
A
Accurel EP 82, 103
Acetaldehyde 10, 30, 31, 89, 92
Acetate kinase 125
N-acetyl-l-tyrosine ethyl ester 64
Acrylic acid 142–144, 206, 240–244,

249–254, 264, 334, 342, 503, 522
Acryloxysuccinimide 248, 353, 527
Acrylonitrile 63, 238, 255–257, 286, 436,

437, 504, 521
Activation
– carbonyldiimidazole 272
– chloroformate 272
– cyanogen bromide 253
– epoxidation 269
– imidation 286
– interfacial 69, 73
– mesylation 269
– tosylation 269
– water-soluble carbodiimide 274
– Woodward reagent 274
Action pattern 94
Active site 27, 78, 95, 190, 197, 200–212,

219, 229, 277, 420
– accessibility of 462, 524
– amino acid residues near 199, 478
– availability of 12
– blockage of 462
– enlargement of 478
– entrance to 97
– essential amino acid residues 

close to 210, 467, 473
– geometry of, 69, 92, 97
– involvement of 188, 248
– modification of 28, 29, 288, 462, 488
– number of 34
– occupation of 113, 468
– presence of substrate in 482 
– protection of the active centre 277
– size of 69–77
– titration of 9, 64, 68, 195

Activator 75, 91, 111, 112, 114, 202, 254,
274, 454

Activity
– additive-dependent 75, 328
– apparent 62
– binding density-controlled 80, 81, 210,

211
– binding nature-controlled 78
– carrier nature-dependent 74
– carrier-bound active group-controlled

196
– carrier-bound inert group-controlled 200
– carrier-dependent 137
– conformation-controlled 27, 68, 327
– conformational flexibility-controlled 213
– diffusion-controlled 67, 68, 211, 212, 326
– enzyme nature-dependent 75
– enzyme orientation-controlled 210
– expression of 60, 175, 181, 182
– hydrolytic 66, 68
– hydrophilicity-dependent 75
– loading-controlled activity 70, 72, 213, 325
– matrix-dependent 342
– medium-dependent 72
– microenvironment-dependent 72
– molecular orientation-controlled 28
– native 68
– orientation-determined 77, 78
– pore-size-dependent 81, 93, 194
– protection of 482
– reactive amino acid residue-controlled

211
– reactor-dependent 81
– retention of 177
– spacer-controlled 205
– specific 57, 62, 67, 82, 136, 171, 213
– substrate-controlled 69
– substrate-dependent 69
– synthetic 66, 68, 75, 82, 269
– volume 34, 62, 80, 171
– water-activity-dependent 82

551

Subject Index



Acyl amide 142, 200, 238–241, 248, 249,
257–259, 272–283, 321, 353, 409

Acyl azide 6,12, 265, 277, 291
– conversion of amide to 283
– conversion of carboxylic acid to 273
– polymeric 186, 237
Acyl donor 32, 90
Acylase 9, 128
Additive
– as conformation inducer 19
– enhancement of carrier’s coverage by 56
– in immobilization medium 26, 36
– modulation of enzyme activity by 72, 75,

137, 361
– modulation of enzyme selectivity 95–99
– modulation of enzyme stability 91
Adsorbent
– affinity 78, 86
– backbone of 119
– bio-affinity 113
– biospecific 134
– hydrophobic 21, 108
– immobilized metal 119
– ionic 5
– non-specific 99
– polysaccharide-based 78
– selective 1
– specific 99
Adsorption 5–9, 90, 116–119
– affinity 54
– behaviour 75, 81
– binding type of 97-145
– bio-specific 54, 113
– capacity 65, 80
– classification of 54
– conventional 97
– covalent 144
– direct 66
– hydrophobic 72, 108
– ionic 5, 78, 100
– mediated 124
– non-covalent 55–97, 188, 231
– non-specific physical 54, 99
– of enzyme on carriers 34
– physical 5, 6, 21, 75
– specific 6, 21, 72
– type of 65
– unconventional 120
Adsorption–deposition 56
Aerosol 279
Affinity
– bio-specific 90
– dye-based 90, 117, 118
– group-specific 113

– metal 116, 119–121
Agarose
– aldehyde 219, 284, 290–292, 517
– butyl 75
– cyanogen bromide-activated 23, 210
– epoxy-activated 23
– glutaraldehyde-activated 28, 218
– glyoxal 30
– octyl 93–97
– oxidized 287
– thiolsulfinated 28, 218
– p-toluenesulphonyl chloride-activated

269
– tosylated 33
Aldehyde 12, 285, 292
– conversion to amino group 292
– conversion to carboxyl group 292
– conversion to diazonium salt 293
Aldehyde dextran 208
Aldehyde oxidase 82
Alginate 33
Alkaline phosphatase 84
Alkylation 192, 217, 477, 481
Alkylsulphatase 30, 94
Alumina 5, 124
Amberlite 6, 28, 40, 101
Amberlite CG-50 65, 101, 278
Amberlite DP-1 67, 108
Amberlite IRA 900 130, 498
Amberlite IRA-904 101
Amberlite IRA 938 71, 272
Amberlite IRC 50 101, 137
Amberlite XAD 4 22, 82, 129, 130, 498
Amberlite XAD-7 82 
Amberlite XE-97 5
Amidation 192
Amidohydrolase 134, 351
Amino acid
– as ligand 122
– chiral 21 
– essential 210, 289
– N-terminal 190
Amino acid ester 21, 29
Amino acid oxidase 7
Amino acid residues
– active 169–192
– buried 193
– charged 100
– covalent modification of 77
– essential 77
– exposed 192
– for covalent binding 190
– hydrophilic 192, 193
– hydrophobic 192, 193

552 Subject Index



– reactive 190, 191
– reactivity of 191
Amino acylase 7, 20, 21, 53, 66, 78, 128,

144, 223
6-Aminopenicillanic acid 14, 22
Amoxicillin 244
Ampicillin 244
AMP deaminase 5
Amylase
– α-amylase 5, 8, 9, 20, 30, 64, 80
– Taka-amylase 225
Amyloglucosidse
Aspergillus niger 71, 84
Analogue 
– of a covalently bound immobilized

enzyme 323
– substrate 98, 113, 332
– transition state 19
Anhydride, polymeric 186, 238–240
Antibiotic
– enzymatic synthesis of semi-synthetic

antibiotics 170
– kinetically controlled synthesis of 31, 32,

232–234
– nucleus of semi-synthetic b-lactam 22
– semi-synthetic b-lactam antibiotics 64,

241, 488
– synthesis of semi-synthetic b-lactam 4,

14, 19
Antibody 113, 465
– carrier-bound 462
– immobilized 116
– monoclonal antibody 114, 115
Aphron 421
Aquaphilicity
– activity influenced by 35, 75
– definition of 76, 77
– enzyme binding influenced by 143
– introduction of 15, 16
– selectivity influenced by 228–235
Arm
– PEG 352
– polypeptide 352
Artificial cell 398
Arylation 186, 192
Aspartase 110
Assembly, layer-by-layer 405, 429
Attachment
– adsorptive covalent 142
– carrier-bound multipoint 214–217
– complementary multipoint 214
– covalent 5, 14, 68, 270, 333
– multipoint 169, 170, 214, 218, 219, 

224, 232, 278

– number of 233
– “over-dosed” multipoint 189, 196–200,

211, 218
– single-point 218, 222, 232
Azalactone 15, 23, 237, 252

B
Backbone 61, 98, 187, 197
– hydrophobic 199
– nature of 66
– of carrier 183
Barrier
– membrane-like physical 397
– physical 319
Bead
– agarose 369
– calcium alginate gel 131
– chitosan 206
– DEAE-cellulose 64
– phenyl-sepharose 84
– polyacrylamide 86
– synthetic polymeric 364
– titania 362
Bentonite, enzyme adsorbed on 86, 131,

142
Benzaldehyde 80
– p-Benzoquinone 197, 256, 265, 271, 282
Binding
– affinity 9
– chemistry of 7, 23
– coordination 9, 256
– covalent 7, 169 f
– mode of 9, 12, 26, 28, 169, 192
– non-covalent 63, 318
– non-specific 54
– position of 25, 26
Binding chemistry 170, 233
Binding density 59–63, 73, 74, 80, 215, 216
Binding functionality
– active 176, 186, 235
– concentration of 73, 176
– density of 63, 64
– enzyme activity affected by 71, 78
– enzyme orientation affected by 77
– enzyme selectivity affected by 94
– enzyme stability affected by 82, 91
– nature of 65, 78
– specific 55
Binding mode 
– definition of 189
– enzyme stability affected by 145, 217
– heterogeneity of 191
– multipoint 260
– number of binding 230

553Subject Index



– orientation 230
Binding sites
– non-specific 54
– number of 63
– specific 81
Bioaffinity
– antibody-antigen based 113
– group-specific 113
Biocatalyst 1
Biodegradability 236
Biogel CM-100 274
Bio-immobilization 171, 188
Bio-separation 188, 236
Biosensor 322
Blocking agent 222, 223, 227
Bond
– nature of 55
– number of 169
Bovine serum albumin 190, 275, 285
Bromoperoxidase 110

C
Capsule
– liposome based 416
– macroporous 402
– microporous 402
– pre-designed 405, 429
N-Carbamyl-D-amino acid amido hydrolase

137
Carbodiimide, water-soluble 274, 275
Carbonic anhydrase, bovine 123 128, 326
Carbonyldiimidazole 272
Carrier
– aminoalkylated 289
– aminolated 186, 279, 291
– beaded 322
– benzoquinone-activated aminolated 282
– cellulose-based 264
– chemical nature of 65
– chlorotriazine-activated 280
– cyanogen bromide-activated 198, 199,

207
– epoxy synthetic 197
– glycophase-coated 187
– hydrophilic 68, 76
– hydrophobic 68, 84, 232, 324
– inorganic 85
– internal structure of 63
– macroporous 243, 254, 321
– mesoporous 243
– non-porous 180, 211, 212
– non-specific 98
– PEI-coated 136
– polyacrylic acid ester 251

– polyamide 284
– polysaccharide-based 232
– polyvinylalcohol-based 89
– porous 180
– predesigned 184, 235
– prefabricated 364
– ready-made 184, 200, 227, 236, 250, 333
– silanized 187
Casein 124
Catalase 118
CD-spectrum 57
Celite 66, 74, 82
Celite Hyflo-supercel 68, 76
Cephalosporin acetylesterase 86
Cetyl trimethylammonium bromide 94
Charcoal 53
– granule, activated 436
Chelating support 476
Chelating ligand 119
Chelation 90
China clay 134
Chitopearl 137
Chlorofomate 272
Chloroperoxidase 30
Cholesterol oxidase 325
Choline oxidase 131
Chromatography
– affinity 188
– immobilized metal affinity 116
α-Chymotrypsin 60, 64, 78, 85, 124, 142
Cibacron blue 90, 116
Cluster
– hydrophilic 222
– hydrophobic 123, 196, 198, 203, 210
CM-cellulose 204, 277
Conformation selector 327
Coacervation 423
– interfacial 424
– phase inversion 423
Coating 184, 402
– combination with encapsulation 402
– enzymatically gelified 456
– enzyme immobilization by 450–458
– enzyme-polymer complex 456
– ligand-mediated 455
– monolayer 451
– multiple layer 452
– non-covalent 123
– phase-inversion 451
– sol–gel supported 371, 457
Confinement 330
– imprinting by 484
– molecular 225
– stabilization by 486

554 Subject Index



Configuration, reactor 171, 180
Combi-methods 14, 334
Complexation 400
– interfacial 400
Composite, 237
Compressibility, adiabatic 421
Condensation 409
– interfacial 409
Conformation
– denatured 60
– freezing of 170
– open 70
Conformation change 221
Conjugate, enzyme-polymer 240
Coordination 54
Co-polymerisation 244, 352
Core decomposition 405
Criteria for robust immobilized enzyme 3
Cross-linking
– by light 336, 339
– chemical 429
– glutaraldehyde aided 85
– interfacial 400
– stabilization by 490, 493
Cross-linker, bifunctional 190, 269, 277
Cryogel 344
Crystal, cross-linked enzyme 18, 97, 135
Crystalline enzyme 7
Crown ether 95, 332
Cut-off 403
Cutinase 60, 103
Cyanogen bromide 7, 263
Cyanuric chloride
– activation of amino group by 258
– activation of hydroxyl group by 258, 270
Cyclohexane 398
Cystamine 356
Cytochrome C 105

D
Deactivation, protein 363
DEAE-cellulose 90, 205
DEAE-Sephadex 90
Dehydration 510
Dehydration history 26
Density of the binding functionality 111,

171
Denaturation
– heat-induced 123
– pH-induced 123
– reversible 123
Deposition 371, 399
– alternating 452
– interfacial 400

Dextran
– aldehyde 190
– amino 190
– oxdized 288
Dextransucrase 57
Diaion CR 20, 279
Diazotization 192, 288
Diazonium salt 5,196, 199, 248,265–268
Di-cross-linker 504
Dicyclohexylcarbodiimide 291
3,5-difluoronitrobenzene 86
Diffusion constraints 57, 178, 326, 364,

406
Diffusion, inter-particle 65
Diffusion limitation 176, 213, 320, 331
Diisopropylflupro phosphate 64
Bis-dimethyladipimidate 86
Dioxane 240
Disperant 257
Distribution
– amino acid residues in enzyme 192
– of enzyme in carrier 60
Divinylsulphone 270
Duolite resin
– Duolite 568 82
– Duolite 761 66, 68, 82
– Duolite A-147 213
– Duolite A7 89
– Duolite S-30 248
– Duolite S562 82
– Duolite XAD 761 66, 82
Dowex 1X4 101
Drug delivery 363, 403, 416

E
Effect
– chemical modification 26
– confinement 329
– crowding 329
– hydration 329
– interfacial activation 73
– microenvironment 27, 73, 80
– molecular orientation 77
– multipoint attachment 211
– negative partitioning 204
– of binding functionality 78
– positive partitioning 26, 204
– shielding 131
– tentacle 136
Effector 19
Electrode 7, 322, 374
Emulsion, double 423–429
Enantioselectivity
– conformation-controlled 230, 331–333

555Subject Index



– diffusion-controlled 230
Encagement 377, 434–436
Encapsulation 397, 434
– conventional 399
– definition of 397
– interfacial 400
– non-conventional 401, 430
– post-loading 429
Enzyme
– carrier-bound 6ff, 77, 510 ff
– cell-free 16
– covalently bound 36, 113
– coverage 71
– cross-linked 7, 18, 181
– crystalline 7
– glycosylated 190, 290
– hard 57
– insoluble 1
– lipid coated 369
– plastic 10
– pre-immobilized 181
– soft 57
– sol–gel entrapped 333
– sphere granule 351
– supported so–gel entrapped 376
– whole cell associated 401
Enzacryl AH 283
Enzyme aggregate 181, 485
– cross-linked 17
Enzyme conformation 184
– destabilized 59
– native 59
– selective 232
Enzyme crystal 8, 181, 485
Enzyme deformation 85–87
Enzyme distribution 60
Enzyme envelope 7 
Enzyme immobilization, site-specific 193
Enzyme loading 71, 242
– minimum 56
– relationship with diffusion limitation 71
Enzyme orientation 170
Engineering
– carrier 183
– genetic 23
– medium 92, 93
– of microenvironment 25
– process 91
– substrate 91
Entrapment 317
– classic 334
– concomitant 334
– conventional 334
– covalent 351

– definition 319
– diffusion 362
– diffusion-controlled 363
– impregnation 364
– in situ 376
– of cross-linked enzyme 371
– of polymer–enzyme covalent conjugates

368
– of polymer–enzyme non-covalent complex

371
– post-loading 362
– selective protein partition 363
– supported 371, 372
Entrapment method 319
Environment 225
– compatible 231
– hydrophilic 225
Epichlorohydrin 254
Epoxide hydrolase 110
Erythrocyte haemolysate 398
ESR spectroscopy 69, 189
Eupergit C 63, 85, 175, 186, 195, 210, 290
Eupergit C 250 L 175, 195

F
Fiber 369
– cellulose 263
– hollow 290, 405
– non-woven 372
Filament 436
Film 369
– hydrophobic polymer 369
– silicon rubber 64
– supported enzyme 371
Flexibility, conformational 189, 205, 206,

216–218, 226, 333
Foam, polyurethane 371
Fractogel 128
Fructose-1,6-bisphosphatase 30
Function
– catalytic 1–3, 320, 333
– non-catalytic 1–3, 320, 333
Functionality
– active 169, 170, 183, 248
– aldehyde 275, 288
– amino 264
– built-in intrinsic 237
– hydroxyl 253
– inert 170, 236, 324
– non-active 170, 183
– oxirane (epoxy) 265, 288
– pendant 172, 183
– photo-crosslinkable terminal 369
– polycarbonate 245–247

556 Subject Index



G
β-Galactosidase 68, 217
Endo-d-galacturonase 206
Gel
– Ca alginate 365
– CM-agarose 81
– cold-set 344
– glycidyl methylacrylate-derived 

dextran 363
– hybrid 343
– hydrophobic 323
– polyacrylamide 329
– synthetic 321
Gelation
– by action of temperature 344
– by solvent removal 351
– chemical 320
– interfacial 400, 403
– physical 320, 372
Geometry
– of carrier 182
– of the active centre 94–97
– pore 171
Glass
– controlled pore 178
– cyanogen bromide activated 281
– dextran-coated porous 262
– glycophase porous 75
– hydrophobic controlled pore 81
– plate 372
– polyethyleneimine-coated non-porous

86, 137
– polymethylglutamate (PMG)-coated 124
Glucoamylase 30, 86
Glucose isomerase 64, 81, 83
Glucose oxidase 225, 249, 259, 267, 275,

280, 284, 319
β-Glucosidase 67, 207, 208
Glutamate dehydrogenase 83
Glutaraldehyde
– as activating agent for inert carrier 277
– as cross-linker 7
Glycerol carbonate 200
Glycoenzyme 235, 284
Glycosylation 114
Graft copolymer 284
Grafting 184, 236
Granule 438
Group
– aldehyde 249, 290
– amino 277
– carboxyl 281
– carrier-bound active 183–185
– carrier-bound inert 183–187

– epoxy 186, 241–244
– inert pendant 203
– isocyanate 199
– orientation 330

H
Hemoglobin 78
Heterogeneity of binding nature 192
Heteropolymer 250
1,6-Hexanediamine 398
Homopolymer 247, 377
Horse liver alcohol dehydrogenase 69, 93
Horseradish peroxidase 57, 85
Host 376
Hydration 405
Hydrogel 80, 259
– degradable 259 
Hydrolysis
– mandelic acid methyl ester 95
– of penicillin G 134
– of sec-alkyl sulphates 94
Hydrophilicity 7, 20, 65, 75
– enzyme activity influenced by 75, 76
– enzyme loading influenced by 65
– of the carrier 7, 324, 325
– tailor-made 12
Hydrophilization 
– of the carrier 233
– of the enzyme 34, 227
Hydrophobicity 238, 326
Hydrophobic core 192
Hydroxyl group
– separate 268
– vicinal 190

I
Imidoester 282
Imprinting 19, 332
Immobilization
– adsorption-based 53–145
– biospecific 75, 80
– double 128–145, 330
– heterogeneous 193
– of enzyme, covalent 169
– of enzyme in organic medium 170
– pseudo-affinity 113
– pseudo-covalent 123
– reversible denaturation 123
– site-specific 113, 193
Immobilized enzyme
– carrier-bound 173
– industrial 244
– plastic 352
– ready-made 227

557Subject Index



– robust 3
– spacer-mediated 233
Impregnation 333
Indion 48-R 278
Indion 850 74
Interaction
– biospecific 78
– charge-charge 73, 87
– cooperative 91
– hydrophobic 83
– incompatible 204
– multivalent 91
– non-specific 80
– polymer-metal oxide 346
– polymer–polymer 346
– polymer–salt 346
– specific non-covalent 90
– synergetic interaction 67
Interconversion 202
– of active carrier 288–293
– of inert carrier 260–287
Invertase 5
Ionic strength 72
Irradiation 336
Isocyanate 283
– polymeric 186
Isoelectric point 57
Isothiourea 279
Isourea 279

L
Laccase 205, 405
β-Lactamase 199 
Lactase 113, 114, 124, 345, 372
Lactose 370
Langmuir film 76
Layer
– dense 364
– partition 178
Layer-by-layer 15, 405
Leakage 86, 103, 121 f
Leaving group 201, 224, 247
Lewait 258, 278
Ligand
– biospecific 137
– metal chelating ligand 119
Linkage, guanidine 281
Lipase 204
– Bacillus stearothermophilus 227, 228
– Candida antaractica B 30, 70, 94, 326
– Candida rugosa 30, 70, 73, 89, 92, 95,

200, 202, 319, 326, 328, 466, 480, 485
– Chromobacterium viscosum 366
– Mucor miehei 30, 74, 81, 228

– Nigellaa sativa seed 72
– porcine pancreas 76
– Pseudomonas cepacia 31, 365
– Pseudomonas fluorescens 68, 93, 206, 230,

332, 365
– Rhizopus niveus 66, 74, 76, 82
– Rhizopus oryzae 68, 92
– Staphylococcus carnosus 226
Lipid
– complex 26
– lipid-coated enzyme 368, 408
– pairs 14
Liposome
– capsules based on 416
– enzyme immobilized on 124–128
– polymeric 416
Loading 211–213
Luciferase 76, 127
Lysozyme 79,118

M
2-Mannosidase 30
Mass transfer 194
Matrix
– bovine serum albumin 365
– charged 240
– film-like polymer 371
– hydrophobic 324
– hydrophobic sol-gel 326
– peo 328
– predesigned 405
– pva 326, 331
– ready-made gel 365
– rigid sol-gel 327
– soft polymeric 328
– sol-gel 325, 329
– synthetic gel 330
Mediator 128
Medium aqueous 11
Medium enzyme immobilization in 

organic 11, 477
Membrane
– hollow fiber 136
– hollow sphere 182
– PAN 287 
– ready-made hollow sphere 429
– semi-permeable 401
– spherical 397, 409, 412
Mesylate 269
Method
– benzoquinone 12, 271
– carbodiimide 274
– combined 20
– divinylsulphone 270

558 Subject Index



– generic 21
– glutaraldehyde 276
– hybrid 134
– s-triazine 270, 277
– Ugi 287
Micelle
– encapsulation of enzyme 16, 404
– polymeric 416
– preparation 416
Microbead 136, 137
Microemulsion
– encapsulation of enzyme in 412
– oil-in-water 421
Microdevice 405
Microenvironment 
– favourable 228
– hydrophilic 21, 227
– non-compatible 189
– of the carrier 8–10, 63, 64, 73, 187,

199–201, 211, 260
– of the enzyme 29, 55, 183
– of the medium 331
Microencapsulation 398
Microcapsule
– magnetic 281
– non-swellable 405
– polyelectrolyte-coated 432
– soft 405
– swellable 405
Microsphere 
– affinity 98
– hydrogel 320
– liquid hollow 412
– monosized 208
– plain 207
– polyacrolein microspheres 250
– polystyrene 7, 76
– polyvinylalcohol 272
– soft hollow microsphere 19
Milk xanthine oxidase 68
Mitochondria 325
Mobility
– conformational 233
– molecular 189, 224, 228, 343
– of immobilized enzyme molecule 175
Modification
– chemical 184
– controlled 202, 228
– no chemical 53
– of protein surface 128
– post-immobilization 184, 227, 506–522
– pre-immobilization 430, 490–493
Modifier 129
– chemical 223

– physical 223
Monomer 200
– hydrophilic 200
– hydrophobic 239
Monolayer
– coverage 57
– hydrophobic 344
– macromolecular 338
– occupation 174
– organic silane 377
Montmorillonite 78
Morphology 194
Moving front theory 60
Multilayer 70, 136

N
Nanocapsules 421
Nylon
– fiber 469
– hydrolyzed 86, 134, 138, 278, 284
– modified 212
Nitrophenol 251
p-Nitrophenyl ester 251
1,2-Naphthoquionone 282

O
Occupation
– active centre 113
– carrier’s surface 173, 519
– monolayer 173
Organic phase 399
Organophosphorus hydrolase 79
Orientation
– mismatched 189
– random 458
– site-specific 91, 113, 458
Osmolyte 223
Oxidase
– amino acid 204
– glucose 75, 90, 131, 180, 227, 259, 

330
– glycolate 330
– lactate 330
Oxirane ring 12, 203, 242, 289
Oxygen 78
Ovalbumin 425

P
Papain 105, 173
Particle size 64, 65, 81
Payload 34, 173, 247
Pectin 342
Pectin esterase 103
Pectinase 85

559Subject Index



PEG 131, 227
PEGylation 499, 528
Penicillin G acylase 4, 7, 9, 14, 20, 26, 31,

74, 79, 105, 112, 114, 124, 127, 135, 143,
144, 172–176, 179, 194–197, 200–205, 211,
213, 221, 232–235, 240–245, 248, 254–257,
371

Penicillin V acylase 131, 132, 227
Penetration of enzyme molecules in the

carrier 67–70, 179, 180
Peptide formation 192
Permeability, substrate 402
Phase inversion 401
Phosgene 279
Phospholipid, polymerizable 416
Polarization phenomena 328
Polyacid 346
Polyacrylamide 254, 255
Polyacylazide 185
Polyaldehyde 185, 249–251
Polyaminostyrene 278
Polyanhydride 185
Polyaphrons 421
Polyazlactone 185
Polybase 346
Polycarbonate 185, 245–247
Polycarboxylic acid phenyl ester 185
Polyepoxide 185
Polyelectrolyte, non-biodegradable 429
Polyethyleneimine 364
Polyethylene terephthalate 84
Polyisocyanate 5, 185
Polyisothiocyanate 7
Polymer
– natural 376, 520
– semi-synthetic 346
– synthetic 376, 520
Polynitrile 257
Polyphenolic polymer 249
Polysaccharide
– cyanogen bromide activated 264, 288
– linear 258
– natural 342
– oxidized 186
– semi-synthetic 258
Polystyrene 85
Polyurethane
– foam 372
– porous 141
– prepolymer 336
– sheet 141
Polyvinylalcohol 257, 261, 319
Pore
– closed 321

– dead-ended pore 173
– open 321
– permanent 321
– wall pore 430
Pore diameter 179, 201
Pore distribution 171, 175–178
Pore radius 171
Pore size 61–63, 81, 173, 174
– distribution 177
– mean 81
– minimum 178
Pore volume 171–177, 201
Porosity 177, 194, 328, 333
Polymerisation
– dispersion 246
– interfacial 400, 401
– precipitation 236, 255
– suspension 200, 240, 255
Post-synthesis 74, 247
Post-treatment 245, 368, 506–522
Pre-carrier 253–268
Precursor
– gel 344
– gel-forming 320
Pregel 334
Pre-immobilization 430, 490–493
Prepolymer 325, 336
– cross-linking of 336
Pressure drop 180
Pricon brown 116
Pricon green 116
Pricon red 116
Pricon yellow 116
Principle
– monolayer 56, 87
– stability 56
Product map 31, 32, 234
Productivity 1, 22
Prostaglandin synthetase 105
Protease 30, 31, 85, 131
Protein drug 1
Pseudo-immobilization 171
Porogen 257
Pseudo-affinity
Pullulan 274

Q
QAE-Sephadex 101
Quenching agent 227, 243, 520

R
Reaction medium 2, 172
Reaction system 19, 22, 181
Reaction type 172

560 Subject Index



Reactor
– column 2
– membrane 359
– monolithic 252, 253
– plug-flow 2
– shallow-packed bed 81
– sieve-plate 16, 323
– stir-tank 2
– stirred batch 81
Reactor configuration 2, 180, 183
Recyclability 3
Regioselectivity 29, 92, 230
Rehydration 511, 514
Release, controlled 320
Resin 
– anion-exchange 68 
– epoxy-amine 338
– phenol-formaldehyde 248
– polyethyleneimine-coated 97
Resin plate 364
Reversibility
– of adsorption 113
– of binding 11, 114, 471
Rigidification
– by crosslinking 34, 490
– by multipoint attachment 26, 72
– lower activity caused by 18, 210–215,

232, 458
– stabilized by 343, 352
Rigidity
– carrier 125, 362
– enzyme conformation 211, 345

S
Scaffold 
– enzyme 15, 34
– insoluble carrier 9, 34, 235
– ligand 115, 470
Schiff base formation 192, 217–219, 235,

250, 268
SDS 422
Sebacoyl chloride 398
Selectivity
– additive-controlled 95
– aquaphilicity-controlled 233
– binding functionality-controlled 94
– carrier nature-dependent 333
– carrier-bound active group-controlled 228
– carrier-bound inert group-controlled 230
– conformation-controlled 92, 97, 233
– definition of 29
– diffusion-controlled 93, 233
– functional group 230
– medium-controlled 95

– microenvironment-dependent 331
– orientation-controlled 95
– reaction 92, 230, 235
– spacer-controlled 232, 233
– substrate 92, 230
– water activity-dependent 332
Sepabead 95, 186, 377
Sephadex 59, 67, 86, 95
Sephadex G-25 67
Sepharose 
– cyanogen bromide-activated 69, 71
– n-hexyl-substituted 83, 84
– n-octylamine-substituted 68, 83, 90
– octyl 69, 93, 124, 128
– palmityl-substituted 83, 123
– phenyl 84
Shape
– irregular 182
– regular 182
Shrinking core theory 60
Size
– pore 179
– protein globule 179
Silica
– aldehyde 234
– aminopropyl 234
– colloidal 174
– controlled pore 19, 266
– macroporous 74
– mesoporous 73
– octyl 70
– polyethyleneimine-coated 66, 86
– silanized 79
– TiCl4-activated 271
– tosylated 269
Softanol 30, 422
Sol–gel
– classification of sol-gel precursor 360
– conventional process 355
– hydrophobic 358
– precursor 361
Solvent
– organic
– pore-generating 177
Spacer
– activity influenced by 205, 206
– albumin 208
– amino dextran 208
– definition of 188–190
– hydrophilic 189, 225, 227, 231
– hydrophilic macromolecular 225
– hydrophobic 189, 210, 221
– length of 170, 208
– role of 66

561Subject Index



Spheron 206, 300
Spherosil 66, 81
Spherosil XOA 200 68
Stability
– additive-dependent 91
– binding density-controlled 91
– carrier nature-controlled 86
– carrier-bound active group-controlled

217
– carrier-bound inert group-controlled

221
– confinement-controlled 85, 225, 329
– conformation-controlled 83
– cross-linking-dependent 85
– diffusion-controlled 85
– enzyme loading-dependent 85, 87
– enzyme orientation-dependent 91
– enzyme structure-dependent 331
– enzyme-dependent 91, 330
– matrix-nature-dependent 329
– mechanical 364, 377
– medium-controlled 87
– microenvironment-controlled 89, 277
– operational 377
– temperature-dependent 87
Strategy
– adsorption–crosslinking 136
– adsorption–deposition 56
– double immobilization 215
– immobilization–stabilisation 215
– post-immobilization 214
– pre-immobilization stabilization 20
– stabilization–immobilization 17, 490
Structure
– hyper-activated 97
– open 97
– sandwich 436
Stereoselectivity 92, 230
Steric hindrance 69, 188, 196, 205–210,

224, 264, 481
Subtilisin 30, 58
Subtilisin BPN’ 91
Subtilisin Carlsberg 196, 291
Subtilisin Novo 291
Sugar 223, 327, 356, 423
Sulphurtransferase 118
Support
– chitosan-based 135
– polyacrylamide-based 225
– polystyrene-based 225
– silica-based 513
Surface
– accessible 174, 179
– available 61

– external 172–174, 195
– hydrophobic 228
– internal 172–174
– outer surface 195
– solid 58
– specific 194, 201, 244
Surface area 61, 171, 174
Surface occupation 176
Surface overage 57
Surface utility 175
Surfactant 336, 415
– anionic 415
– cationic 415
– non-ionic 415
Swelling factor 239, 247, 258
Symplex 349–351
Synperonic A 20, 422
Synthesis
– asymmetric 29
– solid-to-solid 181

T
Tag
– chemically introduced 117, 503
– genetically engineered 16, 117, 473
Technique
– activation 185
– derivatization 228
– entrapment technique 319
– grafting 243
– interconversion 185, 202, 270
– modification-immobilization 9
– post-immobilization 222
– template-leaching 327
– water-soluble carbodiimide 275
Template
– activator 359
– as conformer selector 31, 481–486
– for microcapsule 405
– pore generating 325, 328, 357
Thermostability
– cross-linking dependent 21
– matrix-dependent 329
Thermolysin 206
Thiolphosgene 279, 280
Toluene 238, 249
Tortuosity 63, 123, 171, 194
Tosylation 15, 230, 268, 271
Toyonite 28, 82
Transglutaminase 134, 336, 456
Tresyl chloride 220, 369
Triazine 220, 265, 280
Trisacyl gel 272
Triton X-100 19

562 Subject Index



α-Trypsin 56, 57, 65, 72–77, 123, 173–178,
183

Tween 80 96
Tyrosinase 83

U
Uigi reaction 192, 284, 287
Ultrasonication 515
Urease 104, 118
Urokinase 30

V
Vesicle 416
Void of the matrix 368
Volume activity 34, 61, 67, 74, 78, 171, 323

W
Water activity 3, 82
Water content 241
Water partition 27
Water regain capacity 3
Water retention capacity 216
Wofatit Y 56, 515
Woodward reagent K 7, 202, 274

X
Xanthine oxidase 112
Xerogel 285
Xylene diamine 249, 438, 522
D-Xylose isomerase 110

Y
Yeast alcohol dehydrogenase 84, 87, 129,

320, 336, 498
Yeast cell 324, 325, 366
Yeast hexokinase 474
Yeast microsome 345
Yeast mitochondrial alcohol 519
Yeast RNA 283
Yield, space-time 22

Z
Zero cross-linking 277
Zeolite
– FSM-16 105, 133, 226
– hydrophobic type Y 104, 105
– MCM-41 85, 104, 376 
– MCM-48 105
– NaY 102

563Subject Index






























