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epPCR, see error-prone polymerase chain reaction

equilibrium-controlled process 18 ff.

— endpoint 18

equilibrium-controlled reactions

— catalyzed by enzymes 42 ff.
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— immobilization 302

HFCS 13

high-fructose corn syrup (HFCS)
— manufacture 370
high-throughput screening (HTS) 176
high-throughput systems 88

His-tag 188

hollow-fiber-system 230

homology 92

human cells 300

— cell densities 300

— immobilization 300

human immunodeficiency virus (HIV) 174
human needs 2

— consumption 3

hyantoinase 94

370, 406

hybridoma cells 301 ff.
hydantoinases 150 ff., 245
hydantoins 133, 150, 274

hydrocarbons 318

hydrogen bonding 247
hydrolases 30, 43, 46, 127 ff.
hydroxy acids 231
hydroxylated carboxylic acids
— synthesis of 118 ff.
hydroxylation 121, 322

— monooxygenase-catalyzed 121

— regioselective 322

hydroxynitrile lyases 109, 152 ff.

— reaction mechanism 154
p-hydroxyphenylglycine 152
hydroxypyrazine carboxylic acid 322

118 ff.

i

immobilization 244, 247, 258
— conditions 258

— covalent binding 24

— of cells 283 ff.
— of microorganisms 283 ff.
— parameters 247, 258
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Subject Index

— rate 247

— recommended parameters 256
— yield 247

immobilized cell systems 285
— industrial applications 285
immobilized cells

— heterogenicity 287

— metabolism 299

— physiology 287

— productivities 287

— substrate 287

immobilized microorganisms 299

Aspergillus 299

— Bacillus subtilis 299

— 2,3-butanediol 299

— 1-DOPA 299

— 11PB-hydroxy-progesterone 299
— Saccharomyces 299

— Zymomonas 299
immobilized yeast 301

— production of low-alcohol 301
impeller types 400 f.

- MIG 401

— propeller 401

— Ruchton turbine 401
inactivation 208 ff., 234, 236
— activation energy 234

— kinetic data 208

— kinetics 236

inclusion bodies 177, 180

— renatured 191

inclusion methods 291
indigo, from indole 326
indole alkaloids 300

induces fit 35

inhibition 63, 205

— competitive product 20

— graphical determination 63
— non-competitive substrate 205
inhibitor molecules 61 ff.
inoculum, carrier-fixed 305
insecticides 137

— pyrethrin 137

in-situ product removal (ISPR) 414

insulin 10, 13, 362
interactions 32, 247

— charge-charge 32

— charge-dipole 32

— dipole-dipole 32

— hydrophilic 247

— hydrophobic 32, 247
— ionic 247

internet databases 422 ff.
— biocatalysis 422

intracellular proteolysis 182
inulin 267, 269

— hydrolysis 269
inulinase 267
inulosucrase 270

invert sugar production 234 ff.
invertase 234 ff.

in-vitro evolution 88

— see also directed evolution
ion-exchange resins 256
— chemical basis 256

— functional groups 256
ion-exchangers 256

ionic liquids 74

— immiscible 75

— water-miscible 75
ionic strength 63 ff.

— influence of 63 ff.
isoelectric

— focusing 187

— point 187

isomalt 268

isomalto-oligosaccharides 217, 269 f.

isomaltose 216, 414

— synthesis 414

isomaltulose 13, 245, 268

— yield 268

isomerases 30, 97, 161 ff., 213
isopropenyl acetate 128

J

journal articles, searching 421 ff.
k

kecar, see turnover number
keto-1-gulonic acid, synthesis 323
keto-sugar 226

3-keto-sucrose 226

kinetic control 138

kinetic data 312, 359

— anaerobic systems 312

— experimental error 359

kinetic models 312

— in wastewater 312

kinetic properties, intrinsic 351
kinetic resolution 110 f.

kinetically controlled process 18 ff., 44, 78, 82

— endpoint 18

optimal yield 21
organic solvents 78
— product maximum 47
— product yield 44

— production of condensation products

- selectivity 21, 78, 82

45



— selectivity (k,/ki1)app 44

kinetically controlled reactions
57 ft.

— catalyzed by enzymes

— stereoselectivity 53 ff.

— temperature dependency 59 ff.

kinetically controlled synthesis 360

— N-acetyl-Tyr-Arg-NH, 662

kinetics 46 ff.

K., see Michaelis-Menten constant

Kyoto convention 3

kyotorphin 139, 364

42 ff., 53 ff,

42 ff.

1

B-lactam antibiotics

— enzyme processes

— production 370

— selection 370

- semisynthetic 382

fB-lactam peptide antibiotics 140

B-lactams, allergic 383

lactase (B-galactosidase) 211

lactate dehydrogenases 84, 233

lactose 21, 211

— hydrolysis 211, 266

laundry detergents, cheese-making 128

leather 9

— manufacture 9

LentiKats 291

leucine 114

t-leucine 231

— production 232

L-tert-leucine 115

leucine-dehydrogenase 230

Leuconostoc, immobilized 292

levansucrase 270

Lewatit 256

ligases 30

Lineweaver-Burk plot 51

linker 181

lipase-catalyzed kinetic resolution 129

lipase A 131

— kinetic resolution of amines 132

— oxyanion binding pocket 130

lipases 10, 46, 61, 76, 93, 127 ft., 174, 184
ff., 211, 221, 245, 258, 275

— adsorption 258 f.

Burkholderia cepacia 130

Candida antarctica 130

— Candida rugosa 127, 130

chaperones (lipase-specific foldases) 184

— genetic engineering 221

— hydrolysis 127

— industrial applications 132

370, 381 ff.
381 ff.

Subject Index

Kazlauskas rule 130

- lid 128

— mechanism 127

— on ion exchangers 275
— porcine pancreatic 130
— pre-pro-enzyme 185

— Pseudomonas cepacia 130
— Rhizomucor miehei 130
— thermostability 221

— yield 185

lipids, transesterfication 77
liver 174

loop 380

— reactor 314, 376
Loracarbet 95

lyases 30, 152 ff., 224
L-lysine 113, 163

— enzymatic synthesis
lysozyme 80

— rate constant for the irreversible 81

11163

m

macroporous particle 257

— structure 257

maltodextrin 218

maltooligosylsaccharides

mammalian cells 301

mandelate racemase 161

mandelic acid 148 ff.

mannitol dehydrogenase 321

mass balance 370

mass reaction 338 ff.

mass spectrometry 192

mass transfer 22, 286, 319, 338 ff.

— coefficient 338

— coefficient k; 319

— convective 362

— external 39

— fluid phase 319

— formation ofconcentration and pH-gradients
22

— in reactors 402, 494 ff.

— — correlations 402

— — packed-bed reactors

— — trickle-bed reactors

— limitations 357

matrices, see carrier or particles

membrane 178

— configurations

— module 229

— structures 229

— systems 227 ff.

— — module 227

— — reactors 227,229, 231, 379

270

402
402

230
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442 | Subject Index

— transport 178 — anaerobic 290, 305
membrane processes 227 ff. — immobilized 284, 318
— advantages 233 mixed inhibition 62
- disadvantages 233 mixing
membrane production system 228 — after tracer pulse 399
membrane reactors 379 — inreactors 392 ff.
— hollow-fiber 379 — in stirred-tank reactors 397
membrane translocation system 181 — time 376
mesophiles 83 — — inreactors 397, 401
metabolic — — scale 399
— design 15 molecular evolution 88
— engineering 321 — see also directed evoltion
— regulation 84 molecular weight 187
metagenomes 82, 175 monoclona antibodies 301
methane bacteria 307 monoglycerids 128
— growth rates 307 monooxygenases 116
methanogenic step 313 moxalactame 91
— reaction sequences 311 mRNA 177
r-methionine 151 — transcription 31 ff.
— production 151 multi-enzyme systems 229, 284
methyl-esterases 224 multiphase fluidized-bed adsorber 415
— pectin 224 multipoint attachment 260
Michaelis—Menten constant 41, 47 ff., 51, multi-step reactions 321
57,59 ff., 256 muscle 174
— bound organic molecules 77 mutagenesis 88
— kinetic characteristics 47 ff. - non-recombining 88
— temperature dependency 59 ff. — random 89
Michaelis-Menten plot 50 — recombining 89
microcarrier 301 ff. mutant libraries 88
— surface area 302 mutations 39
microenvironment 285 — spontaneous 39
microfiltration 186 mutator strains 89
microorganism 172, 174, 262, 284
— aggregation 289 n
— antibiotic-resistant 179 nano-environment around the immobilized
— classT 172 enzyme 354
— classification 172 nano-filtration 186
— crosslinking 262 naproxen 136
— efficiency 286 neosugar 270
- growth 310 neuropeptides 103, 364
— immobilization 285 — kyotorphin 364
— immobilized 286 neutraceuticals 225
— interactions of the surfaces 303 Newton number 393
— living immobilized 302 nicotinamide 147, 245
— mixed cultures 303 nitrification 309, 317
— processing parameters 292 nitrilase 13, 146 ft., 245
- recombinant 177 nitrile amidase 322
— screening 175 nitrile hydratase 146, 322
— source 175 — mechanism 147
— surface properties 303 Nitrobacter 317
— viable 284 — immobilized 292
— wild-type 172, 175 f. nitrogen elimination (nitrification, denitrifica-
microtiter plate 93 tion) 317 f.

mixed cultures 284, 290, 305 ff., — process step 317



— reaction 317

Nitrosomonas 317

— immobilized 292

non-comparative substrate inhibition 66
non-competitive inhibition 62
non-heme monooxygenases 121
novozymes 12

N-terminal sequencing 183

nuclease 174

nucleophilic attack 36

0

oligosaccharides
— derivatives 225
— in the food sector 271

— modification 225

— price 271

— synthesis 225, 264

organic solvents 74

— environmental regulations 74
— flammability 74

225, 264, 271

— toxicity 74
oxidoreductases 30, 111 ff.
oxygenases 116 ff.

oxynitrilase, see hydroxynitrile lyases
oxytocin 103

p

P450-monooxygenases, see cytochrome P450
enzymes

packed-bed (PB) reactor 345 f.

— effectiveness factor 345

pactin 293

pall rings 308

pancreas 174

papain 174
papaya 174
paper 5,24

— processing 211

— production 24

- recycling 24

particle size distribution 297, 347
— abrasion 347

particle-particle contact area 362
particles 250

— micrometer 464

— nanometer 464

— nonportous magnetic 464

— shape 250

— size distribution 250

— surface area 362

patents 419

— searching 43 ff.

PB reactors, comparison with CST 346

Subject Index

PBA-Eupergit 190

PCR (DNA) 192

pectate lyases 224

pectic enzymes 222

— action 223

pectic substances 223

pectin 222 ff.

— hydrolysis 224

— lyases 224

— structural elements 222

pectinases 224

— enzyme activities 224

pellets 288

— morphology 290

penicillin 15 ff., 43, 140, 237, 271 ff.

— biosynthesis 381 ff.

— chemical production 382

— enzymatic production 382

— hydrolysis 15, 237, 271 ff., 353

— synthesis 43, 271 ff.

— thermodynamic data 271

penicillin amidase 11, 13, 35 ff,, 46, 51 f,, 61,
97, 174, 180 ft., 237, 245, 360

— active site 39

— Alcaligenes faecalis 272

— Bacillus megaterium 272

— bound organic molecules 76

— chromatographic purification 189

— conserved residues 39

— covalent binding 261

— Escherichia coli 272

— from A. faecalis 39

— from E. coli 39

— from P. rettgeri 39

— half-life 388

— intramolecular autoproteolysis

— kinetic constants 85

— operational stability 272

— periplasmic 189

- pH-stability 81,86

— pre-pro-enzyme 181

— processing 181

— production 184

- productivity 272

— selectivity 85

— stereoselectivity 85

— synthesis 85

— turnover number

yield 183

— — after immobilization 272

penicillin G 68, 272, 357 ff.

— conversion 272

— hydrolysis 68, 272, 357

— reactor 272

81, 180

352, 355
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Subject Index

— synthesis 69

- yield 272

pepsin 10

peptidase 116, 236

— inactivation 207, 236
peptidase-deficient cells 182
peptide 69

— antibiotics 86

— cyclosporin 86

— gramisidin S 86
penicillin -~ 86

— synthesis 69

— tyrocidine 86

peptide bond 36, 41, 68

— hydrolysis of 36, 68
peptide hormones 103

— oxytocin 103

— vasopressin 103

peptide mapping 192
peptide synthesis 139

— peptidase-catalyzed 139
peroxidase 96, 126
peroxide shunt pathway 118
pharming 173

phase boundaries 71

— concentration gradients 71
phenethyl amine 132
phenylalanine dehydrogenases 114
— catalytic mechanism 114
R-phenylglycine 13
phenylglycine amide 360

— hydrolysis 355
phenylpropionic acid 322
pH-gradients 352 f.

— in immobilized enzyme particles 353
pH-optimum 58
physiological systems 334
phytase 160

pig liver esterase 137 ff.
plant cells 296, 300

— immobilization 296, 300
pK-values 386

plasmids 89, 179

point mutations 89
polyaddition 292
polyamides (nylon) 251
polycondensation 292
polygalacturonase 224
polymers 288

— cell surface 288
polymethacrylate 257
polysaccarides 252 ff., 293
— carriers 253, 261

— — activation of carboxyl groups 261

— crosslinking 293

— for enzyme immobilization 252
— structures 253

polysterene 256

— derivatives 251

polyurethanes 292
polyvinylacetate 257
polyvinylalcohol 291

porcine kidney 174

pore diffusion 286

pores 249

— diameter 249

— inner surface 249

— precipitation of the product 361
porins 287

porous glass, silica 250
post-translational modification 33
post-translational processes 178, 182
power

— consumption 400

— input 393

prebiotics 225

precipitation 415

Prelog rule 112

pre-pro-enzymes 33, 177 ff.
pressure drop 403

— inractors 392 ff.
primary structure 31
process 203, 389

— conditions 203

- integrated engineering 414

— options 389

— step 405

— technology 369 ff., 404 ff.

— — elements of 405

— — penicillin hydrolysis 378

— window 44, 389

— — foragivenyield 44
processing 414

pro-chiral compound 54

product 4, 71f.

— biotechnologically produced 4

— inhibition 37, 62

— precipitation 73

— slightly soluble 71 f.

yield 67 ff.

— — temperature-dependency 67 ff.
productivity 203 ff., 235, 356 f.

— biocatalyst 205

— process conditions
pro-enzyme 33, 179
— processing 179
— proteolytic processing 33
— proteolytical 179

356 f.



progesterone 122

pro-insulin, proteolytic processing 362
propane hydroxylation to converte 120
— arenes 120

cycloalkanes 120

— heteroarenes 120

— indole 120

— naphtalene 120

2-propanol 120

propeptide 181

pro-proteins 362

proteases 10

— pancreas 10

— see also peptidases

proteins 174, 254

— flexibility 202

— functional groups 254

— production 301
therapeutical 174

— turnover 84,177
proteinase K 52

— stereoselectivity 52
proteolysis, intracellular 177 ff.
proteolytic processing 33, 180, 362
— autoproteolytic reaction 33
— pro-insulin to insulin 362
proton transfer 36
Pseudomonas putida 121
Pseudomonas sp. 185
psychrophiles 83

pullulanase 276

pulp 211

— dewatering 212

— processing 211

pumice 307 f.

pyranose oxidases 226
pyrethrin 137

pyrethroids 157
pyridoxal-5‘-phosphate 161
pyrogens 191

q

quaternary structures 32
r

R-7-ADCA 383

— alternative processes 383
— from isopenicillin N 383
racemases 53, 94, 150, 161
racemate resolutions 70 f.

— endpoints 70 f.

— kinetic 70 f.

— — resolution 53

Subject Index

racemic mixtures 54, 110

— separation processes 54

racemization 274

raffinose 266, 268

— hydrolysis 266, 268

random mutagenesis 88

Raschig rings 308

rational enzyme engineering, see rational pro-
tein design

rational protein design 87, 97 ff.

— chemical stability 99

— examples 97 ff.

— pH-stability 99

— principle 97

— specificity constant 98

— stereoselectivity 99

— substrate specificity 98

— temperature stability 98

reaction 203

— conditions 203

— engineering 404

reaction rate 338 f.

— function of particle radius 338 f.

reactor 369 ff.

— choice 369

- configurations 375 ff.

— mass balance 370 ff.

— measurement and control units 411

- modifications 375

— operational modes 371

— stirred tank 370

— tubular 370

types 370 ff.

reactor instrumentation 410

— control units 410

— peripheral equipment 410

recirculation reactor 390

recombinant technology 218

— improved selectivity 218

— improvement in thermostability 218

— increase in the productivity 218

refolding 180

regiospecific transformation 233

regiospecificity 264

renaturation 78 ff.

rennet §, 211

— cheese making 8

repressor protein 177

residence time 344, 371

— CSTR 394

— distribution in reactors 392 ff.

— for substrate conversion 345

— — cascades 394, 396
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Subject Index

— — deviations 395

— — for ideal and real reactors 395

— hydraulic 394

— in reactors 393

— required for a continuous stirred tank
reactor 374

— required for a tubular reactor 374

— tubular reactor 394

resting cells 284

reverse reaction 67

reversion products 213, 216
— isomaltose 216
Reynolds number 319, 392

Rh. miehei 185

Rh. oryzae 185
rhamnulose-1-phosphate aldolase 158
ribozymes 2

rotating biological contactors 317
rPA 23

Rushton turbine 398

ruthenium 134

5

saccharide 225

— derivatives 225
Saccharomyces cerevisiae
— alcohol-free beer 301
— cell physiology 301
— immobilized 292
safety aspects 202 ff.
sand 308

saturation mutagenesis
scaleup 302,392 f.

— power input 402

— shear stress 402
Schmidt number 319, 393

screening 88,92 f, 176

— E.coli 176

— penicillin amidase 176

screening enzymes 175

SDS gels 183

secondary structure 31

selection 88

— markers 179

selectivities 354 ff.

sepabeads 251

sephadex 254

sequence space 89

settling velocity 403

shear stress 402

B-sheet 31

Sherwood number 338, 342, 393

— stirred-tank of packed-bed reactors 342
— unstirred system 342

185, 301

88,93

shikonin 300

short interference RNA, siRNA 177
ST unit 50

signal peptidases 178

signal peptide 33, 178

silica carrier 259

— activation with glutaraldehyde 259
— binding of an enzyme 259

silica particles, porous 301

Siran 301

site-directed mutagenesis
space velocity 266

87,97

spacers 247, 262
space-time yield (STY) 65, 203 ff,, 343 ff,,
391

— different reactors 343 ff.
specificity constant (k./Ku)
stability 78 ff., 356 f.
— process conditions
starch conversion 407
— process step 407
starch hydrolysis 15 ff,, 213, 218, 377, 406
— conditions 218 f.

— enzymes 219

— liquefaction reactor configuration 408
— process data 219

— process steps 218 f.

— reactors 377

starch processing 212 ff.

— enzymes 213

stationary charges 350, 355

— on the surface of pores in particles 350
stereoselectivity 52, 53 ff., 73, 354 ff.

— ionic liquids 78

— organic solvents 78

— pH dependency 57 ff.

— temperature dependency 59 ff.

- two-phase systems 78

stereoselectivity E 55 ff.

— equilibrium-controlled reactions 55

— kinetically-controlled resolution 55

— temperature dependency 59 ff.
stereospecificity 264

stirred vessels 393

— deviations from ideal flow 393
stirred-batch reactor 345 f.

— effectiveness factor 345
stirred-tank reactor (CST-reactor)
— circulation flow 398

— continuous 344 f.

— effectiveness factor 344

— impeller 398

— mixing in 397

stirring 337

50, 83

356 f.

344 1.



styrene elimination 318
substrate 71 ff., 198

— adsorbed 198

binding 34

— confectioning 221

— conversion 372

— granulated 221

— high molecular-weight 198
— immobilization 243 ff.

— — capacity by adssorption 250
— — covalent binding 250, 259 ff.
— — limitations 246

— — principles 246

— inactivation 236 f.

— inhibition 63

— insoluble 198

— slightly soluble 71 f.

— solid phase 73

— specificity 42

— stabilization 244

— transport rate into the particle 340
substrate, immobilized 245
— applications 262 ff.

— chemical properties 249

— commercial processes 245
— companies 245

— glucose isomerization 262
— inactivation 247

— matrices 249

— mechanical properties 249
— morphological properties 249
— penicillin hydrolysis 262
subtilisin 96 £., 139, 174, 220
subunits 32

sucrose 226, 266, 268 f.

— hydrolysis 266

— isomerization 269

— oxidized 226

sucrose mutase 245, 268

- half-life 268

— immobilization 268

— stability 268

sugars 225

supercritical solvents 74

support properties on the nano- and micro-

meter level 350 ff.
suspensions 71
sustainability 1 ff., 20
— criteria 1
— goals 20
sustainable process 15
synthesis
— of alcohols 112
— of amino acids 113 ff.

Subject Index

— of cocoa-butter equivalents 128
— of monoglycerids 128
synzymes 100

t

tagatose-1,6-diphosphate aldolase 158

tank reactors 376 ff.

— cascade of 376

Taq polymerase 89

temperature optimum 60

tertiary structure 32

therapeuticals 5

therapeutics 24

thereospecific transformation 233

thermodynamic control 138

thermolysin 139, 245, 276

— synthesis of aspartame 276

thermophiles 83

Thiele-modulus 341

tissue plasminogen activator (tPA) 191

total turnover number 115, 229

transaminase 274

transcription 177

transcriptional processes 178, 182

transesterfication 77

transferase 30, 43, 46

transhydrocyanation 157

translation 31 ff.

translational processes 178, 182

tricking filters 317 ff.

— operating parameters 321

— packing material 317

— pollutant concentrations 321

trypsin 10, 51, 174, 260

— immobilization 260

L-tryptophan 275

tubular reactor 372, 378

- configurations 379

— deviations from ideal flow 393

— fixed-bed reactor 379

— hollow-fiber membrane reactor 379

— trickle-bed reactor 379

turnover number (k) 41, 47 ff,, 51,57,
59 ff,, 351

— bound organic molecules 77

— kinetic characteristics 47 ff.

— temperature dependency 59 ff.

two-phase systems 76 f.

— partition substrates 76

— products 76

u
ultra-filtration 186
— membranes 227 ff.
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Subject Index

ultra-violet absorption spectrum 187
— continuous 188

— DNA/RNA 187

— recovery 188

— technical extracellular enzymes 187
unfolding 79

unit operations 404

— equipment 405

upflow anaerobic sludge

— bed 289

— blanket (UASB)
upstream 404
urease 51
urokinase 23

313 ff.

v
vaccines 301

vasopressin 103

vegetable processing 211. 222
vinegar, see acetic acid

vinyl acetate 128

vitamin C 323 ff.

void volume 403

— pressure drop 403

voidage 403

w

washing powder 220

wastewater 309 ff.

— anaerobic treatment 309 ff., 313

— chemical oxygen demand (COD) 311

— composition 312

— from agricultural and food processes
— industrial substrates 312
— load 315

— nitrogen elimination 317
— purification 309
Western blots 183

whey 21, 266

whole-cell

— Dbiotransformation 322 f.
— systems 112

x
XAD adssorbents 258
xenobiotic compounds 116
— Bacillus megaterium 119

— detoxification 116
xylanases 211 f., 224

xylose isomerase 245
p-xylose ketol-isomerase 264

yeast 180, 289

— flocculating 289

— improved productivity 289
yield 42, 68 ff.

— pH-dependency 68 ff.

z
zeolite 415

315



