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Abacavir 396

ab-initio modeling

— modeling protein structure 430
— structural genomics 430
acceleration ratio 224

ACE inhibitor 185
(R)-acetoin 194

acetolactate decarboxylase 194, 275
acetolactate synthase 181
acid phosphatase

— heme-dependent chloroperoxidase 297
acid proteases 262
acid—base catalysis

— basic nucleophiles 249

— Brensted o value 248

- pK, value 248

— proton transfer 248

— reaction parameter 248
acrylamide 160

— acrylonitrile 355
acrylonitrile 355

activation energy 113

— deactivation 113
active-site architecture

— dominance of 466

— suprafamily 466
active-site titration

— electrophile 250

— ethyl p-nitrobenzoate 249
activity coefficient 346

acyl intermediate

— cinnamoylimidazole 263
acylase I 172, 553

— operational stability 553
— see also aminocylase

— thermal stability 553
acyl-enzyme mechanism

— acetyltryptophan p-nitrophenyl ester 263

— acylation step 263
— deacylation step 263

Biocatalysis. A.S. Bommarius, B.R. Riebel

adenosine deaminase 462

ADH see alcohol dehydrogenase

adiponitrile 162

aggregation rate 498

alcohol dehydrogenase 186, 237, 344, 394,
557, 559

— coenzyme 273

— deprotonation 274

— deuterium isotope effect 270

— (R) enantiomer 271

— hydride transfer 269

- NADH 271

— proton transfer 273

— pyrroloquinoline quinone 269

— stopped-flow spectrophotometry 270

— substrate inhibition 270

— Theorell-Chance mechanism 269

aldehydes 528

aldolase 274

aldose reductase 462

Amadori rearrangement 481

(R)-amidase 393

amidase process 174

amidohydrolases

— carbamoylase 464

— phosphotriesterase 464

— urease 464

amino acid composition

— (CNBr) cleavage 258

— Edman degradation 258

— ninhydrin coupling 258

— protein sequencing 258

reversed-phase HPLC 258

— total acid hydrolysis 258

amino acid metabolism

— aldol cleavage 275

— racemization 275

— transamination 275

amino acid oxidase 400, 238

amino acid sequence 312, 461

— formate dehydrogenase 422
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— psipred 422

— transmembrane location 422
aminoacylase 172

— see also acylase I

aminoacylase process

— r-amino acids 172
7-aminodesacetylcephalosporanic acid 197
1-2-aminobutyric acid 181

aminolysis 344
6-aminopenicillanic acid 197
aminotransferase 398

— asparte aminotransferase 332

— branched-chain aminotransferase 332
— L-tyrosine aminotransferase 332
amoxicillin - 174, 365
ampicillin = 174

amylase 49, 476, 502
analog 461

Anfinsen dogma 489
anhydrous organic solvent
antibiotic 197, 326, 331
— resistance 318
antibody reaction

- anti-DIG-antibody 77
anti-catalyst 21
anticholesterol drugs
antiinfectives 393
aqueous two-phase extraction 229
aromatic biosynthesis pathway 481
ascorbic acid 583

— see also vitamin C
Aspartame® 180, 188, 363
aspartase 180
r-aspartate-f-decarboxylase
aspartate aminotransferase (AAT)
r-aspartic acid 180

asymmetric epoxidation 570
asymmetric sulfoxidation 341
atom economy 39

atom utilization 577

auxotroph 332, 481

341

393

113, 180
196, 470

B

bacteriophage

— cos site 79

— lambda 79

— lytic phase 79

baker’s yeast 185, 402
a/p-barrel proteins 313

— catalytic versatility 475
— circular permutation 475
— evolution 475

— fructose-bisphosphate aldolase 474
— gene duplication 475

— horizontal gene transfer 475
— stability 475
— transaldolase
benzodiazepine
— LY300164 404
binding pocket protector
bioavailability 55, 375
biocatalysis 14
biocatalyst 362

— productivity 33

— retention 550

— stability 33
bioinformatics

— algorithm 415

— computational approach 416
— computer science 415

— information technology 415
— statistics 415

biostoning 143

Biot law 247
biotransformation 7

biphasic equilibirum constant
biphasic solvent 346

BLAST

— bit score 425

blastp 422

— E-value 425

— hit list 425

— NADH oxidase 423

— query sequence 425

— tblastn 422

bleach boosting 149
blue—white screening

— PB-galactosidase 79

— isopropyl-p-p-galactopyranoside (IPTG)
— lacZ’ repressor 79

borane reduction 530

— enantioselective 528

Born—Haber cycle 24

branched-chain aminotransferase 332
Brevibacterium lactofermentum

— o-chlorocaprolactam 51

— lysine 51

— S-(2-aminoethyl)-L-cysteine 51
Bronsted analysis 522

y-butyrobetaine 193

474

354

342

o

Cahn—Ingold—Prelog rule
Candida rugosa

— lipase 356

capacity factor (k) 234
capillary electrophoresis

— cation exchange column 439

171

79



— MS detector 439
— validation 440
capillary transfer
— capillary force 74
carbamoylase process
carboligase 200
carboligation 479
carbon source 213
carbonic anhydrase 462

— inhibitor 403f

— Trusopt 403

carbonic anhydrase II

— catalytic Zn" 258

— diffusion-limitation 258

— histidine residue 260

— proton shuttle 260

— turnover number 259

carbonyl reductase 185, 559, 564
carboxylic acid hydrolase 582
carboxypeptidase A

— entropy increase 268

— induced fit 268

carboxypeptidase B

— entropy increase 268

— induced fit 268

Carnitine 191, 559

carotenoide 333

— pathway 334

CAT

— isotope coded linker 441

— phosphoramidate 441

— reactive group 441

— tag 441

catalyst productivity 33, 563

catalyst stability 33, 563

catalytic antibody 25, 458, 512, 570
catalytic efficiency 363

catalytic promiscuity 466, 469

catalytic RNA 521

— see also ribozyme

cation exchange column 439

CCR see combined chain reaction

cell density 214

cellulase 142

centrifugation 223

cephalosporin C 197, 380
cephalosporinase C = 331

chaotrope 491

chemical mechanism dominance 465, 479
— superfamily 466

chemical mechanism 270

chemically modified mutants 303

— methanethiosulfonate 303

— oxyanion 304

174, 330

Index

chemzyme membrane reactor (CMR) 529,
550

— aldehydes 530

— borane reduction 530

— dialkylzinc addition 530

— Julia—Colonna epoxidation 530

— meso-anhydrides opening 530

— Sharpless dihydroxylation 530

— transfer hydrogenation 530

chimera 331

chimeric DNA molecule 311

chimerism 471

chinese hamster ovary cells 82

chiral drug 379

chiral pool 576

chirality 171

chlorine bleaching process 145

a-chlorocaprolactam 51

chloroperoxidase 571f

— halogenation 260

— hemethiolate 260

CHO see chinese hamster ovary cells

cholesterol absorption inhibitor 395

cholesterol biosynthesis 382

chorismate mutase 329, 518

chromatography

— affinity 235

— fixed-bed adsorption 233

— frontal chromatography 233

— hydrophobic interaction 235

— ion exchange 235

— elution chromatography 233

chymotrypsin = 344f, 347, 352f, 360, 364, 470,
505, 516

cilastatin

— PB-lactamase inhibitor 393

circular permutation 466, 469, 474

cis-aminoindanol 397, 588

cis-dihydrodiol 163

— reactor configuration 164

Claisen rearrangement 518

cloning

— ligation technique 77

— restriction enzyme 77

co-cloning 559

cofactor

— regeneration 178, 556

Cohn—Edsall equation 226, 228

cold denaturation temperature (T,) 492

combined chain reaction 288

— deletion 288

— ligase chain reaction (LCR) 288

— melting temperature 288

— thermostable ligase 288
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comparative modeling

— protein structure 430

— structural genomics 430
complex medium 213
concentration polarization (Rp)
consensus motif 174
consensus sequence 415
constant conversion policy 122, 543
constant flow policy 122, 543
continuous reactor 200
convergence temperature 490
convergent evolution

— carbonic anhydrase 462
Corynebacterium glutamicum

— animal feed 46

— r-glutamic acid 46

crossflow microfiltration 232
crossover 332

— frequency 322

— ratio 319

crotonase 464

crude extract 7

crystal structure

— electrostatic interactions 54

— salt bridges 54

culture collection agencies

— ATCC 45

— DSMZ 45

— national collection 45
Curtin—Hammett principle

— conformational-equilibrium control
— energy barrier 245
product distribution 246
rapid equilibrium 245
cysteine proteases 261

— imidazolium group 265

— thiolate ion 265

— thiolate—imidazolium ion-pair
cystine residues

— B-elimination 502
cytochrome P450 300

— cobalt(iii) sepulchrate 301
— regioselectivity 301

232

265

D

DAOC synthase 381

— see also expandase
database

— computer program 415
— sequence similarity 414
— Swiss-3D-image 429
data-mining 415

— evolutionary pattern 416
— homolog 416

246

— model organism 416

— phylogenetic relationship 416

deactivation kinetics 119

— activation energy 113

deactivation of enzymes

— cystine residues 502

— deamidation 502

— B-elimination 502

— thiol—disulfide interchange

deactivation rate law 494

death phase 214

death rate constant 215

decarboxylase

— synthetic 525

decarboxylation 332, 469

dehydration 344

dehydrogenases

— alcohol dehydrogenase 298

— cofactor 297

— consensus sequence 300

— glutathione 298

— 3a,20B-hydroxysteroid dehydrogenase 298

— isocitrate dehydrogenase 298

— L. brevis 298

— leucine dehydrogenase 298

— substrate specificity 299

denim 579

3-deoxy-p-arabino-heptulosonate 7-phosphate
(DAHP) synthase 579

2-deoxyribose-5-phosphate aldolase

— epothilone 304

— Lipitor 305

— retroaldol reaction 304

depth filter 112

desacetoxycephalosporin C synthase 381

dialkylzinc

502

— addition to aldehydes 527, 530
dialysis 231

Diels—Alder reaction 518, 523, 528
diethylzinc

— addition to aldehydes 528

differential scanning calorimetry (DSC) 494,
508

diffusion limitation 348, 547

diffusion-controlled

— Smoluchowski equation 27

digoxigenin 76

dihydropyridine 367

— calcium antagonists

dilution rate (F/V) 217

1,5-dimethyl-2-piperidone 163

dioxygenase 165

— regioselectants 167

directed evolution 177, 179, 310, 330

402



— comparison technique 331

— protein engineering 332

disk-bowl centrifuge 224

divergent evolution

— adenosine deaminase 462

— aldose reductase 462

— enolase 462

— xylose isomerase 462

D-LDH see p-lactate dehydrogenase

DNA isolation

— cell lysis 65

— genomic DNA 65
— isolation kit 66

DNA library 315

DNA ligase

— dephosphorylation 80

— ligation kinetics 80

DNA microarray 51, 437

grid 446

— hybridization filter 446

— pathological disease 446

— piezo-ink-jet method 446

— pin spotting 446

DNA mutagenesis methods 317

DNA polymerase 70

DNA recombination 326

— degenerate oligonucleotide shuffling
(DOGS) 316

— DNA shuffling 315

— family shuffling 316

- rshuffling 316

— methods 317

— RACHITT 315f

— recombined extension on truncated
templates (RETT) 316

— staggered extension process (StEP) 316

DNA replication

— low-fidelity condition 319

DNA sequence 461

— protein data bank 421

— restriction map 421

DNA sequencing 416

— Celera Pharmaceuticals 417

— didesoxynucleotides 77

— fluorescence marker 77

— human genome 417

— Moore’s law 417

— protein 3D structure 417

— TIGR 417

DNA shuffling 315, 319f, 331

dogma of biology

— transcription 63

doubling time 214

downstream processing 210, 223

Index

drug development 377

— pipeline 378

drug efficacy 377

dry cell weight 215

dye-transfer inhibition 140

dynamic kinetic resolution (DFR)

— enzyme—metal combi reaction
(EMCR) 532

E

E. coli

— gene synthesis 83

— lacl repressor 83

— Shine—Dalgarno sequence 82

E.C. nomenclature 418

effective equilibrium constant 342

effective molarity 26, 517, 525

effectiveness factor 115, 400, 542

elastase 359

— B-lactam 388

— inhibition 388

electrophoresis

— charge ratio 255

— electric field 255

— frictional ratio 255

— Rgvalue 255

— size ratio 255

— sodium dodecyl sulfate (SDS) 255

— Stokes diameter 255

elementary chlorine-free process 145

B-elimination

— cystine residues 502

enantiomeric excess 31, 532, 554

enantiomeric purity 379, 400

— amines 182, 534

— compounds 10

— hydrophobic alcohols
— isolated enzyme approach 556, 558
— organometallic catalyst approach 561
— organometallic catalyst processes 562
— whole-cell approach 559
— whole-cell processes 560

enantiomeric ratio 31, 126

— see also E-value

enantioselectivity 329, 527, 529, 531, 533,
561, 563, 571, 583

— asymmetrical reaction 301

— enhancement 354

— flexibility 347

— hydrophobicity 350

— in organic solvents 354

— inversion of 330

— oxidation 559

— racemate 301
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— solvent polarity 350 enzyme membrane reactor (EMR) 172, 179,
enantiospecificity 529, 550

— Nifedipine 367 — Candida rugosa lipase 554

— solvent control of 367 — chloroperoxidase 554

enhanced solubility 341 — classification 111

enolase 462 — design criterion 552

— mandelate racemase (MR) 464 — design equation 110

— muconate-lactonizing enzyme (MLE) 464 — formate dehydrogenase (FDH) 554
— N-acetylamino acid racemase (NAAR) 464 - B-glucuronidase 556

enrichment culture — immobilized 106

— inoculum 48 — inulin sucrase 556

— pure culture 48 — p-lactate dehydrogenase 554
— selection pressure 48 — large-scale application 553
— streak plate 48 — lipase 556

entropy trap 514, 517 — N-acetylneuraminic acid aldolase 554
environment 46 — NeuS5Ac-aldolase 555
environmental stress factors — processes 554

— ecological niche 52 — pyruvate decarboxylase (PDC) 554
— kosmotrope 52 — retention of enzyme 110

— pressure condition 52 — transaminases 556

— stress 52 — transketolase 554

— temperature tolerance 52 enzyme memory 352
environmentally benign manufacturing 575 enzyme models 523
enzymatic kinetic resolution 365 — see also synzymes

enzymatic peptide synthesis 189 enzyme nomenclature 14

— kinetically-controlled 190 enzyme reaction

— thermodynamically 190 — batch reactor 106

enzyme active site — batch-UF reactor 106

— redesign of 331 — diffusion-controlled 27
enzyme deactivation 551 — engineering

— batch reactor 495 — fixed-bed reactor 106

— deactivation rate law 494 — goal of 92

— empirical deactivation model 494 — immobilized 106

— influence of aqueous interfaces 505 — membrane reactor 106

— influence of gas bubbles 504 - recycle reactor 106

— influence of organic interfaces 505 enzyme stability

— influence of salts 505 — operating stability 32

— influence of solvents 505 — process stability 32

— influence of stirring 503 storage stability 32
— intrinsic deactivation rate constant (kg) 493 - thermal stability 32

— Lumry—Eyring model 493 enzyme surface
— observed deactivation rate constant — stripping off 345
(kaops) 493 enzyme—membrane reactor 200f
— short-time behavior 495 enzyme—metal combi reaction (EMCR) 532
— three-state model 493 enzymes
enzyme function — paper industry 145
— evolution of 516 — laccase 145
— generation of 458 — xylanase 145
enzyme half-life 582 — pulp industry 145
enzyme inhibition 97 — laccase 145
— classical inhibitor 98 — xylanase 145
— disease 374 - textile industry 140
— slowly binding inhibitor 98 — biofinishing 141

- tight-binding inhibitor 98 - pilling 141



— singeing 141
— textile finishing 140
— thermal inactivation 502
EPC 10
ephedrine 200, 554
epoxidation 526, 528f
— cytochrome P450 300
— Julia—Colonna 527
equilibrium shift 340, 342
equivalent settling area 224
error-prone PCR 140, 315f, 319, 321, 325,
329, 331, 398
Escherichia coli
— number of genes 62
ESI
— collision-induced dissociation 445
— Coulombic explosion 444
— polarity 445
— quadrupole 445
— radio-frequency 445
— spray 444
ESI-MS
— charged liquid droplet 257
— mass-to-charge-ratio 257
ester hydrolysis 469
esterase 326, 328
eukaryotic expression
— glycosylation 87
eukaryotic vectors
— shuttle vectors 80
— yeast 80
eutectic suspensions
— enzymatic catalysis 361
E-value 31, 126, 350, 354, 396
— choice of temperature 130
— derivation of 126
— assumptions 128
optimization 130
— see also enantiomeric ratio
expandase 381
— see also DAOC synthase
ExPASy server
— ClustalW 419
— EBI 419
metabolic pathway 419
— NCBI 419
— sequence alignment 419
exponential growth 47
exponential phase 214
expression system
— alcohol oxidase gene 88
- CHO 82
— constitutive 82
— dual expression vector 88

Index

— fusion protein 82

- GAL1 88

— inducible 82

— Pichia pastoris 88

— protease-deficient 82

— S. cerevisiae 88

external mass transfer 114

— apparent Michaelis constant 118
— see also film diffusion

— influence of stirring 117

— masstransfer coefficient of 114
— non-linear Arrhenius plot 118
— non-linear Lineweaver—Burk plot 118
— thickness of film layer 117
extremophile 52

— acidophilic 53

— biotechnological application 55
— enzyme application 55

— glucose isomerase 55

— halophilic 53

— high space—time-yield 54

— hydrophobic interactions 53

— hydrophobic solvents 55

— hyperthermophilic 53

— mesophilic 53

— piezophilic 53

— psychrophilic 53

— thermophilic 53

F

family 464

FDH see formate dehydrogenase
fed-batch biotransformation 194
fed-batch culture 216

fed-batch fermentation 216
Fe-dependent oxidase/oxygenases
— cephalosporin synthase 464
— isopenicillin N-synthase (IPNS) 464
fermentation 7, 197, 214
ferrochelatase 518

film diffusion 114

— see also external mass transfer
final purification 211

fixed-bed reactor 172

— productivity 547

flexibility

- conformational 347

fluidity 552

fold 464

fold recognition modeling

— protein structure 430

— structural genomics 430
folding

— aggregate formation 498
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formate dehydrogenase (FDH)

intermediate 497
protein synthesis 498
178, 399,

462, 557

free enthalpy—reaction coordinate

diagram 21

Friedel—Crafts acylation 577, 580
fructose

isomerization 541

fructose-bisphosphate aldolase 474, 476

fumarase

182

fusion PCR

fragment 284
mutation primer 284
point mutation 284
target site 284

fusion protein

G

glutathione-S-transferase (GST) 87
intein domain 87
maltose-binding protein (MBP) 87

GAPDH see glyceraldehyde phosphate

GenBank

dehydrogenase
419
features link 420
NCBI server 420
redundancy 420

gene duplication 466f, 470, 483

— benzoate dihydrodiol dehydrogenase 479
pB-ketoadipate pathway 475

mandelate dehydrogenase 479
mandelate pathway 475

mandelate racemase 479

muconate lactonizing enzyme 479

gene expression

immobilized DNA 446

gene library

gene synthesis

enriched ¢cDNA library 67
representative 67
319

gene truncation 319

general acid—base catalysis
gene-site saturation mutagenesis

481
325

genome sequencing

DNA microarray 51
promoter optimization 51

genome shuffling

combinatorial approach 452
genetic engineering 452
growth advantage 452
Lactobacillus 452
protoplast fusion 451
recombination 452

— tylosin 452
genome 418
genomic library 57
genomics
— disease 436
— drug target
— exon 436
— expression pattern 436
— high-throughput 435
— intron 436

— splicing form 436
Gibbs free solvation energy 348
gluconic acid dehydrogenase 584
glucose dehydrogenase 394, 584
glucose isomerase (GI) 187, 240, 540
— Actinoplanes missouriensis 289
— enediol intermediate 292
— glycation 289
— HFCS 292
— hydride shift 292
— hydrophobic cluster 292
— push—pull mechanism 292
— ring opening of pyranose 292
— thermal inactivation 289
— thermodynamic equilibrium 289
— thermostability 289
glucose
— isomerization 541
B-glucosidase 362
glucosylation 362
glucuronidation 395
glucuronyltransferase 395
glutamate dehydrogenase 400
glutamate oxidase 398
r-glutamic acid 46
glyceraldehyde phosphate dehydrogenase
glycerol dehydratase 587
glycerol dehydrogenase (GDH)
glycoamylase 292
Gram-negative bacteria 226
Grashof number 220
Green Chemistry 9
ground state 514
growth models 216

435

557

H

habitat 47

half-barrel ancestor 482
half-life (r12) 121, 180, 182, 547
— apparent halflife 123
Hammett equation

- pK, value 248

— reaction parameter
heat treatment 214

248

313



heat-stable polymerase
— thermal cycling process 56
height equivalent of theoretical plate
(HETP) 233
o-helix 313
heme peroxidase
Henry’s law 220
herbicide 195f
heterologous expression 186
HETP see height equivalent of theoretical plate
HFCS 292
— see high-fructose corn syrup
high blood pressure treatment
— B-blocker 400
— ACE vasopeptidase inhibitor
— calcium antagonists 402
— neutral endopeptidase 398
— Omapatrilat 398
high-fructose corn syrup (HFCS)
— process 540ff, 543, 545
— deactivation curve 545
— enzyme deactivation 542
— glucose isomerase (GI) kinetics
— pseudo-stationarity 543
high-throughput screening 56
— colorimetric method 57
— confocal nanospectroscopic scanning 57
— fluorescence enzyme bead assay system 57
— fluorescence method 57
— nucleic acids 57
— pharmaceutical company 56
— related primer pair 56
— robotic system 56
— screening assay 323
His tag 235
HIV protease inhibition 375, 389, 588
— amprenavir 390, 392
— indinavir 390
— nelfinavir 390, 392
— ritonavir 390, 392
— saquinavir 390
— transition-state analog 390
— trends in the area 393
HLADH 347
— see horse-liver alcohol dehydrogenase
HLE
— cephalosporin A 386
— see also human leucocyte elastase
— inhibition 386
— lead structur 388
HMG-CoA reductase
— atorvastatin 394
— cerevastatin 394
— fluvastatin 393

140

398

55, 187f

541

Index

inhibitor 384ff

lovastatin = 384

— mevastatin 384

— pravastatin 393

— simvastatin 384

Hofmeister series 228

homogenization 225

— ball mill 225

— French press

homolog 461

horizontal gene transfer (HGT)

— evolutionary dynamic 45

— vertical inheritance 471

horse-liver alcohol dehydrogenase (HL-
ADH) 345f, 460, 462

horseradish peroxidase 341, 345, 354

HRP see horseradish peroxidase

HTS see high-throughput screening

human immunodeficiency virus (HIV)

— cycle of replication 389

human insulin 46

225

466

human leucocyte elastase 385
— inhibition 385
hydantoinase process 174, 330

hydrophobicity 347

hydration 229, 354

o/B-hydrolase

— fold 458

— haloalkane dehalogenase 464

— hydroxynitrile lyase (HNL) 464
hydrophobicity 347, 350, 366f
hydroxy acid dehydrogenase 296
hydroxy nitrile lyase (HNL) 167, 469f
— aldehyde 167

— Dbitter almond 167

— cyanohydrin 167

— oxynitrilase 167

— reaction engineering 167
hydroxylation

— cytochrome P450 300
(R)-2-(4-hydroxyphenoxypropionic acid) 195
1

ibuprofen 577

ICAT see also isotope-coded affinity tag
ice—water mixture 359

ideal reactor

— batch reactor (BR) 96

— continuous stirred tank reactor (CSTR) 96
— plug-flow reactor (PFR) 96

IEF see isoelectrical focusing

IMAC see immobilized metal affinity column
immobilization 353

— carrier property 109

601



602

Index

— mode 109

— rate-determining step 109

— reasons for use 110

— resins 527

immobilized metal affinity column 236

immobilized-enzyme reactor 553

inactivation kinetics  503f

inactivation rate 505

inclusion body 496, 505f

— aggregates 85

— chaperones 85

— formation

— aggregate formation 498

— folding 498

— protein synthesis 499

protein folding 85

incremental truncation 325

indigo 143, 165, 578, 590

indinavir 588

— cis-aminoindanol 397

indole-3-glycerol phosphate synthase 476

induced fit 23

inducible expression system

— hybrid tac promoter 84

inhibition

— product 113

— substrate 113

inhibition ratio (Ky/K;) 101

inoculation 214

inoculum 210, 215

in situ racemization 174

instability of proteins

— aggregation 501

— causes of 501

— conformational process 501

— covalent process 501

— deactivation 503ff

— incorrect structure formation 501

— influence of aqueous interfaces 505

— influence of gas bubbles 504

— influence of organic interfaces 505

— influence of salts 505

— influence of solvents 505

— influence of stirring 503

— thermal inactivation 502

interfacial activation

— conformational change 266

— helical lid 266

interfacial tension 505

interferon 46

internal mass transfer 114

— broadening of activity-pH profile 118

— enhanced apparent temperature
stability 118

— hindered pore diffusion 118
— see also pore diffusion
intramolecular reaction 26
intrinsic activation energy 348
intrinsic deactivation rate constant (kq) 493
inverse PCR
— large-scale physical map 71
— yeast artificial chromosomes (YACs) 71
in vitro selection 421
ion trap analyzer
— collision cell 445
— end-cap electrode 445
- ring electrode 445
ionic liquid 356, 533
isoelectric point
— Henderson—Hasselbach equation 254
— immobiline 254
— overall charge 254
- pH gradient 254

— immobilized 254
isoelectrical focusing 438
ampholyte 438
cathodic drift 438
— electroendoosmotic flow 438
— immobilines 438
— immobilized pH gradient 438
— NEPHGE 438
isoinversion temperature
— derivation of 130
isomerization
— fructose 541
— glucose 541
isotope effect 516
— isotopic labeling 249
isotope-coded affinity tag 440

J

Jacobsen’s five criteria 570
Julia—Colonna epoxidation 530

K

kappa number 150

Kemp elimination 469, 522

2-keto-3-deoxy-6-phosphogluconate (KDPG)
aldolase 331

keto acids 177

keto compounds

— trimegestone 402

— whole-all reduction 402

B-ketoadipate pathway 475

ketoreductase 404

kinetic modeling 92

kinetic resolution 193

kinetically controlled synthesis 365



k;a measurement

— Clark electrode 221

— dynamic method 221
— sulfite method 221
kosmotrope 491
kosmotropicity 363

Kraft pulping process 149
Kunkel 285

Kunkel method

— M13 phage system 285
— phage 285

— uracil glycosylase 285
Kurz equation 25

L
laccase 147, 151
laccase—mediator system 151
B-lactam 326
— antibiotics 198, 331, 365, 406

— resistance 380
B-lactamase 382, 386
— inhibitor 393
y-lactamase 396
p-lactate dehydrogenase (D-LDH) 462
lactate dehydrogenase (LDH) 295, 460, 557
— Bacillus stearothermophilus 296
— hydroxy acid 295
— keto acid 295
— rearrangement 296
— substrate inhibition 296
— substrate pocket 296
— substrate specificity shift
lactic acid bacteria
— chiral building block 448
— pathogen 448
— stress response 448
lactose hydrolysis 191
lag phase 214
lag time 215
Lambert—Beer law
— fluorimetry 247
large-scale pharma intermediates
laundry cycle 138
laundry detergent enzymes
— amylases 139
— bleach enzymes
— cellulases 139
— lipases 139
— proteases 138
— serine endoproteases 138
LDH see lactate dehydrogenase
lead structure
— development 376
— optimization 376

296

197

136

140

Index

lens crystallin 460

1-tert-leucine 177

leucine dehydrogenase 420
leukotriene LTD, receptor antagonist
— Montelukas 404

Levinthal’s paradoxon 488

Lewis acid 258

LFER see linear free energy relationship
life-style drugs 191

linear free energy relationship 347f
lipase 329, 504

407

Candida antarctica lipase B (CALB) 532ff
— Candida cyclindracea lipase 583
— Candida rugosa lipase 356
— charge-relay system 267
— closed lid 460
- conformational change 266
— helical id 266
— hydrophobic trench 267
— lipase PL 407
— lipase PS 407
— nifedipine 302
— Mucor javanicus lipase 363
— Mucor miehei lipase 346, 357
— open lid 460
— oxyanion 267
— porcine pancreatic lipase (PPL) 400
— Pseudomonas cepacia lipase (PCI) 346, 397,

532
— Pseudomonas cepacia-catalyzed lipase 354
— Pseudomonas sp. lipase 368, 402, 407
liquid crystals 358
Lobucavir 397
Loracarbef® 406
Lumry—Eyring model 493, 496
lycopene cyclases 334
lyophilization 236, 348, 351, 353f
- induced inactivation 352
lyoprotectant 352, 354, 363
lysine 51
L-lysine e-aminotransferase 398
lysogenic phase 80
lysosomal cathepsins 265
lysozyme 341, 345, 503ff

M

malate dehydrogenase 295
— hydroxy acid 295

— keto-acid 295

— rearrangement 296
— substrate pocket 296
MALDI

— laser pulse 444
— sublimation 444
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Index

— velocity 444
MALDI-TOF-MS

— laser pulse 257

— matrix 257

— TOF analyzer 257
1-malic acid 182
mandelate pathway 475
mandelate racemase (MR)

— proton abstraction 480
— push—pull mechanism

292, 462, 476, 478
electrophilic catalysis 480
matchup of pK and pK,'s 481

292

— two-base mechanism 480

mass spectrometry 257

— non-volatile biopolymer
— detector 444

— direction focusing 441
— electrical discharge 441

257

— electron impact ion 441

— fragmentation 444
— ionization source 444
— magnetic field 441
— mass analyzer 444

mass transfer coefficient (k) 220

mass transfer limitation 107, 116, 364

MDH see malate dehydrogenase

medium effect 522

medium engineering 366f

medium preparation 210
melting point 313, 459
melting temperature 490
membrane filter 112
membrane reactor 357
1-(—)-menthol 580
meso-anhydrides

— opening of 530

metabolic engineering 579, 589

— acetoin 451

— acetolactate synthase 451

— auxotrophic mutant 50
— fine chemical 449

— flux rate 50

— gene therapy 449

— glucose transporter gene
— group control coefficient
— knock-out animal 450

— mating 50

— metabolic flux analysis

— metabolic pathway 449
— penicillin 50

— recombination 50

— sensor 450

— tracer 450

metabolic regulation 50

449
450

450

metabolite
— microbial 49
— secondary 49
metalloproteases 262
(S)-methoxyisopropylamine 196
(S)-metolachlor 196
Michaelis—Menten equation 216, 541
— Bodenstein approximation 95
- integrated 96f, 99
— no inhibition 97
— product inhibitor 99
— substrate inhibitor 99
— rate law 94
— steady-state concept 95
Michaelis—Menten kinetics 22, 347, 516,
522f, 525
microbial ecology
— nutrients 47
microbial processes
— amylase 49
— penicillin acylase 49
— protease 49
microchip 416
microemulsions
— effective pH values in water pool 358
— enzyme mechanism 358
— enzyme structure 358
— partitioning effects358
microfiltration 112, 214, 556
microorganism
— archaea 44
— eubacteria 44
— humaninsulin 46
— interferon 46
— microbial diversity 58
— microbial physiology 58
misfolding disease 496
MLG see muconate-lactonizing enzyme
mobile phase 233
(S)-MOIPA see (S)-methoxyisopropylamine
molecular biology
— expression 62
— post-translational modification 62
— recombinant proteins 62
molecular memory 344
molecular phylogenetics 471
molecular phylogeny 58
monobactam 380
Monod equation 216
Monod model 216
monophasic solvent 346
moonlighting proteins 466, 469
MR see mandelate racemase
MR bacterial pathway



— mandelate pathway 475

MS see mass spectrometry

muconate-lactonizing enzyme (MLE)
478

Mucor miehei 357

multiple alignment

— ClustalW 425

— domain 425

— pattern identification 425

462,

N

N-(5'-phosphoriboxyl) anthranilate
isomerase 476

NAAR see N-acylamino acid racemase

NAC see near-attack conformers

N-acetylamino acid racemase 460

N-acetylneuraminic acid (NANA)

N-acylamino acid racemase 174

NANA see N-acetylneuraminic acid

nanofiltration 112, 529f

naphthalene dioxygenase 579

— dioxygenation 302

— naphthalene cis-1,2-dihydrodiol

— Rieske ferredoxin 302

natural selection 310

NDO see naphthalene dioxygenase

near-attack conformers 29

nested PCR

— inner pair 71

— nested amplification 71

— outer primer pair 71

neutron diffraction study

— diffraction pattern 264

— hydrogen atom 264

— tetrahedral intermediate 264

nicotinamide 162, 355

nifedipine 367

nitrilase 163, 395

nitrile hydratase 345, 355, 393

— acrylamide 160

acrylonitrile 160

— adiponitrile 162

— 3-cyanopyridine 162

— 5-cyanovaleramide 162

— nicotinamide 162

nitrogen source 213

2-nitrotoluene-2,3-dioxygenase

— 2-nitrotoluene 302

— naphthalene cis-1,2-dihydrodiol 302

non-steroidal, anti-flammatory drug 577

NSAID see non-steroidal, anti-flammatory drug

nutraceuticals 191

554

302

Index

(0]

observed deactivation rate constant
(kd,obs) 493

off-line methods

— extinction coefficient

fluorimetry 247

— gas chromatography 246

— HPLC 246

— mass balance 246

— range of linearity 247

on-line methods

— extinction coefficient

— fluorimetry 247

— mass balance 246

— polarimetry 246

— range of linearity 247

— UV-VIS spectrophotometry 246

open reading frame

— expression 58

operational half-life 561

operational stability 496, 547

— determination of 121

— bound molecule 120

organic chemistry 14

organometallic catalyst

origin of species 471

ortholog 461

OSBS see o-succinylbenzoate synthase

osmolyte 508

o-succinylbenzoate synthase (OSBS)

overexpression 177

oximolysis 344

oxygen transferate 219

oxygen uptake rate 218

— see also specific respiration rate

247

247

186, 561

460, 470

oxygenases

— dioxygenases 300

— enantioselectivity 300

— monooxygenases 300
— cytochrome P450 300

oxynitrilase 167, 345

— see also hydroxy nitrile lyase

[

packed-bed reactor 540
2D-PAGE

— Coomassie Blue 438
— silver 438

— SYPRO ruby red 438
palindrome

— blunt ends 78

— cohesive ends 78
papain 265, 505
paralog 461
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Index

partition coefficient (K;) 230, 342, 349
partitioning 557

pathway engineering 586
Pauling’s postulate 25, 516

PCR 320

— see polymerase chain reaction
PDB see protein data bank

pectin methylesterase 504

pen G acylase (PGA) 197, 345, 406
— see also penicillin G amidase
penicillin 50, 197

— acylase 49

— biosynthetic pathway 381
penicillin G 197, 380

penicillin G acylase 197

penicillin G amidase 197

— see also penicillin acylase

peptide synthesis

— equilibrium controlled enzymatic 363
— inice 360

— in water 360

— kinetically controlled 359
performance 374

peroxidase 144, 147
Pfeiffer’s rule 171, 379
PGA 197

— see penicillin G amidase

phage display

— panning 87

pharmaceutical performance

— bioavailability 374

— inhibition of target enzyme 374
— stability of 374

phase ratio 342
phenylacetylcarbinol 200

phenylalanine dehydrogenase (PheDH) 399

t-phosphinothricin 196
phospholipase D 357
phosphoribosylanthranilate isomerase 481
phosphotransferase system 451
phosphotriesterase 477
phylogenetic tree
— 16 S RNA 428
— ancestor 428
— cladogenesis 429
— homology 428
— molecular clock 428
— orthologous 428
— paralogous 428
— similarity 428
phytase 470
— animal feed 152, 156
— amino acid digestibility 156
— calcium digestibility 156

— reduction of P in environment 154

phytate 152

phytoene desaturase 334

pig-liver esterase 505

plasmid 78

PLD see phospholipase D

PLP see pyridoxal phosphate

point mutation 316

— beneficial mutation 314

— deleterious mutation 314

polyamino acid 526

polymerase chain reaction 67

— amplification 67

— annealing 69

— cycle timer 70

— GC content 69

— primer 67

— primer-dimer 69

— primer extension 69

— template DNA 70

— thermostable polymerase 67

polyphenol oxidase 346

porcine pancreatic lipase (PPL)

pore diffusion 114

— effective diffusion coefficient 114

— see also internal mass transfer

posttranslational modification 80

PRALI see phosphoribosylanthranilate
isomerase

precipitation

— ammonium sulfate precipitation 226

fractionated precipitation 226

— organic solvents 228

— salt precipitation 226

precursor fermentation 7

preferential hydration 237

Presidential Green Challenge Award 588

344f

Presidential Green Chemistry Challenge 577

probe

— chemoluminescent 76

— hybridization temperature 76

— Klenow enzyme 76

- non-radioactively labeled 76

— PCR product 76

— radioactively labeled 76

— Xeray film 77

product inhibition 113, 200, 515, 524, 531,
556, 590

productivity 362

— fixed-bed reactor 547

proficiency 28, 36

1,3-propanediol 586

protease 49

— aspartyl protease 293



— detergent enzyme 293

— metalloprotease 293
protein 3D structure 311
protein aggregation 496f
protein assay

— bicinchoninic acid (BCA) method 253
— Bradford 253

— Coomassie Brilliant Blue 253
— fluorescer 253

hydrophobic interaction 253
— Lowry assay 253

— sensitivity limitation 253
protein concentration level 212
protein data bank 418

— 3D image 419

— data processing 418

— protein characterization 418
— structure 418

— validation 418

protein engineering 310, 458, 588
— crystallization 282

— domain swapping 283

— homogeneity 282

- NMR 282

— point mutation 283

— specificity 283

— stability 283

protein explorer

— 3D molecular structure 419
- RASMOL 419

— secondary structure 419

— sequence-to-structure mapping 419
protein family 464

— fold 464

— superfamily 464

— suprafamily 464

protein folding

— Anfinsen dogma 489

— folding intermediate 489

— Levinthal’s paradoxon 488
— native protein 489

protein isolation 210

protein maximum temperature
— convergence temperature 490
protein microarray

— antibody 447

— binding peptide 447
protein purification 210f
protein quantification 253
protein relatedness

— analog 462

— homolog 462

— ortholog 462

— paralog 462

Index

protein release constant k 226
protein thermostability

— conformational entropy 507

— hydrophobic interaction 507

— paired charge 507

protein yield 211

proteinogenic amino acid 312
proteomics

— 2D-PAGE 437

— clinical study 436

— diagnosis 436

— drug discovery process 436

— mass analysis 437

— phenotype 436

— protein database 437

— protein-complex identification 437
— proteome 437

— target identification 435
Pseudomonas aeruginosa

— lipase 329

ptsG 451

pulmonary emphysema 385
purification factor 211, 238
purification table 212, 237f
purified enzyme 7

pyridoxal phosphate 275

— alanine racemase 277

— aldol cleavage 275
— racemization 275
— transamination 275
pyruvate decarboxylase

Q

quantification of DNA

— agarose polymer gel 66

— electrophoretic mobility 66
quantification of RNA

— agarose polymer gel 66

— electrophoretic mobility 66
QuikChange kit

— Dpnl 287

— methylation 287

— Pfu DNA polymerase 287
— Stratagene 287

194, 200, 470

R

RACE (rapid amplification of cDNA ends)

- cDNA 71

— expressed sequence tags (ESTs) 71

— reverse transcriptase 71

racemic resolution 533

RACHITT see random chimeragenesis on
transient templates
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Index

random chimeragenesis on transient
templates 322
random mutagenesis 315, 481
random nucleotide change 312
rate acceleration 36, 522
rate-determining step
— kinetic expression 244
— steady state principle 244
rational design 310
reaction kinetics 94
— ideal kinetics 94
— initial rate kinetics 92
— non-linear regression model 92
reaction network
— glucose transporter gene 449
— group control coefficient 450
— knock-out animal 450
— metabolic flux analysis 450
— sensor 450
— tracer 450
reactor design
— axial dispersion 107
— characteristic dimensionless number
107f
— biot number 108
— Bodenstein number 108
— Dambkohler number 108
— characteristic timescales 107
— equation 108
— fixed-bed reactor 108
— mass transfer
— external 107
— internal 107
reactor productivity 33, 550
recombinant overexpression 81
recombination 321
reductionism
— deduction 434
— induction 434
reductive amination 177, 400
— keto acids 177
regioselectivity
— organic solvent medium 367
regulatory mechanisms 47
Reichstein—Griissner synthesis 584
rejection coefficient (R) 232
K; —[I]5, relationship
— competitive inhibition case 103
— conditions for equating Isy and K; 105
— non-competitive inhibition case 103
— uncompetitive inhibition case 104
relative retention (0) 234
repetitive batch 531, 556f
— ultrafiltration 555

resolution (R,) 234

resting stability 119, 496

restriction map

— restriction site 78

reverse transcriptase 72, 389

— AMV-RT 72

- MMLV 72

oligo-dT primer 73

— retrovirus 72

Rh-BINAP 580

ribonuclease A 502

ribozyme 521

— see also catalytic RNA

ribulose-1,5-biphosphate carboxylase/
oxygenase 476

RNA isolation

— diethylpyrocarbonate (DEPC) 72

— Trizol 72

Rossmann fold 270

RT see reverse transcriptase

Rubisco 470

S
S-(2-aminoethyl)-1-cysteine 51
SADH see secondary alcohol dehydrogenase
salen catalyst 529, 572
salt suspensions 362
salt-induced activation 363
salting-out constant 226
saturation mutagenesis 329
saturation ratio (CSI/Ky) 101
savinase
— detergent enzyme 293
scale-up
— antibody catalyzed reaction 520
Schiff base 274
Schmidt-number 220
screening 45
— assay

— absorbance 323

- colony imaging 324

— flow cytometry 324

— fluorescence 323

- GC 323

- HPLC 323

— mass spectrometry 323

— solid phase capture 324
— exhaustive 313
— selection 315
SDS page
— dimer 254
— hexamer 254
— mass spectrometry 254
— molecular weight 254



— monomer 254
— tetramer 254
SEC see size exclusion chromatography
secondary alcohol dehydrogenase 131
selection assay 320, 324

— antibiotic 324

— auxotrophic complementation 324
— CAT folding reporter 324

— phage display 324

— selection procedure 324

— substrate-selected growth 324
selection pressure 318

selection procedure 324
semi-synthetic f-lactams 197

— semi-synthetic cephalosporin 198
— semi-synthetic penicillin 198
semi-synthetic peroxidase
— racemic hydroperoxides
— selenocysteine 297

— Sharpless epoxidation 297
separator 223

sequence

— annotation 414

— similarity 414

sequence identity 316, 322

— pairwise 460

sequence space 311

serine proteases 261

— acetamido group 262

— carbonyl oxygen 262

— catalytic triad 262

— chymotrypsin 262

— elastase 262

— O-phosphoserine 263

— subtilisins 262

— trypsin 262

Setschenow equation 228
sexual recombination 314
Sharpless dihydroxylation 530
B-sheet 313
Sherwood number

297

220

Shine—Dalgarno sequence 82
Shiny Cotton surfaces 140
short-chain dehydrogenase 186

- conformational change 271
— Drosophila alcohol dehydrogenase 271
— (R) enantiomer 271
shuttle vectors 80
simple medium 213
single cell selection
— confocal nanospectroscopic scanning 57
— fluorescence enzyme bead assay system 57
site-directed mutagenesis 138, 140, 179,
310, 325, 481, 523

Index | 609

size exclusion chromatography 256

— crosslinking of matrix 256

— gel bead 256

— molecular sieving effect 256

— relative capacity factor 257

small-subunit ribosomal RNA (ssu RNA)

solid suspension

— enzymatic kinetic resolution 365

— kinetically-controlled beta-lactam
synthesis 365

solid-to-solid synthesis

solvent polarity 348

Southern blot

capillary force 74

crosslinking 74

hybridization technique 74

nitrocellulose 74

- nylon membrane 74

space—time yield 200, 330, 355, 362, 396,
530, 554, 556f, 559, 581

speciation 467

specific activity 238

specific gas exchange area 219

specific growth rate 215

specific power input (P/V) 221

specific production formation rate 217

specific respiration rate 218

— see also oxygen uptake rate

staggered extension process

standard model 471

statins

— atorvastatin 394

— cerevastatin 394

— fluvastatin 393

— lovastatin 393

— mevastatin 393

— pravastatin 393

stationary phase 214, 233

StEP see staggered extension process

sterilization 214

Stokes law 223

stone-washed denims

strain development

— lactobacillus 48

Strecker synthesis

stripping off 345

strong pore diffusion 115

structure-based drug design

— paradigm of 376

substrate desolvation 348

substrate inhibition 113, 200

substrate partitioning 366

substrate solubility 348

substrate specificity 331, 366, 574

471

363

321

140, 143

174
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Index

— dominance
— suprafamily 465
substrate/catalyst ratio (CSI/CCI) 563, 574
subtilisin 138, 325, 344f, 348, 352f, 362f, 366,
397, 462, 470
— alkaline stability 293
cassette mutagenesis 293
— detergent enzyme 293
— hydrogen peroxide 293
- laundry 293
succinyl-AAPF-p-nitroanilide
— chemical modification 303
— methanethiosulfonate 303
supercritical solvent 356
superfamily 464
suprafamily 464
SwissProt
— cross-reference section 420
— SRS link 420
synthetic enzyme mimics
synzymes 523
— see also enzyme models
systems approach 434
— artificial intelligence 435
— pathway analysis 435
— pattern recognition 435

525

T
tandem enzyme organometallic catalysts
tangential filtration 552

TAT see 1-tyrosine aminotransferase
temperature 53

532

— maximum stability (T;) 492
tetrahydrolipstatin 407
TFMK

— slow-binding inhibitor 386

— see also trifluoromethyl ketone
theoretical plate

— number of (n) 233

thermal stability 53

thermodynamic cycle 251, 348
thermodynamics of proteins 491

— cold denaturation temperature (T;)
— maximum stability temperature (Tj)
— melting temperature (T,,) 492
thermolysin 188, 345, 349, 357, 363f
thermostability 328

— active-site mutation 289

— metal binding constant 289
— release constant 289

— thermal inactivation constant
thermozyme 54

thiamine pyrophosphate

— ketol moiety 277

492
492

289

— thiazole ring 277
— transketolase 277
Thiele modulus 542, 547
— generalized 115
thiol-disulfide interchange 502
thiotransesterification 344
three-state model 493
threonine deaminase 181
thrombin 469
TIM barrel enzyme 462
TIM barrel protein 458
TIM see triose phosphate isomerase
time constant
— enzymatic conversion 364
— enzyme deactivation 364
— substrate dissolution 364
TOD see toluene dioxygenase
toluene dioxygenase (TOD)
— glucose 165
- indigo 165
toluene monooxygenase 398
total turnover number (TTN)
554, 557, 563f, 574, 581
totally chlorine-free process
touch-down PCR 70
transaldolase 474
transaminase 183, 196
transamination 181, 332, 469
transcriptome 436
transesterification 344, 346ff, 350f, 356, 362,
366, 588
transfection
- DNA 81
— precipitation 81
— protoplast 81
transfer hydrogenation 530
transformation
— competent 81
— electroporation 81
transition state 348, 525
— analog 390, 515, 523
binding affinity 251
carboxypeptidase A 252
— endothermic reaction 251
— exothermic reaction 251
— inhibition constant 252
— inhibitor design 251
— thermolysin 252
— complementarity 512
— stabilization 23, 348, 514
— theory 24
transketolase 579
translation
— Shine—Dalgarno sequence 82

163, 398, 589

179, 197, 529,

145



translational machinery

— amino acid sequence 64

— code 64

— codon 64

— degeneration 64

— open reading frame (ORF) 64

— recombinant expression 63

— ribosome 63

— translation 63

transmembrane flux 231

transmembrane pressure (AP)

transphosphatidylation 357

tree of life 472

trembl 420

trifluoromethyl ketone 385

triose phosphate isomerase (TIM)
476, 502, 586

— enediol intermediate 292

trypsin 353, 359, 505

tryptophanase 506

turnover frequency 31, 197

turnover number (TON) 34, 520, 525, 561,
563, 571, 574

two-state model 491

tyrosine aminotransferase

232, 552

292, 460,

181, 332

(V)

ultrafiltration 112, 231, 530, 557
universal phylogenetic tree 471
— taxon 44

— variation 44

urease 345, 477, 505

v

van Deemter equation 234

vanadium chloroperoxidases

— activated peroxide 260

— Curvularia inequalis 260

— peroxo complex of vanadium 261

— trigonal bipyramidal coordination of
V' 260

vector

— ampicillin resistance 78

— hybrid tac promoter 84

— lacZ' gene 78

- pBR322 78

— pET vector 85

— plasmid instability 84

Index

— multiple cloning site 65

— origin of replication 65

— promoter 65, 85

vicinal-oxygen chelates (VOC)

— dioxygenase 464

— glyoxalase 464

vitamin C 583

— see also ascorbic acid

volume-based oxygen mass transfer coeffi-
cient 219

volumetric activity 30

volumetric productivity 194, 404, 530, 557

w
water activity 346, 353
water-immiscible solvent 340

Weisz—Prater modulus 117
whole genome analysis

— divergence 427

— gene duplication 427

— lateral gene transfer 427
wood

— cellulose 146

— hemicellulose 147

- lignin 147

X

xemilofibran 406

X-ray crystallography 521, 523

xylose isomerase 187, 240, 460, 462, 476

— catalytic efficiency 291

— site-directed mutagenesis 291

— Thermoanaerobacterium thermosul-
furigens 291

— Thermotoga neapolitana 291

Y

yeast alcohol dehydrogenase (Y-ADH)
yield coefficient

— biomass on O, 218

— cells on substrate (Yys) 217

— product on substrate (Yps) 217
yield of native protein (yy) 499f

460

z
Z-aspartame synthesis 357
zinc—hydroxyl (ZnOH") species, basicity 259
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