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absolute temperature 27, 63–64
acid 100–102, 363
acidity constant 100, 363
actomyosin 284
actin 281ff

assay 283, 370
binding proteins 284
filament 282–284
polymerization 27, 283–284
treadmilling 283, 372

activated complex 263, 363
activation energy (see energy)
active site 268ff, 363
active transport 363
activity 85ff, 363

Coefficient 86, 93, 363
Adair equation 227, 363
adenosine triphosphate xiii, 2, 10, 27,

104, 112, 121, 123ff, 129–130,
141–144, 151, 156, 171, 174, 178,
181–184, 241, 254–255, 261,
282–283, 285–296, 289, 312, 316,
363

synthase 124, 129
aging 66–67, 171, 173, 317ff
allostery 151, 240–242, 363

heteroallostery 248
homoallostery 241, 367

Alzheimer’s disease 281
amino acids

chirality of 300
in meteorites 300
physical properties of 342
transfer energetics 161–163

amyloid fibers 136, 280, 281
antibodies 39, 314–315, 363
archaea 303–304
arc repressor 306–307
aromatic compounds 51, 54–55

arum maculatum 55
aspartate transcarbamoylase 241, 251,

268
association constant 147ff, 225ff, 363
atmosphere 2, 10
ATCase (see aspartate

transcarbamoylase)
ATP (see adenosine triphosphate)
autotrophism 363

bacteria 1, 3, 46, 51, 66, 136, 260,
273–274, 303ff, 317

anaerobic 303–304
archaebacteria (see archaea)
chemosynthetic 1
cyanobacteria 1
hyperthermophilic 224
photosynthetic 3
sulfate-reducing 303–304, 371

base 100–102, 363
Big Bang 294, 364
binding 144–151, 223ff, 337–339

capacity 148–149, 364
constant 147ff, 337–339
site 147ff, 223ff, 364

bioenergetics 119–129, 364
blood 101, 116, 140, 147, 151, 312
body plan 317–318, 364
Bohr effect 243, 364
Boltzmann

constant 196
distribution 192ff, 297, 364
equation 196
factor 199–200, 364

boundary 9, 26, 364
breathing motions in proteins 172,

364
Brønsted–Lowry definitions 100
Brownian motion 191

Brussels School of thermodynamics
39

buffer 8, 101–102
ionization constants 345

buffering capacity 101, 364

C. elegans 322–323
calorie xiv
calorimetry xiv, 11, 40, 46, 277, 335ff,

364
bomb 11, 13, 35, 39, 48
differential scanning 11, 42, 116,

186, 208ff, 336–337, 365
isothermal titration 11, 39, 182,

229–230, 337–339, 367
cAMP (see cyclic AMP)
carbon 1, 14, 267ff, 364

dioxide 2, 3, 34, 43, 45, 80
monoxide 152

CD (see circular dichroism
spectroscopy)

cells 3, 29, 57, 303
cellulose 2, 121, 136
chemical potential 85–89, 131, 139, 364

mean 91–92, 368
chemosynthesis 304, 364
chirality 304, 364
chlorophyll 2–3, 17, 268, 300, 364
cholesterol 84, 114
circular dichroism spectroscopy 207,

279
citric acid cycle 113–114, 122–123, 364

energetics 346
CMP (see cytidine monophospate)
cold denaturation 182, 364
colligative property 90, 130, 161
collisions 54–55, 188–192
collision theory (chemical kinetics)

261–262, 364
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combustion 11–12, 34–35, 43, 46, 253
complexity 25, 64, 314ff
configuration 195ff, 365
conformation 37, 197–198, 365
concentration 133ff
convection 1, 51, 78
cooperativity 36, 203, 205–206,

211–212, 234, 365
counterions 139, 149, 157
coupling 102–104, 115, 365
chemical denaturation 161–165,

168–169, 203–204
creatine 116
critical concentration 283, 365
CTP (see cytidine triphosphate)
cyclic AMP 128–129, 156, 312
cytidine monophosphate 39, 144–146
cytidine triphosphate 112, 241
cytochrome c 113–114, 120
cytoskeleton 281ff

Dalton’s law 365
data analysis 200–204, 238–240
death (see aging)
degeneracy 197ff, 365
denaturant 227, 228
denaturation 200ff
deoxyribonucleic acid xi, 3, 5

binding to proteins 223, 224, 241,
314

charge properties 139, 140
information storage in 180,

307–308, 314–315
melting 38, 62, 156–159, 182
stability 155–161, 183–184
structure 155, 156
supercoiling 158–159, 180
synthesis 299, 302
tension in 298

dialysis 136–139, 180
equilibrium 138–139

dielectric constant 91
diffusion 1, 51, 53, 70, 78, 89, 135,

188ff, 365
facilitated 192, 366

dissociation constant 147, 225ff, 365
dissipation 173, 174
distribution 50, 192ff, 365
disulfide bond 165, 197–198, 365
Donnan equilibrium (see equilibrium)
dose–response 147, 148
DNA (see deoxyribonucleic acid)

Earth 1, 15, 19
EDTA 91–92

effector 241, 365
efficiency 29, 57, 365
electrostatics 139–144, 157, 164
electromagnetic spectrum 2, 4
electromotive force 365
electron transfer 120–121

kinetics 265ff
Marcus theory of 265, 368

electroneutrality 140, 365
electroweak interactions 247, 301, 365
ELISA (see enzyme-linked

immunosorbent assay)
endergonic reaction 81, 365
endothermic reaction 34, 365
energy xii, 2, 5–6, 8, 11, 14, 16, 19, 59,

293ff, 365
bond 15, 24
capture 1–2
chemical 2, 9, 52
conservation 43, 365
dissipation 129–130, 365
distribution 5–6, 8, 14, 18
electronic 144
expenditure 5, 13, 57, 305
internal 24–26, 49, 73, 79
isothermally unavailable 60
kinetic 9, 12, 28, 30, 50, 55, 187
levels 194, 195
mechanical 54
nuclear 25
of activation 252ff, 261–263, 363
of non-covalent interactions 37
potential 9, 30
profile 252
requirement 18
solar 1–2, 8–9, 14
state 194
storage 312
thermal 12, 28, 30, 54–55, 372
transduction 24, 26, 29, 103, 365
transformation of 2–5, 12–14,

17–18, 26, 293, 303
well 166, 365
yield 12

enthalpy 32–35, 207, 365
average 209
calorimetric 98, 205, 211–212, 364
change in the standard state 371
Kirchhoff’s law of 42–43, 368
of activation 264
of binding 39, 47, 229, 230, 337–338,

365
of denaturation 38–39, 336, 366
of hydration 40, 48, 366
of mixing 86

van’t Hoff 98, 205, 211–212, 372
enthalpy–entropy compensation 170,

337, 366
entropy 50ff, 73, 135, 328, 366

conformational 197–198, 365
of activation 264
of denaturation 336
of the surroundings 59–60
of the universe 59–60
production 313
statistical 196
total 59

environment 2, 3, 72
enzyme 3, 8, 9, 144–146, 174, 267ff

kinetics 267ff, 272
linked immunosorbent assay

154–155
equal a priori probability, postulate of

195
equilibrium 53, 76–81, 93–95, 366

chemical 251
constant 93–95, 199, 366
Donnan 139–140, 142, 365
dynamic 80, 365
mechanical 77–78
multistate 204ff
thermal 23–24, 27–28, 49, 70, 187,

188
erectile tissue 84, 284
ergodic hypothesis 201, 366
evolution 317, 319ff, 366
excrement 43, 65
exercise 18–19
exergonic reaction 81, 366
exothermic reaction 34, 56, 58, 366
extensive property 25
extremophiles 303–304, 366
extrinsic property 366

fertilization 284
first-order reaction 257–258, 262, 

366
flavin adenine dinucleotide 123–124,

156, 224
fluctuations 36, 193, 208, 210
food 2–3, 11–13, 29, 31, 35, 58, 64–65
force 26, 32, 366
fossil fuel 14
fractional saturation 225
free energy (see Gibbs free energy)
frequency factor 366
function 366

linear 17, 203–204, 257–259
non-linear 203–204
path 26, 45, 55
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potential 75, 372
thermodynamic (state) 25, 371

�-galactosidase 241, 312–313
gas constant 34
genetic code 315
genetic landscape 323
Gibbs free energy 23, 32, 51, 60, 71ff,

119ff, 316, 366
change in the standard state 85
direction of reaction 74
of binding 144ff, 225, 245
of conformational change 165ff,

206–207
of interaction 212–214
of transfer 161–163, 372

Gibbs paradox 71
glucose 2–3, 17, 35, 46, 95, 103–104,

113, 121–123, 134–135, 142–143,
179, 313, 366

glycolysis 95, 107, 119ff, 366
grasshoppers 57
gravitation 10, 26, 31, 48, 51, 54
group transfer 127, 366
GTP (see guanosine triphosphate)
guanidine hydrochloride 92–93,

227–228
guanosine triphosphate 282
Guinness beer 50

half reaction 258, 366
heat 11–13, 24, 48, 54, 57, 65, 187, 366

conversion into work 50, 52
engine 28–29, 56–58, 69, 367
latent 368
of body 3, 290
sink 29, 55–56, 367
source 55–56, 367
transfer 13, 27, 29, 31, 55–57

heat capacity 33, 40–43, 46, 62, 165,
168, 182, 186, 209ff, 336, 366–367

function 208ff, 336
�-helix

Lifson–Roig theory 216–217, 368
nucleation 215, 369
propagation 215, 370
propensity 215–217, 367
Zimm–Bragg theory 214–216, 372

heme 120, 223, 232, 249
hemoglobin 3, 101, 115–116, 129,

134–136, 140, 151–154, 183–184,
223–224, 231ff, 243

Henderson–Hasselbalch equation 101,
244, 367

Hess’s law 367

hexokinase 104, 268
Hill equation 234, 367
Hill plot 237ff, 367
hydrogen bonds 36–37, 41, 71, 155ff
hydrogen electrode 105, 367
hydrogen exchange 172, 275ff, 367

EX1 mechanism 276, 366
EX2 mechanism 276, 366
intrinsic rate of 276, 366

calculation of 347ff
pH-dependence of 276, 278
protection factor 277, 370
quenched-flow pulse labeling

277–278, 370
hydrophobicity 161–163, 367

ideal gas law 28, 133, 367
imidazole 100
information

actual 310, 363
biological xiii, 3, 64–66, 151, 299,

311ff, 364
bit of 310ff, 327, 364
content 307ff, 327–329, 367
potential 310, 370
relation to thermodynamics 309,

313
theory 307ff, 328, 367
semantic level of 309–310, 371

inhibition 271ff
competitive 271ff, 364
feedback 240–242, 364
non-competitive 272–273, 291, 369

inhibitor 271ff
insulin 181–182, 223–224
intensive property 25
interaction free energy (see Gibbs free

energy)
intrinsic property 367
ionic activity (see activity)
ionic solutions 90–93
ionic strength 93, 115, 164
ionization 63, 242ff
irreversibility 49, 53, 55, 57, 64–67, 70,

138, 173–174, 297, 367
isoelectric point 164, 184, 367
isosbestic point 205, 367

joule xiv

Kepler’s laws 23
kinetic barrier 252ff, 367
kinetic theory of gases 8, 261–262
Kirchhoff’s enthalpy law (see enthalpy)
KNF model of allostery 242, 368

�-lactalbumin 47, 205–206, 222, 224
lactate dehydrogenase 113
�-lactoglobulin 163
Langmuir adsorption 225–226, 368
latent heat (see heat)
law 21–22, 45, 368
least squares fitting 203–204, 236
Le Châtelier’s principle 95, 368
life xi, 64–67, 368

energy management 304ff
origin of xi, 298ff
unity of 315

Lifson–Roig theory (see �-helix)
ligand 138–139, 225ff, 368
light 2–3
linking number 158–159, 368
lipids 83–84, 114
lysozyme 46–47, 136, 164, 222,

244–245, 327
amyloidogenic variants 281
disulfide bonds 38, 197–198
reaction mechanism 273–275
stability 38–39, 46, 197–198, 222,

290
structure of 197–198, 205–206, 268

machine 35, 53–54, 70, 173, 316ff, 368
Marcus theory (see electron transfer)
mass 28, 294

action 76, 94, 386
ratio 94, 368

mathematics xii, 85, 185
matter 1, 23–24, 294
Maxwell distribution 8
mean free path 190–191, 368
meaning 20, 307, 367
melting 36, 38, 42, 47, 62, 83–84,

156–158, 167–168
melting temperature 38–39, 84, 368
membrane

biological 84, 130, 141ff
semi-permeable 130ff, 136ff, 141ff
transport 141–144

metabolism 35, 57, 121, 368
meteorites 300
methanogens 304, 368
Michaelis constant 269ff, 289
Michaelis–Menten equation 270–271
microtubules 281–282
mitochondria 123ff, 143

modeling 196, 200–205, 213–214,
228–229, 238–240, 252

mixing 49–50, 86, 113
molality 93
molecular communication 312ff
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molecular motors 285–286, 298, 369
molecular switch 150–151, 232, 298,

369
mole fraction 88, 369
molten globule 206, 368
momentum 28, 54, 67, 135, 369
motion

molecular 13, 27–28, 189
organized 26–27, 29
random 27, 55, 87, 189, 191, 370

motors 31
muscle 2, 27, 224, 290

contraction 27, 54, 284–286
sliding filament model 284, 371

mutations 321–323
site-directed 339
somatic 371
spontaneous 321

m-value 203–204
MWC model of allostery 242, 369
myoglobin 224, 231ff, 247, 249
myosin 27, 284–286

natural selection 323
Nernst equation 106, 369
nerve impulses 27, 40, 51, 57, 

142–143
neuritic plaques 281
Newton’s laws 23, 54
nipples 84, 309
nucleation

of �-helix (see �-helix)
of actin polymerization (see actin)

nutrition 13, 35, 70, 343
nicotinamide adenine dinucleotide

107, 123ff, 156
nitroglycerin 253
nuclear fusion 1, 19, 24
nuclear magnetic resonance

spectroscopy (NMR) 163, 172,
275–277

number of ways 195, 369

observable quantity 201ff, 236, 369
optimization 369

of enzyme kinetics 306–307
of protein stability 306–307

order 3, 59, 71, 305–306, 308, 310ff,
315–316, 369

osmometry 130ff
osmosis 256ff, 369
osmotic work (see work)
osmotic pressure (see pressure)
oxidant 3, 104, 369

oxidation–reduction 3, 11–13, 33, 183,
253, 370

redox couple 117, 370
standard state redox potential

105–106, 371
oxidative phosphorylation 123ff, 184
oxygen transport 3, 147, 151ff,

224–225, 231ff

panspermia 369
parameter 203–204, 363
Pascal’s triangle 207, 222, 235
passive transport 369
path function (see function)
PCR (see polymerase chain reaction)
perfume 51, 188
pharmacology 146–151
phase 35, 82–84, 132, 369

transition 35–36, 42, 74, 82–84,
89–90

phosphate compounds 300
phosphoanhydride bond 124–125, 369
phosphofructokinase 123, 129
phosphoglycerate kinase 212–214
phosphoryl transfer 103–104, 150–151
phosphotyrosine 149–151

binding domain 226
photosynthesis 1–3, 14, 17, 108, 119ff,

178, 186, 193–194, 369
pKa 188, 244–245
Planck’s radiation law 2, 263, 294
pollination 55
pollution 72
polymerase chain reaction 159–161,

181, 224
population of states 205–206, 208
pressure 27–28, 32, 186, 370

gas 27, 32, 152
hydrostatic 77
osmotic 132ff, 184, 369

process 25, 370
profilin 284
protection factor (see hydrogen

exchange)
protein

amino acid composition 164, 363
antifreeze 90
breathing motions 36, 123ff,

171–172, 276
degradation 170–171
denaturation 38–39, 62–63, 70,

200–217, 227–228, 279
dielectric 103
dynamics 171–172, 276

engineering 170, 339
local unfolding 368
misfolding 278ff
recycling 171, 316
refolding 279–280, 320
solubility 163–165
stability 46–47, 165–171, 182,

212–217, 277, 306–307
structure 3, 36–37, 163, 172,

214–217, 278–279, 305–306
synthesis 300–301

protonation 47, 62–63, 72, 344–345
proton motive force 123ff, 370
PTB domain 150, 164
pV-work 32
pyrimidine synthesis 241
pyruvate 122
Pythagorean theorem 24

quenched-flow pulse labelling (see
hydrogen exchange)

rate constant 255–256, 370
temperature dependence 259–260

rate-determining step 265, 370
rate law 370
rate of reaction 94, 254–255, 370
reaction kinetics 251ff
receptor 87, 146–151
rectangular hyperbola 147, 233, 370
red blood cells 3, 134–136, 140, 180,

224
redox (see oxidation–reduction)
reductant 104, 370
reference state 197, 370
reproduction 3
resilin 57
respiration 370
reversibility 55, 58–59, 80–82, 336, 370
regression analysis 238–240
rhodopsin 112
ribonuclease A (Rnase A) 39, 102,

144–146, 182
ribonucleic acid (RNA) 182, 301–302

hydrolysis 39, 144–145
synthesis 302
world 302, 370

rubber band 29, 53ff, 57, 72

salt bridge 36, 370
salting in 164, 370
salting out 164, 370
saturation 225ff, 370
Scatchard equation 236
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Scatchard plot 235ff, 248–249, 370
science xiii, 1, 12, 21–24, 294–296
second messenger 128, 370
second-order reaction 258–259, 371
self-organization 303, 371
semantic level (see information)
sex 322–323
SH2 domain 150, 226
sickle-cell anemia 152
signal transduction 226
single molecule studies 297ff
single-site model 225–226
solubility 153, 163–165, 371
solute 132ff
solvation 25, 153
sperm 284
spontaneity 49, 51ff, 73ff
stability 155–161, 165–171, 182–184,

212–217, 277, 306–307, 371
curve 167–168, 371
temperature of maximum 167, 372
thermostability 155–157, 183, 372

standard state 35, 47, 371
biochemist’s 96–98, 364

state function (see function)
state of system 9, 25, 32, 194, 371

reference 35, 370
state variable 32, 371
statistical weight 195, 371
steady-state assumption 269, 371
substrate 144–146, 268ff, 371

cycling 129–130, 371
succinic acid 188
sulfate-reducing bacteria (see bacteria)
Sun 1–2, 10, 24, 318–319
supercoiling 158–159, 181, 371
surroundings (see system)
syllogism 23
synthesis

abiotic 87, 299ff, 319–320, 363

biotic 87
precursors of 299, 370

system 8, 26, 371
closed 9–10, 364
configuration 365
isolated 11, 79, 367
isothermal 57, 60–62, 71, 367
open 9–10, 303
macroscopic 75, 297, 368
microscopic 297, 368
surroundings 9, 58, 371

tea 78
temperature 12–13, 39, 51, 55, 187, 371
tensin 150, 164, 226
thermal energy (see energy)
thermodynamics xi, 8, 21–23 372

classical 50–51, 185–186, 193
First Law of 5, 21–49, 58, 66, 75,

253–254, 296–297, 319, 329, 366
non-equilibrium 173–174, 316–317,

320, 369
of small systems 297ff
Second Law of xii, 23, 51–72, 75, 79,

135, 253–254, 296–297, 319ff, 370
statistical 185ff
Third Law of 23, 63–64, 69, 372
Zeroth Law of 23, 372

thermogenesis 129–130
thermostability (see stability)
time 24, 46, 65–66, 189
titration 102, 115–116, 229, 242ff,

337–337, 372
transfer free energy (see Gibbs free

energy)
transition state 253, 263, 372

theory of 262ff, 372
transition temperature 336, 372
transmission coefficient 263, 372
transport

active 141
membrane 141ff
passive 141

tris 116
tube worms 71
tubulin 281–282
turnover 269, 372
twist 158–159, 372
two-state approximation 201ff, 372

universe 1, 59–60, 296–297
urea 48, 137, 162–163, 169, 180,

227–228
uridine triphosphate (UTP) 128
urine 116

van der Waals interactions 36, 156,
372

van’t Hoff enthalpy (see enthalpy)
van’t Hoff graph 98, 372
virus 303
voltage (see electromotive force)
volume element 193

water 1–3, 8, 13, 22, 25, 30, 35–38, 41,
50, 55, 72–74, 83, 90, 114, 130ff,
184, 186

work 24, 26–32, 45–46, 50, 54, 58,
60–61, 74–75, 173, 372

electrical 106, 142–143
osmotic 130ff, 137, 369
physiological 26–27

writhe 158–159, 372

X-ray crystallography 163, 172,
224–225, 268

Zimm–Bragg model (see �-helix)
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