

36
DNA nanotechnology, 123–7
DNA origami, 126
DNA persistence length, 83, 86–90, 139
DNA persistence length, temperature dependence,

90
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DNA polymerase, 159
DNA precipitation, 102
DNA replication, 232
DNA supercoiling inside living cells, 226–32
DNA topoisomerases, 121, 232–41
DNA torsional rigidity, 97–100, 111, 145, 167,

200
DNA-protein interaction, 121–3, 217
Doty, Paul M., 27
dynamic and static persistent lengths, 83
dynamics of 4-way junctions, 152–4

E. coli, 224, 227, 228, 231, 235, 236
effective diameter of the double helix. See

electrostatic interaction between DNA
segments

Einstein, Albert, 138
electrophoretic mobility of DNA, 193
electrostatic interaction between DNA segments,

91–7
elongation free energy, 25
enthalpy, 23, 34, 38, 39, 41
enthalpy of base pair melting, 31
entropic elasticity, 117
entropy, 23, 29, 30, 38, 41, 80, 146, 150, 165
entropy of base pair melting, 31, 44
equilibrium constant of catenation, 225
equilibrium distribution of topoisomers, 97, 99,

196–9, 235
equilibrium distribution of topological states, 222,

240
equilibrium distribution of Tw, 200–1
equilibrium distribution of Wr, 200–1
equilibrium probability of knots, 95, 223
excluded volume, 82
experimental determination of �Lk, 192–5
extension of single-stranded DNA, 121
extension of twisted DNA, 119

fine structure of DNA melting curve, 40
fluorescence depolarization, 98
force-extension spectroscopy, 103, 114–21
force-induced DNA melting, 117
form V DNA, 214
Frank-Kamenetskii, Maxim D., 43, 216
free energy of supercoiling, 196–9, 212, 218
freely jointed chain, 80, 109, 116
frictional coefficient, 138
Fuller, Brock F., 187, 189

G segment, 123, 236
Gauss integral, 191, 223
gel electrophoresis, 155–8
Gellert, Martin, 11, 235
glycosidic bond, 1
G-quadruplexes, 11–12

H form, 208, 216–17
Hagerman, Paul J., 140
hairpin loop, 14
hairpins, 14, 37–9, 149
helical rotation angle, 192, 196
helix propagation constant, 35
helix-coil transition. See DNA melting
Holliday junction. See 4-way junction
homopurine-homopyrimidine sequences, 216
Hoogsteen base pairs, 8, 58
hybrid DNA·RNA helix, 46
hydrodynamic friction of DNA unwinding, 149
hydrodynamic interaction, 139
hydrogen bonds, 4, 9, 11, 14, 56, 166, 172
hydrophobic interaction, 166
hyperthermophilic bacteria, 239

intercalation of aliphatic amino acids, 166
intercalation of ligands, 61, 192, 194, 196, 199, 210,

215
interwound helix, 189, 202
intrinsic curvature, 7, 83, 84
invariant of topological state, 223
ionic strength, 93, 140, 147, 148
isotopic deformation, 221
isotopic type of knot, 221

j-factor, 108–10
juxtaposition of DNA sites, 141, 176, 218

kinetics of B-A transition, 151–2
kinetics of DNA melting and renaturation, 147–51
kinks, 56, 111, 166
Kirkwood-Riseman method, 138
knot classification, 221
knot mirror image, 222
knots, 92, 95, 107, 145, 220–6, 234, 236, 240
Kuhn statistical segment. See statistical segment

lac repressor, 170, 172, 175
Langevin equation, 143
large-scale conformational dynamics, 137–42
Lerman, Leonard S., 61, 92, 101
lifetime of duplex, 148
ligase-assisted cyclization of DNA fragments,

110–13
Lilley, David M., 209
linear charge density, 94
link classification, 221
linking number, 107, 184
linking number difference, 185
links, 184, 220–6, 234, 240

macrostate, 23
major and minor grooves, 5
major groove, 8, 172
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melting curve, 28
melting of long DNA, 39–43
melting of RNA and RNA·DNA duplexes, 45–7
melting of short DNA duplexes, 32–6
melting of supercoiled DNA, 215–16
melting temperature, 28, 29
Metropolis procedure, 106
microstate, 23
mismatched base pairs, 14, 36
mobility, 138
molecular beacons, 38
molecular dynamics simulation, 17–19
Monte Carlo simulation, 104–8
mutual influence of transions in supercoiled DNA,

217

nanopores, 158–9
nearest-neighbor model, 37
NMR, 16–17
non-specific DNA–protein interaction, 165–8
normal distribution, 75, 197, 200
nucleation, 47, 103, 147, 149, 150, 152, 214
nucleation free energy, 25, 31, 50, 52, 56
Nucleic Acid Database, 16, 17
nucleoside, 1
nucleotide, 1

one-dimensional diffusion, 170
open regions, 207, 215–16
optical tweezers, 115
overstretching transition, 116–19

palindromic sequence, 34, 172, 213
partial specific volume, 138
partition function, 26
persistence length, 80
plectonemic branches, 119
Poisson-Boltzmann equation, 94, 144
Poly(ethylene oxide), 101
polyacrylamide, 156
polyamines, 102
probability of loop closing, 30, 108
promoter, 178, 231
propeller angle, 5, 6
protein-bridged DNA loops, 175–8
protonation site, 216
purines, 2, 7, 9, 46, 52, 208
PX structure, 124
pyrimidines, 2, 7, 9, 46, 52, 208

random coil, 72, 80
random walks, 72–5, 153
recognition of specific DNA sites by proteins, 172–5
relaxation in dense solutions, 146
relaxation of torsional orientation, 145
reptation model, 146, 156

restriction endonuclease, 156, 209
reverse gyrase, 233
reverse Hoogsteen base pairs, 8
reversibility of DNA melting, 47–9, 149
ribosome, 230
Rich, Alexander, 16
RNA polymerase, 230
rotational diffusion coefficients, 140
rotational motion, 140

salt dependence of DNA persistence length, 88
SantaLucia, John, Jr., 35–8, 43
Scatchard plot, 62
S-DNA, 119
search for specific DNA sites by proteins, 170–2
second virial coefficient, 92
sedimentation coefficient, 138
Seeman, Nadrian C., 123
sequence dependence of DNA persistence length, 88
sequence specificity of nucleosome core binding,

168–9
sequence specificity of protein binding, 169
simple helix, 189
single-stranded DNA, 1–4, 100–1, 117, 158
single-strand-specific endonucleases, 209
site-specific recombination, 227
stacking in single-stranded DNA, 13–14
stacking interaction, 5, 13, 14, 27, 31, 34, 35, 36, 43,

56, 101, 147, 154
standard form of knot, 221
statistical-mechanical model of the B-Z transition,

51
statistical segment, 79
statistical weight, 23, 26
sticky ends, 108, 113–14, 123, 156
strand displacement, 155
strand exchange, 154–5
streptavidin-coated bead, 115
supercoiled DNA, 178, 184–217
supercoiling, 186
superhelix density, 186
surface topology, 192

T segment, 236
TBE buffer, 199
telomeres, 12
temperature-jump technique, 147
theoretical analysis of conformational transitions,

23–7
theory of DNA melting, 29–32
thermal fluctuations of DNA secondary structure,

55–8
thymine dimer, 59
time of conformational relaxation, 156
time of the first collision of two DNA sites, 141
Tinoco, Ignacio, Jr., 45, 89
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topoisomers, 97, 99, 157, 186, 193, 210, 225, 228,
236

topological equilibrium, 222–3
topological invariant, 186
topology simplification, 240
toroid, 103
torsional deformation, 99, 111, 144, 187, 200,

206
torsional persistence length, 100, 201
torsional relaxation, 149
torsional stress, 193, 214
torsional tension. See torsional stress
torus class of links, 184, 223
transcription-induced supercoiling, 230–2
transesterification, 233, 239
transient opening of base pairs, 55
translational motion of DNA molecules, 138–40
trefoil knots, 92, 96, 221
trimethylpsoralen, 227, 228, 231
triple helix, 8–11, 208, 216
T segment, 123, 236
twist, 12, 107, 166, 187, 212, 218
twist angle, 18
two-state approximation, 33, 39
two-state model, 24
two-state transition, 39
type IA DNA topoisomerases, 226, 231, 233–4
type IB DNA topoisomerases, 195, 234–5
type II DNA topoisomerases, 122
type II restriction enzyme, 177
type IIA DNA topoisomerases, 235–7

type IIB DNA topoisomerases, 233
type of knot, 222

umbrella sampling, 107
unconstrained supercoiling, 227

variance, 74
Vinograd, Jerome R., 184, 192, 199, 215
viscosity, 137
volume interactions, 82–3
von Hippel, Peter H., 63, 170

Wang, James C., 92, 108, 214, 225, 230, 232,
239

Watson, James D., 4
Watson-Crick base pairs. See base pairs
Widom, Jonathan, 112, 169
width of melting interval, 34
wormlike chain, 76–82, 116
writhe, 187, 188–9, 196, 218

X-ray, 15–16

YOYO, 118

Z-DNA, 7, 51, 207, 214–15
Zimm, Bruno H., 23, 25, 140
zippering, 147

α-helix, 172
β-sheet, 172
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