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Index

a
absorption method 298
absorption spectroscopy 235, 237
difference spectroscopy 246
double beam spectrophotometer

245
dual wavelength spectrophotometer

249
Lambert–Beer law 237
spectral properties, of enzymes and

ligands 238
spectrophotometers, structure of

241
activation energy 150
activator 32
active transport 170
Adair equation 29
adiabatic calorimeters 230
Alberty-Koerber method 78, 79
Alberty notation 134
allosteric enzymes 27, 32
aspartate transcarbamoylase 48
aspartokinase 49
glycogen metabolism 50
hemoglobin 46
phosphofructokinase 50

1-anilino-naphthalene-8-sulfonic acid
(ANS) 256

anisotropy 263
anti-cooperative behavior 41
apparent dissociation constant 7
Arrhenius equation 149
Arrhenius plot 148
immobilized enzymes 169

aspartate transcarbamoylase 48
aspartokinase 49
auto-titrator 227
avalanche photodiode (APD) 265

b
bandwidth 244
batch method 208
bathochromic shift 247
bi 122
binding constants 6
macroscopic 10
microscopic 9

binding enthalpy 232
binding equation
Adair 29
derivation 9
direct and linear diagrams 13
general 7
Hill 27
spectroscopic titrations 15
sequential model 39
symmetry model 35

binding process 1
binding site 7
identical 8
interacting 8, 27
nonidentical 8, 31

bioavailability 187
bioluminescence 251
Boeker method 79
Bohr effect 48
bolometer 274
Briggs, G.E. 60
Brown, A.J. 13, 60
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Brumbaugh-Ackers method 211
burst 59
burst-kinetics 291

c
calorimeter 230
calorimeter stopped-flow apparatus

290
catalytic constant 6, 61
catalytic triade 146
CD spectrometer 273
spectroscopy 269f
spectrum 270

central complex 121
Cha method 141
Chance, B. 249, 250, 286, 287, 288
Chanutin method 214
chymotrypsin 146
cibracon dyes 105
circular dichroism (CD) 269, 272, 290
clearance 187
Cleland, W.W. 121
Cleland nomenclature 134
CO2 electrode 226
coefficient form 132
column chromatographic method 210,

211
competition 18, 104
competitive inhibition 102
competitive inhibition constant 104
competitive product inhibition 82
complexes
abortive 181
central 121
Michaelis 61
transitory 121

concentration-dependent difference
spectra 248

concerted model 33
constant absolute error 190
continuous equilibrium dialysis 203
continuous-flow method 284
continuous tests 75
cooperativity and allosteric enzymes
Adair equation 29
Hill equation 27
kinetic cooperativity 155

negative cooperativity 41
non-identical, interacting binding

sites 51
Pauling model 32
physiological aspects 44
sequential model 38
slow transition model. 155
symmetry/concerted model 33

Cornish-Bowden plot 68
correlation coefficient 191
Cotton effect 270
coupled assays 75
CTP synthetase 42
cuvettes 244

d
Dalziel coefficients 134
DANSY chloride 257
deactivation processes 236
dead-end complex 96
dead time 293
density centrifugation 216
deoxyhemoglobin 47
deoxythymidin kinase 42
diagrams
Arrhenius 148, 169
direct 13
direct linear 68
Dixon 66, 99, 101, 146
double reciprocal 15, 70
Eadie-Hofstee 70, 125, 131
Guggenheim 155
Hanes 15, 72
Hill 28
Job 17
Kilroe-Smith 67
Klotz 15
Lineweaver-Burk 70
residual 190
Scatchard 15
secondary 94, 125
semilogarithmic 43
Stockell 17

dialysis 197
dialysis membrane 197
difference spectroscopy 246
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diffusion
coefficient 2, 165
diffusion-controlled reaction 4, 164
diffusion-limited dissociation 4, 163
Einstein–Sutherland equation 4
external diffusion limitation 164
facilitated 170
Fick’s first law of diffusion 3, 172
Fick’s second law of diffusion 167
internal diffusion limitation 164
one-dimensional diffusion 2
Smoluchowski limit 4

diisopropyl phosphorofluoridate (DFP)
90

diode array detector 290
diode array photometer 244
direct plot 13, 56, 62
direct linear plot 68, 100
dispersion method 298
dissociaton constant 1
macroscopic 9
microscopic 9

Dixon plots 66, 99, 101, 146
Donnan effect 202
dose-response curve 185
dose-response relationship 185
double beam spectrophotometer 245
double beam stopped-flow apparatus

289
double-reciprocal diagram 15, 70
Draper-Hippel method 217
Drude equation 270
dual wavelength spectrophotometer

289

e
Eadie–Hofstee plot 72, 125, 131
EC50 value 185
effectors 32
effective concentration 185
Eigen, M 294
Einstein’s relationship 2
Einstein-Sutherland equation 4
electric field method (E-jump) 299
electrochemical methods 224
CO2 electrode 226
oxygen electrode 224

pH-stat 227
polarography 229
potentiometry, redox potentials 227

electron paramagnetic resonance
spectroscopy 279

ellipticity 269
elution of broad zones 210
emission 237
emission monochromator 254
emission spectra 254
end-product inhibition 48, 97
end-stop system 288
energy transfer 260
energy 2, 150
enthalpy 151, 294
entropy 152
enzyme assay 61, 75
enzyme inhibition 87
irreversible inhibition 88
analysis 92
covalent binding 88
halogen derivatives 88
non-covalent binding 88
suicide substrates 90
time dependence 89
transition state analogs 91

reversible inhibition 94
competitive inhibition 102
general rate equation 94
non-competitive inhibition 97,
113

partially competitive inhibition
111

partially non-competitive
inhibition 108

partially uncompetitive inhibition
110

product inhibition 72, 82, 97, 123,
131

substrate inhibition 114
uncompetitive inhibition 106, 113

unspecific inhibition 87
enzyme kinetics and pharmacokinetics
dose-response curve and relationship

185
drug elimination 188
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enzyme kinetics and pharmacokinetics
(contd.)

drug internal time-dependent
distribution 187

statistical methods 189
enzyme test 72
equilibirium constant 7, 33
equilibrium dialysis 197
equilibrium dialysis, continuous 203
error 63, 190
error scattering 65, 190
erythrocruorin 37
etheno group 259
excimers 254, 272
excitation 235
excitation spectra 254
exciton splitting 272
external conversions 236
extinction 238
Eyring theory 151

f
facilitated diffusion 170
fast reactions 283
dead time, determination 293
enzyme reactions 291
flash photolysis, pico- and

femtosecond spectroscopy 300
flow method
continuous-flow method 284
stopped-flow method 287

rapid kinetic reactions 302–304
relaxation method
electric field method (E-jump)
299

pressure jump systems 297
temperature jump method
(T-jump) 294

feed-back inhibition 48, 97
femtosecond spectroscopy 300
Fick’s first law of diffusion 3, 172
Fick’s second law of diffusion 167
filter photometer 241
first order reactions 56
Fischer, Emil 38
fixed angle ultracentrifugation methods

212

flash photolysis 300
flow calorimeter 232
flow methods 284
continuous-flow method 284
stopped-flow method 287
multi-mixing system 290

fluorescein 257
fluorescence correlation spectroscopy

(FCS) 265
fluorescence measurements 290
fluorescence spectroscopy 251
FCS 265
fluorescence measurements,

perturbations of 254
fluorescence polarization 262
fluorescent compounds

(fluorophores) 255
pulse fluorimetry 263
quantum yield 251
quenching 254
radiationless energy transfer (FRET)

260
spectrofluorimeters, structure of

252
fluorescence stopped-flow 290

5-fluorodeoxyuridylate 90
fluorophores 257
Förster equation 260
Foster-Niemann method 83
Franck-Condon principle 237
free energy 152
FRET 260
Frommmethod 140
front-stop system 288
fructose-1,6-bisphosphatase 50
FT-IR spectroscopy 274
futile cycle 50

g
gating model 5
gel filtration 208
batch method 208
broad zones, elution of 210
Hummel-Dreyer method 209

general binding equation 7
generative flow apparatus 288
Gibb-Donnan equilibrium 202
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glass electrode 226
glyceraldehyde-3-phosphate

dehydrogenase 41
glycogen phosphorylase 50
glycogen synthase 50
G-protein-coupled receptors (GPCRs)

51
gradient ultracentrifugation 212
graph theory 140
green fluorescent protein (GFP) 258
Guggenheim plot 155

h
Haldane, J.B.S. 60
Haldane relationship 84, 132
half-life time 56, 224
half-of the sites reactivity 41
half-wave potential 229
Hanes plot 15, 72, 125, 131
heat conducting calorimeters 230
helix 239, 272, 275
hemocyanin 37
hemoglobin 37, 46, 51
Henri, V. 60
heterotropic effects 32
hexa uni ping-pong mechanism 133
hexokinase 118
Hill coefficient 29, 31
Hill equation 27
Hill plot 42
homotropic effects 32
Hummel and Dreyer, method of 209
hyperbola, right-angle 13
hyperbolic saturation curves 20, 27, 62
hyperfine splitting 279
hysteretic enzymes 154

i
identical binding sites
binding equation 7
ligand competition 18
non-competitive binding 21
non-identical binding 23

immobilized enzymes 163
external diffusion limitation 165
inhibition 168
internal diffusion limitation 166

kinetic treatment 163
pH and temperature behavior 169

induced-fit hypothesis 38
inhibition 87
competitive 102
feedback 48, 97
immobilised enzymes 163, 168
irreversible 88
mixed 9
noncompetitive 97
partially competitive 111
partially noncompetitive 108
partially uncompetitive 110
plots 97
product 72, 82, 113, 123, 131
reversible 94
substrate surplus 114
uncompetitive 106
unspecific 87

inhibition constants 92
competitive 104
multi-substrate reactions 123
uncompetitive 108

inhibitors 22, 87
allosteric 32
irreversible 92

initial velocity 72, 77, 79
inner filter effect 255
integrated Michaelis-Menten equation

73
determination of initial velocity 79
enzyme inhibition 101
product inhibition 83
reversible enzyme reactions 81

interaction constant 38
interaction factor 32
internal conversion 236
intersystem crossing 236
intrinsic dissociation constant 9
ionization constants 147
irradiation methods 283, 300
irreversible inhibition 88
IR spectroscopy 274
isoenzymes 41, 118, 150
iso-ordered mechanism 128
isoperibolic calorimeter 230
iso ping-pong mechanism 131
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isopycnic centrifugation 216
isothermic calorimeters 230
isotope effects 181
apparent 183
D2O 183
Michaelis constant 182
primary kinetic isotope effects 181
proton transfer velocity 182
secondary kinetic isotope effect 183
steady-state rules 182

isotope exchange 177
enzyme reactions 177
isotope exchange kinetics
abortive complexes 181
enzyme reaction mechanisms 178
single-and multi-substrate
reactions 179

substrates and products 177
isozymes 118

j
Jabonski term scheme 235
Job plot 17
Joule heating 295

k
Kerr cell 264
Kilroy–Smith methods 67
kinetic constants 60
kinetic cooperativity 45, 153
kinetic isotop effect
primary 181
secondary 183

King-Altman method 135
Klotz plot 15
klystron 280
Koshland, D.E. 38
Krönig-Kramers transformation 270
K systems 42, 153

l
lactate dehydrogenase 118, 132, 148
lag phase 154
Lambert–Beer law 237
Larmor frequency 276
laser 275, 290
Le Chatelier–Braun principle 299

ligand binding 5
ligands, definition 1
light scattering 255
limited diffusion 4
line sepctrum 243
linearization methods 70, 81, 127
binding measurements 13
enzyme inhibition 103
first order reactions 56
integrated Michaelis-Menten

equation 73
Michaelis-Menten equation 65, 70
multi-substrate reactions 124, 127

linear regression 192
Lineweaver–Burk plot 125
lipophilic drugs 187
lock-and-key model 38
luciferase 251
luminescence 251
luminometer 251

m
macromolecule, definition 1
macroscopic dissociation constant 9
manometric method 223
mass action law 6
maximum velocity 60
mean value 192
median 69, 192
membrane interfaces
enzyme and substrate 172
inhibitory effects 175
structural organization 172

Menten, M.L. 60
Michaelis, L. 60
Michaelis constants 60, 138, 182
Michaelis–Menten equation 13, 98,

124, 164, 170, 171, 174, 175, 190,
193

catalytic constant kcat 61
derivation 58f
direct and semi-logarithmic

representations 62
Kilroy–Smith methods 67

direct linear plot 68
hyperbola equation 64
kinetic constants 60
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linearization methods 70
Michaelis constant Km 61
progress curves 72
integrated Michaelis–Menten
equation 73

rate determination 77
reaction rates 75
true initial rates 79

rate constants 60
reversible enzyme reactions 80
saturation function 61
time-dependent variations 59

microcalorimeter 230
microscopic dissociation constant 9
mixed inhibition 99
mixing chamber 284, 287
mnemonic enzymes 154
mode 192
monochromator 243
Monod, J. 33
multi-mixing system 290
multiple equilibria 1
multi-substrate reactions 121
Haldane relationships 132
hexa uni ping-pong mechanism 133
King–Altmann method
equilibrium and steady state
approach 141

graph theory 140
nomenclatures 121, 134
ordered mechanism 127
ordered ter ter mechanism 133
ping-pong mechanisms 129, 134
product inhibition 131
quad mechanisms 134
random mechanism 122

myoglobin 27, 37, 47

n
negative cooperativity 41
nh value 31
nicotinic acetylcholine receptor 50
nitroxyl radicals 280
NMR stopped flow 290
nomenclature 121, 134
noncompetitive binding 21
noncompetitive inhibition 97

noncompetitive product inhibition
113

non-dentical binding sites 8
non-linear regression 193
nuclear magnetic resonance (NMR)

276
nuclear magnetic resonance

spectroscopy 276, 283

o
opacity 23
o-Phenanthroline 106
optical activity 269
optical density 238
optical rotation dispersion (ORD) 269,

270
optical test 238
ordered mechanism 122, 127, 179

bi bi 122, 128, 179
ter ter 133

ORD spectra 270
ORD spectrometer 273
osmotic pressure 201
oxidation-reduction systems 227
oxygen electrode 224

p
paramagnetic compounds 281
partial inhibition 108
partially competitive inhibition 111
partially non-competitive inhibition

96, 108
partially uncompetitive inhibition 110
Pauling model 32
Perrin equation 263
pharmacokinetics 185
pH dependence 145
buffer systems 145
difference spectra 248
enzyme activity 145
fluorescence 256
immobilised enzymes 169
ionization constants 147

phenylalanine
absorption spectrum 239, 248
CD-spectrum 272, 273
fluorescence spectrum 258
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phenylmethanesulfonyl fluoride (PMSF)
90

pH-jump-stopped-flow method 292
pH optimum 145
phosphofructokinase 50
phosphorsescence 236, 254
photochemical action spectra 250
photolysis 300
photometer 235, 241
photomultiplier 244
photoselection 262
pH stability 147
pH stat 227
picosecond spectroscopy 300
ping-pong mechanisms 129, 134, 179,

181
p-jump 297
pKa values 145, 146
plots, see diagrams
polarisation 262, 274
polarography 229
polymer substrates 159
pressure jump method 297
pre-steady-state 59, 291
product inhibition 72, 82, 97
multi-substrate reactions 123, 131
noncompetitive 113
uncompetitive 113

progress curves 56, 72, 77
protein spectra
absorption 239, 246
CD 272
fluorescence 258

protomers 33
protonation reactions 299
pseudo-first order 57
pulse-flow method 286
pulse fluorimetry 263
pulse radiolysis 301
pyruvate dehydrogenase complex 118,

154, 156
pyruvate-formate lyase 281

q
quad mechanism 134
quantum yield 251
quenched-flow technique 290
quenching 254

r
radicals 279
Raman effect 255
Raman spectroscopy 275
random coil
CD spectrum 272
UV spectrum 239

random mechanism 122, 179
bi-bi 123, 124, 179
bi-uni 135
rapid equilibrium 124, 128, 179

rapid-freezing method 290
rapid-scanning stopped-flow units 289
rate constants 3
association 4
determination 81, 304
first order 56
pseudo-first order 57
second order 57
zero order 58

rate equation 124
coefficient form 137
derivation 60, 80, 135
form of rate constants 80
inhibition 94
Michaelis-Menten 58
reversible 80

Rayleigh scattering 255, 275
reabsorption (inner filter effect) 255
reaction enthalpy 151, 294
reaction controlled reactions 4
reaction entropy 152
reaction order 55
first order reactions 56
pseudo-first order reactions 57
second order reactions 57
zero order reactions 58

receptor 33, 46, 50, 185
recording 244
redox potential 227
regression coefficient 193
regression methods 65, 190
linear 192
Michaelis-Menten equation 193
weighting factors 71

relative error 191
relaxation methods 283
electric field method (E-jump) 299
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pressure jump systems 297
temperature jump method (T-jump)

294
relaxation time 302
relaxed state (R state) 33
replot, see secondary plot
residual plots 190
reversible enzyme reactions 80
Haldane relationship 84
product inhibition 82

reversible inhibition 94
ribozymes, RNA enzymes 156
RNAase 155
Rosenthal method 24
rotation relaxation time 243
Rs value 43

s
saturation function 11, 23, 27, 61, 65
scanning calorimeter 230
Scatchard plot 15
secant method 77
second order reactions 57
secondary plots 93, 100, 125, 127
sequential model 38
sigmoidal saturation behavior 42, 47,

156
single beam technique 245
single point measurements 75
sliding model 5
slow transition model 45, 155
Smoluchowski limit 4
solvent-dependent difference spectra

247
spectra
absorption (UV/Vis) 235
CD, ORD 270
emission 254
EPR 280
excitation 254
fluorescence 260
line 243

spectrofluorometer 252
spectrophotometer 235
diode array 244
double beam 245
dual wavelength 249
single beam 245

spectroscopic methods 195
spectroscopic titration 247
spin labels 281
SPR angle 219
standard deviation 192
statistical methods 189
steady-state theory 60
Steinberg-Schachman method 215
Stockell plot 17
Stokes lines 255
stopped-flow apparatus 290
stopped-flow method 287
stopped-flow temperature jump method

296
stopped test 75
substrate analoges 88, 90
substrate inhibition 114
sucrose gradient centrifugation 215
suicide substrates 90
surface plasmon resonance (SPR) 218
S0.5 value 43
symmetry/concerted model 33
systematic error 191

t
tandem cuvettes 245
tangent method 76
temperature dependence 148
denaturation process 148
immobilised enzymes 169
preincubations 149
van’t Hoff reaction 151
van’t Hoff rule 148

temperature-dependent difference
spectra 248

temperature jump method (T-jump)
290, 294

temperature maximum 148
temperature stability 149
tense state (T state) 33
ter 122
term scheme (Jabonski) 235
Theorell–Chance mechanism 128
Thiele module 167
thiochrome 259
T-jump 294
toluidinonaphthaline-6-sulfonic acid

(TNS) 257
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transient kinetics 302
transition state 150
transition state analogs 89, 151
transitory complexes 121
transport process
active 170
binding site 171
facilitated 170
linear zero order time progression

170
unspecific, non-saturable diffusion

170
trigger 285, 288
tryptophan 258
absorption spectrum 239, 248
CD spectrum 272, 273
fluorescence spectrum 258

tryptophan synthase 23
turnover rate 57, 59
Tyndall scattering 255
tyrosine 258
absorption spectrum 239, 248
CD spectrum 272, 273
fluorescence spectrum 258

u
ultracentrifugation methods 212
ultrafiltration methods 206

ultrasonic method 298
uncompetitive inhibition 96, 106
uncompetitive product inhibition 113
uni 122
UV–Vis absorption spectrophotometers

289

v
van’t Hoff rule 148
van’t Hoff reaction isobar 151
van’t Hoff reaction isochore 294
variance 192
vibrational energy levels 235, 274
vibration spectra 274
Volkenstein-Goldstein method 140
V systems 42

w
Warburg, O. 223, 250
Warburg’s manometric apparatus 223
Woolf plot 70

y
Yamamoto-Alberts method 218

z
zero order reactions 58
zero point oscillations 181
zonal ultracentrifugation 216


