Contents

PartI Introduction to Enzyme Engineering

1 Imtroduction......... ... ... .. . ... 3
1.1  Brief History of Enzyme Engineering . .. ................... 3
1.1.1  BriefHistory. . .......... oo 3

1.1.2 Enzyme Technology and Engineering . .............. 6

1.1.3  Classification of Enzymes . ....................... 7

1.2 Industrial Application of Enzymes. ........................ 9
References. .. ... 12

2 Biosynthesisof Enzymes................. ... ... ... ... ...... 13
2.1 Basic Enzyme Chemistry........... .. .. .. .. ..., 13
21,1 AminoAcids. . ... 13

2.1.2 Nonstandard Amino Acids . . ............ ... ... .... 16

2,13 Proteins.........c.iiiiii 17

2.2 Biosynthesisof Enzymes............. ... ... ... ... ..... 18
2.2.1  Biosynthesis Mechanisms . ....................... 18

2.2.2  Mathematical Modeling. .. ....................... 20
References. . ... 21

3 Productionof Enzymes. ............... ... ... ... . ... .. .. ..., 23
3.1  Sources and Screening of Enzymes........................ 23
3.1.1  Sourcesof Enzymes.............. ... .. ... ... 23

3.1.2  Screening of Enzymes ........................... 25

3.2  Productionof Enzymes ............. ... .. .. .. ... 27
3.2.1  Media for Enzyme Production..................... 27

3.2.2  Fermentation Process.............. ... .. ... .... 28

3.2.3  Separation and Purification of Enzymes ............. 29
References. . ... 33

vii



viii Contents

Part I Enzyme Reaction Engineering

4 Enzyme Reaction Kinetics . .................................. 37
4.1  Michaelis—Menten Kinetics . ... .......................... 37
4.1.1  Kinetics . ... 37
4.1.2 Physical Meaning. .. ........... .. ... ... 38
4.1.3 Parameter Estimation............................ 39
4.2 Other Enzyme Kinetics . .......... .. ..., 40
4.2.1 Inhibition Kinetics ... ................ ... ........ 40
422 OtherKinetics .............c. i, 43
423 pHOptimum of Enzymes. . ....................... 46
References. . ... 48
5 Regeneration of Cofactors ................. ... ... ......... 49
5.1  Regeneration of Reduced Nicotinamide Cofactors ............ 49
5.1.1  EnzymaticMethod............. ... ... ... ... .... 49
5.1.2  Electrochemical Method ......................... 53
5.1.3  Application to Industrial Processes . ................ 53
5.2 Regeneration of Oxidized Nicotinamide Cofactors............ 55
5.2.1 EnzymaticMethod............. .. .. ... ... .. ... 55
5.2.2  Electrochemical Method ......................... 56
5.2.3  Photochemical Method. . ......................... 57
References. . ... ... 58
6 Immobilized Enzyme ......... ... ... .. ... ... .. .. ... ... 59
6.1  Methods of Enzyme Immobilization . . ..................... 59
6.1.1 Immobilization Methods ......................... 59
6.1.2 RecentAdvances ...................ciiiii. 61
6.2  Characteristics of Enzyme Immobilization .. ................ 62
6.2.1 Mass Transfer Issues ............................ 63
6.3  Reactor System and Engineering Consideration . ............. 66
6.3.1 Reactor Types. ... ... ..ot 66
6.3.2  Engineering Considerations. . ..................... 68
References. . ... 72
7  Enzymes in Non-conventional Media .......................... 75
7.1  Enzymes in Non-conventional Media . ..................... 75
7.1.1  Enzymes in Organic Solvents ..................... 75
7.1.2  The Role of Solvent Properties .................... 77

7.1.3  The Role of Water Molecules on Enzyme Activity
and Stability . . ... ... 78
7.1.4  Other Non-conventional Media .. .................. 79
7.2 Stability in Organic Solvent. . ......... .. .. .. ... ..., 81
7.2.1  Molecular Understanding. . ....................... 82

References. . ... ..o e 83



Contents ix

Part III Molecular Understanding of Enzymes

8 Engineering Tools for Enzymes . .............................. 87
8.1  Random Mutagenesis. ..............oeuiriinininennen... 88
8.1.1  Random Mutagenesis for Genes ................... 89

8.1.2  Molecular Breedingof DNA . ..................... 91

8.2 Rational and Computational Design ....................... 94
8.2.1 Rational Design .......... ... ... ... ... .. ... ... 94

8.2.2  Computational Design .. ............ ... ... ...... 96

8.2.3 DeNovoEnzymeDesign......................... 97

References. . ... ..o 99

9 Enzyme Catalysis .......... ... . ... . 101
9.1  Mechanism of Enzyme Activity. ........... ... ... ... ..... 101
9.1.1  Chemical Mechanisms. .......................... 101

9.1.2  Transition State Theory ........ ... ... ... ... ..... 102

9.2 Enzyme Dynamics and Flexibility......................... 107
9.2.1  EnzymeDynamicS............. ..., 107

References. . ... ..o 109

10 Specificity of Enzymes. . . ............ ... .. ... . . 111
10.1  Substrate Specificity. . .. ..ot 111
10.1.1 Understanding of Substrate Specificity .............. 111

10.1.2 Engineering Substrate Specificity .................. 112

10.2  Enantioselectivity of Enzymes. .. ............. ... ... ..... 117
10.2.1 Measurement of Enantioselectivity . ................ 117

10.2.2 KineticResolution . . ............. ... .. ... .. ... 118

10.2.3 Dynamic Kinetic Resolution . ..................... 118

10.2.4 Deracemization and Stereoinversion .. .............. 119

10.2.5 Desymmetrization .. ...........c.c.euienenenan... 120

10.2.6  Asymmetric Synthesis . ........... ... .. ... .. .... 120

References. . ... ..o 124

11 Thermodynamics and Stability . .............................. 127
11.1 Enzyme Stability .. ........ .. ... i 127
11.1.1 Understanding of Enzyme Stability................. 127

11.1.2 Measurement of Stability......................... 130

11.2  Stabilization of Enzyme. .. ......... ... .. .. .. ... ... 134
11.2.1 Enzyme Stabilization............................ 134

11.2.2  Applications to Enzyme Pharmaceuticals ............ 136

References. . ... ..o 139

Part IV Applications of Enzymes

12 Enzymes for Chemicals and Polymers ......................... 143
12.1 Chemicals. . ... ..ot 143



13

14

15

Contents

12.1.1 Semisynthetic Penicillins and Cephalosporins. . . ... ... 143
12.1.2 BulkChemicals ............ .. ... ... .. ... 146
12.1.3 Enzymes for Metabolic Engineering . . .............. 149
122 POLYMETS. .« .ottt 150
12.2.1 Synthesis of Phenolic Polymers.................... 151
12.2.2 Synthesis of Polyester ............ ... ... .. .. .... 158
1223 MOre Cases. .« v v ove e e 160
References. . ... ..o 161
Enzymes for Food and Energy. . .............................. 163
13.1 Enzymes for Food Industry ........... ... .. ... ... ..... 163
13.1.1 DairyProducts ........... .. ... i 163
13.1.2 Bread Making. ......... .. ..., 165
13.1.3 StarchProcessing...............c.coiiiiiiiia... 166
13.1.4  Application to Textile Industry .................... 169
13.1.5 Brewing . ...t 170
13.1.6  Enzymes for Other Food Applications. .............. 171
13.2 Enzymes for Bioenergy . ........... .. ... ... 171
13.2.1 Bioethanol from Starch .......................... 171
13.2.2 Bioethanol from Lignocellulose. . . ................. 172
13.2.3  Application to Pulp and Paper Industry.............. 175
1324 Biodiesel. .. ... 176
13.2.5 Enzymes for Other Bioenergy ..................... 177
References. . ... ..o 178
Enzymes for Biosensors . ........... ... .. ... ... .. . ... ... ... 181
14.1 Enzymatic Measurements . ...............cuoeueunenennn.n 181
14.2  Applications of Enzyme Biosensor . ....................... 184
References. . ... ..o 186
Enzymes for Environment . .. ........ ... .. .. ... ... ... 189
15.1 Enzymatic Removal of Pollutants . ........................ 189
15.1.1 Aromatic Pollutants . ............. ... .. ... ...... 190
15.1.2 NitrogenRemoval ............ ... .. ... ... ..... 193
15.2  Carbon Dioxide Conversion. . ... ...........c.cuuuienenan.. 195
15.2.1 Carbon Dioxide to Formic Acid. ................... 195
15.2.2 Carbon Dioxide for Carbonate. . ................... 198
References. . ... ..o 202



2 Springer
http://www.springer.com/978-94-024-1024-2

Fundamentals of Enzyme Engineering

Yoo, ¥.).: Feng, Y. Kim, ¥.-H.; Yagonia, C.

2017, X 209 p, 95 illus., 11 illus. in color.,, Hardcowver
ISBEN: 278-24-024-1024-2



	Contents



