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a
absorption coeffi cient 719
acceptor 611f., 614
acetic acid test 760
acetoacetyl-CoA reductase (PhaB) 882, 887, 

890
acetyl CoA synthase (ACS) 671
acid/base catalyst 64
active site (see also catalytic site) 2, 8, 11, 

30, 32ff., 52ff., 60, 67f., 799f.
– labeling 584
– medium effects 70
acylase Escherichia coli penicillin G 33f., 

687
acyl carrier protein (ACP) 800, 802
acyltransferase (AT) 780, 800f., 804
adenosinetriphosphate (ATP) 783f., 834, 

838
adrenaline 689f.
adrenaline test 690
Affi bodies (see also phage display) 568
affi nity 633
– determination 625
– labeling 577
– maturation 170f., 633f.
– titration 638
Agrobacterium radiobacter epoxide 

hydrolase 32f.
alkaline phosphatase 61f.
alcohol dehydrogenase (ADH) 671ff., 680, 

685
– horse liver 673
aldolase 672, 685, 785f.
allophycocyanin (APC) 722
allosteric regulation 363f., 573
α-helix 377
alternative scaffold 567
Alzheimer’s disease 134f.
amidase (see also acylase, lactamase) 681

amino acid alphabet 411f., 431
amphiphilic block copolymer 919, 921
amplifi cation 243f., 477
Amplex Red 6, 735
aniline release 681f.
anisotropy, fl uorescence 163, 724
ankyrin 571
ankyrin repeat 225f.
antibiotic resistance gene 556
antibiotic resistance marker 580
antibiotics 503, 817
antibody 153f., 165ff., 563ff., 568f., 690, 

722f., 725, 732
– affi nity maturation 171f.
– instructive hypothesis 165
– clonal selection theory 166
– maturation 166
antibody engineering
– affi nity 566
– alternative scaffold 566
– application 566
– specifi city 566
– fragment 563ff.
– library 565
anticalin 570
antigen 167ff., 633
antigen binder 565
APIZYM 693f.
aptamer 690
arabinose 540
arginine 835
aromatic alcohols 677ff.
artemisinin 853f.
aspartate transcarbamoylase (ATCase) 461
aspartic acid 835f.
Aspergillus niger epoxide hydrolase 34, 422
association rate 640
atomic force microscopy (AFM) 904, 944
ATP-binding motif (grasp) 836
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breathing motion (see also protein 
dynamics) 365

Brownian oscillation 159
bulk detection method 723
Burkholderia gladioli esterase 37,39, 758

c
calmodulin (CaM) 157
cancer 133
Candida antartica lipase B (CALB) 32f., 64, 

766,
Candida rugosa lipase (CRL) 20ff., 26
carbohydrate 347
carbonic anhydrase 63
carboxypeptidase 247
carotenoid 851, 853, 860
– biosynthesis 852
– desaturase 866
Carr-Purcell-Meiboom-Gill (CPMG) 195
catalyst concentration
– controlling 545, 547
– reducing 545
catalytic activity 574
catalytic dyad 63f.
catalytic effi ciency 3
catalytic elution 578f.
catalytic group 36
catalytic profi ciency 54
catalytic promiscuity 47ff., 347, 767, 

863
catalytic triad 63f.
cat-ELISA 691
cell adhesion peptide 944f.
cell-based assay 613
– dynamic range 613
– sensitivity 613
– validation 613
cell display 652
cellular quality control system 130f.
cellulase 683
cetyl trimethyl ammonium bromide 

(CTAB) 301
chain length control 807
channel pore 198
chaperone 123ff., 130, 135f., 523, 532
charged coupled device (CCD) 729, 

745
chemical complementation 607, 654
chemical inducer of dimerization 

(CID) 314
chemosensor 688
chevron plot 110ff.
chimera, protein 128, 481f., 488ff.
chimeragenesis 485, 490, 493ff., 498

autocatalytic induction 539
autofl uorescence 721
autohydrolysis 760
autoinducing peptide (AIP) 400f.
automation 727
auxotroph 757
avalanche photo diode (APD) 729

b
BAC (bacterial artifi cial chromosome) 237
B cell 166f.
B-factor iterative test (B-FIT) 425ff., 430f.
Bacillus subtilis
– esterase 39, 425, 764f.
– lipase A 441ff.
– lipase A x-ray structure 444, 448
bacterial artifi cial chromosome (BAC) 237, 

299
Baeyer-Villiger monooxygenase 

(BVMO) 425, 680
(βα)8-barrel 213, 215ff., 226
– engineering experiments 218ff.
– features 217
– function 218
– stability 218
– structure 217
β-carbon processing 805
β-galactosidase 129, 657
β-hairpin 372
β-ketosynthase (KS) 800f., 804
β-lactamase (BLA) 222, 247, 466f., 485, 573
β-sheet 941ff.
β-strand
– duplication 373
– switching 373
binary response 539
binding affi nity 904ff.
binding domain 286
binding measurement 637
binding protein 567f., 570f.
binding site 36, 173, 567f., 570
biocompatibility 945f.
biodiversity 254, 296
bioengineering 939ff.
biomaterials 939ff., 952f.
biosensor 221, 282, 688
biosynthesis 791, 866
biosynthetic pathway 849
block co-polypeptide (see block copolymer)
block copolymer 918ff.
Boltzmann distribution 87, 150
bovine pancreatic ribonuclease A 189
bovine pancreatic trypsin inhibitor 

(BPTI) 459
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chitinase 246f.
chloramphenicol acetyltransferase 

(CAT) 129
chloroperoxidase (CPO) 25
chorismate mutase 545ff., 549
Chromobacterium viscosum lipase (CVL) 

25
chromogenic substrate 678ff., 685ff, 687, 

761f
chromophore 160, 164f., 682, 685, 760
chymotrypsin 63, 93, 674, 676
circular permutation (CP) 381, 453ff., 496, 

767
– artifi cial circular permutation 459ff.
– improvement of protein function 465
– mechanism 455, 457ff.
– natural circular permutations 454f.
– protein stability 465
cleavage site 934
CLERY (Combinatorial Library Enhanced by 

Recombination in Yeast) 260
clonal assay 715f.
clonal expansion 167
clone characterization 624
clone identifi cation 637
cloning vector 304f.
cocktail fi ngerprinting (see enzyme 

fi ngerprinting)
codon degeneracy 411f., 422, 425, 431
codon usage 311f.
coenzyme A (CoA) 778
cofactor 55, 72, 334, 579, 671, 777ff.
– engineering 790ff.
– specifi city 777ff., 782ff.
coherent anti-stokes Raman scattering 

(CARS) 747
coiled-coil structure 368
cold shock protein 573
colony-forming unit (CFU) 355
combinatorial active-site saturation test 

(CAST) 418ff., 422ff., 430f.
combinatorial biosynthesis 791, 863
combinatorial library selection 632
compartmentalized self-replication 

(CSR) 789
complementarity determining region 

(CDR) 153, 565
computational design (see protein design)
computer modeling 25ff.
concanavalin A (Con A) 454ff.
concatemer 922, 925ff., 931ff.
concatemerization 922ff.
confocal detection method 723
confocal fl uorimetry 723f., 728, 742

conformational exchange 196
– heterogeneity 149
– selection 148
– switches 367, 369, 371f.
control loop 858
conundrum engineering 383
cooperative protein folding 100, 102
cosmid 299, 303
coulombic interaction 572
coupled enzyme assay 5f.
– peroxidase 673
– hydrolase 674
– luciferase 676
crambin 366
cryptic gene 348
CsCl equilibrium gradient 583
curve-fi tting 103ff., 110, 115
cyanobacteria 834
cyanophycin-derived biopolymer 843
cyanophycin 829ff.
– granule peptide (CGP) 829f.
cyanophycin synthetase 829ff.
– biotechnical application 843
– enzyme engineering 838
– heterologous gene expression 831
– reaction mechanism 831ff.
– substrate specifi city / analogs 832
cyanophycinase 843
cyclase ↕ sesquiterpene 853
– terpene 853, 865
cyclic peptide 397
cyclic peptide library 398
cyclization 391ff.
cyclohexadienyl dehydrogenase 

(CDH) 551ff.
cyclophilin A cis/trans isomerase 

(CypA) 195f.
cyclotide 397, 400, 402
cytochrome 486f.
cytochrome P450 486f., 507, 785, 855
cytotoxicity 543

d
de-excitation 719
dead end elimination (DEE)
dehydratase (DH) 800, 802, 805
dehydrogenase 15, 18, 672
deletion 457f., 501
denaturant 93ff., 100, 104
denaturation experiments 102, 106
density functional theory (DFT) 204
1-deoxy-D-xylose-5-phosphate reducto-

isomerase (DXR) 857
1-deoxy-D-xylulose-5-phosphate (DXP) 856
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6-deoxyerythronolide B synthase 
(DEBS) 797, 799, 802ff., 807

designed ankyrin repeat proteins 
(DARPINS) 570f.

detector 729
diabody 564
differential scanning calorimetry 

(DSC) 98f.
dihydrofolate reductase (DHFR) 9, 129f., 

154, 188f., 201, 395, 459f., 517, 523, 607
dihydroxyacetone phosphate (DHAP) 

222
dimethylallyldiphosphate (DMAPP) 850, 

857
dimethylsulfoxide (DMSO)
directed evolution 254ff., 409ff., 441, 

444ff., 455, 457, 465, 474, 537ff., 543, 548, 
552, 554, 556, 608, 610ff., 622ff., 643, 649, 
753ff., 767, 779, 781, 817, 865

displacement 20
display technique 757
dissociated module engineering 808
dissociation rate 639
disulfi de bond 567, 621
dithiothreitol (DTT) 281, 631
diversifi cation 850
diversity
– generation of diversity in vitro 256
– generation of diversity in vivo 259
diversity gene 166
DNA cassette 930, 934
DNA concentration 661
DNA extraction methodologies 236ff., 

248
DNA fragment cloning 242
DNA fragmentation 243
DNA isolation
– direct DNA isolation 299f.
– indirect DNA isolation 299
DNA-modifying enzyme 655
DNA polymerase 652, 655
DNA preparation 628
DNA protection protein (Dps) 331f.
DNA recombination 258
– in vivo methods 258
– in vitro recombination 259
DNA separation 242
DNA shuffl ing 262f., 409f., 412f., 431, 473, 

478, 493f., 585, 714, 781
DNA swapping 493
DNAse I 475f., 493, 504
docking domain study 808
donor 612, 614
double emulsion droplet 658

DXP (1-deoxy-d-xylulose-5-phosphate) 
856f.

– pathway 856f.
– synthase 856
dynamic stokes shift (DSS) 155, 157, 161

e
E. coli (referenced many times)
effector control 363ff.
elastin 916ff., 920ff., 926ff., 933ff.
– biosynthesis of artifi cial sequences 917
– synthetic genes 923f.
elastin-mimetic polypeptide 921, 935
electrospray ionization-mass spectrometry 

(ESI-MS) 444f.
Ellmann’s reagent 689f.
elongation assay 815
elongation factor (EF) 517, 519f.
emulsion 661
enantiomer 16f., 22ff, 40
enantioselective synthesis 16
enantioselectivity 15ff., 415f., 418, 422f., 

429f., 441, 444ff., 447, 672, 689, 698, 760, 
763, 766f.

– molecular basis 18ff.
– protein engineering 40
– qualitative predictions 23ff.
endoglycosidase 607
endonuclease (see also restriction 

endonuclease) 273f., 286, 786ff.
endoplasmic reticulum (ER) 130
endosymbiosis theory 296
energy diagram 84f., 88, 91
engineering allostery 365, 369
enolase superfamily 64ff., 68, 218f.
enoyl-CoA hydratase (PhaJ) 890
enoylreductase (ER) 800, 802, 805
enrichment 615
enthalpy 27, 151f., 170, 383
entropy 26f., 151f., 170
environmental DNA (see metagenome, 

metagenomics)
enzyme catalysis 187, 191, 336f.
enzyme assay 3ff., 670
– continuous 4ff.
– coupled 5f.
– discontinuous 4f.
enzyme degradation 538ff.
enzyme fi ngerprinting 693ff.
– substrate microarrays 697
enzyme kinetics
enzyme-linked immuno sorbent assay 

(ELISA) 691
enzyme mechanism 47ff., 52
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enzyme rate 56ff.
enzyme specifi city 343
– advantages 346
– disadvantages 346
– models 345
enzyme substrate 677f., 680, 684, 686f., 

690, 693
enzyme thermostability 414, 425ff.
epidermal growth factor (EGF) 622
epidermal growth factor receptor 

(EGFR) 622
epimerase L-Ala-D/L-Glu (see also enolase 

superfamily) 64f.
epoxide hydrolase
– Agrobacterium radiobacter 32f.
– Aspergillus niger 34, 422
equilibrium denaturation experiment 

99ff.
equilibrium dissociation constant 637
error analysis 113f.
error-prone PCR (epPCR) 256f., 409f., 412, 

416, 422, 431, 442, 445ff., 449, 585, 755, 
764, 766, 781, 860, 893

– example 257
– protocol 629
erythromycin A (see also 6-

deoxyerythronolide B synthase) 797f.
Escherichia coli (see E. coli)
esterase 252f., 753ff.
– Bacillus subtilis 39, 425, 764f.
– Burkholderia gladioli 37, 39, 758
– pig liver 673
– Pseudomonas fl uorescens 32f., 766f.
– target 768f.
– variant 764ff.
eukaryotes 297
evolutionary engineering 894
excitation 719, 743
excitation source 720
export pathways, protein 125
expressed protein ligation (EPL) 276ff., 

281, 285, 288
– application 279
– mechanism 278
– methods 277ff.
expression 612
expression host 312, 736
extein 272ff., 281, 392f.
extracellular matrix (ECM) 939

f
FamClash 484, 501
farnesyldiphosphate (FPP) 853, 859
favin 454f.

fi broin 941f., 946, 950
fi bronectin 570
fi brous protein 939
fl avin mononucleotide (FMN) 358
fl exible hinge 220
fl ow cytometry 627f., 635f., 639, 641
fl uctuation-dissipation theorem 159
fl uorescence 163, 669, 718ff.
fl uorescence-activated cell sorting 

(FACS) 251, 262, 313f., 350f., 402, 606, 
609, 611, 614, 616, 623, 625, 639, 652f., 
656, 669, 686, 715, 741, 782, 906

– protocol 633ff.
fl uorescence anisotropy (FA) 720, 724f.
fl uorescence-based assay 731, 735
– assay design 731
– fl uorophore 732
– labeling 731
fl uorescence correlation spectroscopy 

(FCS) 724, 726, 731
fl uorescence dye 611
fl uorescence in situ hybridization 

(FISH) 298
fl uorescence intensity distribution analysis 

(FIDA) 724, 726, 731, 745
fl uorescence lifetime 725
fl uorescence resonance energy transfer 

(FRET) 222, 351, 402, 617, 653, 676, 
682ff., 695, 720, 725f.

– FRET enzyme substrates 684
fl uorogenic substrate 678ff.
– precipitation 687
– separation 685f.
fl uorophore 639, 682f., 719, 721ff., 743, 

760
– lifetime 725
focused libraries 411, 414f., 417f., 425
foldability 329
foldase 123
folding 567, 573, 581
fosmid 299, 303
Frauenfelder’s energy landscape 159
free energy 83ff., 91, 151
free energy of activation 86, 88
free-induction decay (FID) 161
functional genomics 356
functional group-selective reagent 689
functional motif 64
functional pathway assembly 850

g
χ-humulene synthase 68ff.
gas chromatography (GC) 4, 669, 757
gatekeeping enzyme 864



 966  Index

gene - expression 540, 867, 859ff
– library 548f.
– shuffl ing (see DNA shuffl ing)
– switch 793
– synthesis 812f.
– therapy 793
gene splicing by overlap extension (gene 

SOEing) 811
genetic complementation 537ff.
genetic rearrangement 454f.
genetic response 130
genetic selection system (see also 

auxotroph) 358, 556
genetic trap 249
genome shuffl ing 862
genotype 715, 718
genotype-phenotype linkage 654, 718
geranyl geranyldiphosphate (GGPP) 858, 

864f.
geranyldiphosphate (GPP) 857
GFP (see green fl uorescence protein)
glutathione-S-transferase (GST) 653
glycosaminoglycan (GAG) 939
glycosidase 674f.
glycosidic bond formation 605ff.
glycosyltransferase (GT) 605f., 608f, 617
glycosynthase 605, 607
gold nanoparticle 691f.
granulocyte colony-stimulating factor 

(GCSF) 463
green fl uorescent protein (GFP) 128ff., 

137, 222, 396, 467, 502, 523, 531, 543f., 
622, 659, 721, 763

h
Hanes plot 7
hardware 727
hen egg-white lysozyme (HEL) 169
heterologous gene expression 310
heterologous host (see also protein 

expression) 241, 312, 854
hexafl uoroisopropanol (HFIP) 950f.
high-performance liquid chromatography 

(HPLC) 4, 669, 695f., 757, 818, 893
high-performance material 916
high-throughput screening 252, 261, 441f., 

493, 537, 606, 609ff., 617, 649ff., 669, 697, 
713ff., 759, 817, 861

– assay 735
– choice of fl uorophore 721
– defi nition 716
– fundamentals 650f.
– protein engineering 715f.
– well-based HTS formats 716ff.

Hill coeffi cient 539ff.
homing 272f.
homing endonuclease 788
homologous recombination 643
homology-independent recombination 

496
horseradish peroxidase (HRP) 31, 673, 

758
host 241, 312, 737
host engineering 816
hot spot 413f., 431, 446f., 756
HTS (see high-throughput screening)
HybNat 483
hybrid cloning 935
hybrid enzyme 495ff., 506
hydrogen peroxide 5f., 673f.
hydrolase (see also lipase, esterase, amidase, 

peptidase, protease) 753
– carbonic anhydrase II (CAII) 55f.
hydrolase-coupled assay 674f.
hydroxyisocaproate dehydrogenase 

(Lactobacillus sp.) 18f.
hydroxy-3-methylglutarate (HMG) 857
(R)-3-hydroxyacyl-ACP-CoA transferase 

(PhaG) 891
3-hydroxyhexanoate (3HHs) 896

i
immobilization 587
immune library 565
in vitro characterization 814
in vitro compartmentalisation (IVC) 649ff., 

654ff.
– in double emulsions 657
– experimental protocols 660
in vitro selection 528, 564, 593
in vivo characterization 816
in vivo genetic screens 653
in vivo overlap extension (IVOE) 260
in vivo selection 537ff. 758
inclusion body 123f., 460
incorporating synthetic oligonucleotides via 

gene reassembly (ISOR) 473ff.
incubation 738
indican 677f.
indigo 677f.
induced-fi t mechanism 147, 190, 197, 

345
inducer 355, 538f., 541, 548
inducible promoter system 538ff.
initial rate 6f.
initiation factor (IF) 517, 519
insertion 369, 374f., 463, 501
instrumentation 727
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intein 271ff., 391ff., 906
– applications in protein engineering 276
– evolution 272
– mini intein 272
– splicing mechanism 274f.
– structure 273f.
intein-catalyzed cyclization 400
– application 400
intermediate circular permutation 

(iCP) 457ff.
internal sequence repeat 369
intragenic suppression-type 

mutagenesis 895
intron 391
inverted membrane vesicle (IMV) 527
ionic strength 96f., 115
isopentenyldiphosphate (IPP) 850, 856, 859
isoprene synthesis 856
isoprenoid 850ff., 860
isopropyl β-D-1-thiogalactophyranoside 

(IPTG) 611
isothermal titration calorimetry (ITC) 151, 

153
incremental truncation for the creation of 

hybrid enzymes (ITCHY) 496f., 501f, 
509

iterative saturation mutagenesis (ISM) 411, 
420, 426, 430f., 756

k
kanamycin resistance marker 933
kcat 2f., 7ff., 23, 52, 344f., 428
kcat/Km 7, 9f., 16, 52, 344, 428, 554, 556
Kemp elimination 70f.
3-keto-L-gulonate 6-phosphate decarboxylase 

(KGPDC) 66
3-ketoacyl-ACP reductase (FabG) 887
3-ketoacyl-ACP synthase III (FabH) 891
3-ketoacyl-CoA thiolase (PhaA) 882ff.
ketoreductase (KR) 800, 802, 805
kinetic crystallography 203
kinetic isotope effect (KIE) 191f.
kinetic measurement 105
– buffer 108
– curve fi tting 110
– instruments 108
– mixing methods 107
– pH dependence
– relaxation measurement 105, 108
– temperature 108
kinetic resolution 16f.
Km (Michaelis-Menten constant) 2f., 7, 9, 

23, 52
kuncat (see catalytic profi ciency)

l
labeling 611, 634
lac – repressor 128
– operon 128, 540
lactamase (see β-lactamase)
lactate dehydrogenase (LDH) 672
– Bacillus stearothermophilus 15
lactonase 62f., 657
laser 728, 743
lateral gene transfer (LGT) 263
lectin 690
Leffl er α (see also protein folding) 90
leucine-rich repeat (LRR) proteins 223, 225
leucine zipper 129
Lewis acid activation 55, 60
library sorting (see also FACS) 615
ligand binding domain (LBD) 287
ligand-binding site 381
ligase 836
ligation site 279
light-emitting diode (LED) 727, 730
light-harvesting complexes (LHC) 157
light source 727f.
linear free energy relationship (LFER) 93ff.
Lineweaver-Burk plot 7, 12
lipase 16f., 24, 29, 64, 421, 428, 441ff., 698, 

753ff., 768f, 896
– Bacillus subtilis 441ff.
– Burkholderia cepacia 32f., 766,
– Candida antarctica 32f., 64, 766,
– Candida rugosa 20ff.
– Chromobacterium viscosum 25
– phospho 683
– Pseudomonas aeruginosa 32f., 410ff., 448, 

763f.
– Rhizopus oryzae 33f., 767,
lipocalin 570
liquid handling 738
liver alcohol dehydrogenase (LADH) 200f.
lock-and-key mechanism 147f., 189, 345
luciferase 350, 676

m
magnetic bead separation 635
maltose binding protein (MBP) 220, 222, 

225, 281, 466
mandelate racemase (see also enolase 

superfamily) 65f.
mass spectrometry (MS) 4, 670, 759
matrix-assisted laser desorption/ionization-

time of fl ight (MALDI-TOF) 935
maximum entropy method (MEM) 164
medium effects 70
membrane protein 336, 527
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metabolic engineering 538f., 551, 555, 792, 
849

metabolic fl ux analysis 859
metabolic network 861, 867
– integration 861
– optimization 861ff.
metabolite 490
metagenome 252f.
– defi nition 295
– preparation of metagenomic DNA 236f., 

244, 298f.
– recovering enzyme-encoding genes 303ff.
– expression library 301, 309, 357
– sequence tag (MST) 308
metagenomics 233ff., 253, 263, 297f., 357
– functional metagenomics 315
metal binding site 380
metal ion 55, 60ff., 71
metaproteome 240
methyltransferase (MT) 655, 800, 807
mevalonate pathway 856
micelle 919
Michaelis-Menten equation 2ff.
microarray 697f.
microbeads 659
microbial diversity 296
microdroplet 659
microorganism, problem of cultivation 

296
microphase separation 328
mini-intein 391
minimum inhibitory concentration 

(MIC) 466, 550
molecular dynamics (MD) 199f., 420, 423f.
molecular mechanics (MM) 28, 200, 204
molecular recognition 147f., 151ff.
– models 148
molecular weight 877, 887, 891, 895f., 898, 

902
monoamine oxidase (MAO-N) 673
monoclonal antibodies (mAbs) 566
monomer composition 897
monomer-supplying enzyme 888
– crystal structure 889
– sequence- and structure-based protein 

engineering 888f.
monooxygenase 487f., 777f.
– Baeyer-Villiger 425, 680, 778
– cytochrome P450 785, 855
Monte Carlo algorithm 28, 329
muconate laconizing enzyme (MLE) (see 

also enolase superfamily) 65, 218f.
multidomain protein 923
multiple crossover 496

multiple displacement amplifi cation 
(MDA) 243

multiple sequence alignment (MSA) 483f.
multiplex-PCR-based recombination 

(MUPREC) 755
multi-state transition 113
multisynthon 813
murein ligase 837

n
naïve library 565
near-attack conformer (NAC) 190
nucleotide exchange and excision technology 

(NEXT) 493
nicotinamide adenine dinucleotide 

(NAD(H)) 783
nicotinamide adenine dinucleotide 

phosphate (NADP(H)) 783, 887
ninhydrin 690
NMR dynamics 194ff.
NMR relaxation experiments 153ff., 160, 

195f.
nondisruptive deletion mutation 87, 89, 92, 

115
non-homologous end joining (NHEJ) 510
non-homologous random recombination 

(NRR) 496f.
non-ribosomal peptide (NRP) 34
non-ribosomal peptide synthase 

(NRPS) 807
nuclear magnetic resonance (NMR) 193f., 

202, 255, 327, 670
nuclear Overhauser effect (NOE) 82, 160, 

194
nuclear spin relaxation 193f.
nucleic acid capture 248
nycodenz gradient 238, 242

o
oligomeric state modifi cation 464
oligopeptide motif 920, 936
one-photon excitation 745
one-step reaction 53f.
open reading frame (ORF) 129, 248, 252, 

296, 356f., 522, 563
optimal pattern of tiling for combinatorial 

library design (OPTCOMB). 498f., 508
organophosphorus hydrolase (OPH) 36f.
orotidine 5′-monophosphate decarboxylase 

(OMPDC) family 66
overexpression library 351ff.
– general comments 354ff.
– generation of genomic DNA 

fragments 353
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– ligation and transformation 354
– preparation of vector DNA 353
– purifi cation of genomic DNA 351f.
oxidase vanillyl-alcohol (VAO) 39f.
oxygenase (see also monooxygenase) 777

p
P450 (see cytochrome P450)
P-loop motif 837
paraoxonase 1 (PON 1) 62ff., 657
paratope:epitope study 625
Parkinson’s disease 133
parsimonious mutagenesis 474
pathway design 850
pathway engineering (see also metabolic 

engineering) 849ff.
– engineering strategies 852
– levels of engineering 852
– production of diverse compounds 863
pentachlorophenol (PCP) 862
periplasm 125, 136f., 581
periplasmic binding protein (PBP) 214, 

220ff., 226
peroxidase 6, 673
peroxidase-coupled assays 673
peroxygenase 487f.
PHA biosynthesis 877, 890
PHA depolymerase 899
PHA metabolism 880
PHA synthase 878ff.
– directed evolution 892, 894f., 897f.
– rational design 892
– structure-based engineering 879ff.
– variants 881
phage 580, 608
– preparation / characterization 582f.
– ligand affi nity 585
– stability 592
– troubleshooting 591f.
phage display 563ff., 592, 608, 643, 651f.
– engineering allosteric regulation 573
– engineering antibodies 564f.
– engineering catalytic activity 574
– engineering protein stability 571
phagemid 580ff.
phasin 905f.
phenotype 715, 717
phenylketonuria 133
Φ-value analysis (see also protein 

folding) 81ff., 90ff, 105, 113, 115
– experimental considerations 95f.
– by equilibrium denaturation method 

99f.
– by kinetic measurement 105f.

pHluorin 763
phospholipase (see also lipase) 683
phosphotriesterase 31
photoexcitation 163
photomultiplier tube (PMT) 729
photon 719
3-photon-echo peak shift (3PEPS) 

spectroscopy 155ff., 161f., 170
– principle 156
photon-echo spectroscopy 155
photosynthetic bacteria 854
phylogenetic affi liation 244
pig liver esterase (PLE) (see also 

esterase) 673
pinacolyl methyl phosphonic acid 

(PMPA) 222
ping-pong mechanism 11f.
pInSALect 502f.
PKS/NRPS hybrid system 809
plasmid 302, 554, 612, 614, 627, 860, 928, 

933f.
plastin 927f.
point mutation 841f.
polarization 720
poly(amino acid) 829, 915
poly(ethylene glycol) (PEG) 630, 

943f.
poly(ethylene glycol) (PEG) 

precipitation 583
polyacrylamide gel electrophoresis 

(PAGE) 474
polycyclic aromatic hydrocarbons 

(PAHs) 250
polyester-related proteins 877ff.
poly-glutamic acid 829
polyhydroxyalkanoate (PHA) 877ff., 893, 

896, 899, 902
– biodegradation 877
– biosynthesis 878
– chemical structure 878
– related enzymes 878
polyketide (PK) 798, 850, 863
– analogue 803
– biosynthesis 798ff., 802ff.
– engineering 798ff.
– combinatorial libraries 806
polyketide synthase (PKS) 778, 780, 

797ff.
– engineering 810
– post-PKS modifi cation 810
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– PKS-NRPS hybrid systems 809
poly-lysine 829
polymer architecture 920
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297, 307f., 370, 442, 622, 637, 755, 925, 
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post-translational modifi cation 123, 425, 

455, 567, 713, 917
precursor supply 855
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552f.
prephenate dehydrogenase (PDH) 

551f.
primer 838
product promiscuity 67
prokaryotes 296
proline-limited refolding 109f.
promiscuity 47ff.
promiscuous enzymes 56ff.
– medium effects 70f.
promoter 541
promoter system 539, 543
protease 130, 135f., 674, 681, 683
protease profi ling (see enzyme 
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protein
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– chimera 128
– crystallography 197
protein cyclization 276, 282ff.
– cyclization methods 284
– in vitro protein cyclization 393
– in vivo cyclization 395
protein degradation 93, 547
protein design 199, 221, 261, 325f.
– degree of freedom 327
– energy function 328
– solvation 328
– switches 363ff.
protein design de novo 333ff., 366, 

917
– catalysis 336
– cofactor 334
– metal-binding site 333
– protein folding 335f.
– structure 333
protein design automation (PDA) 261
protein disulfi de isomerase (PDI) 

526
protein diversity 235
protein dynamics 147ff., 189
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– experimental studies 153ff.
– experimental techniques 158ff.
– molecular recognition 151f.

– by NMR 153ff., 194
– physical background 149ff.
– quantum tunneling 192f.
– ultrafast laser spectroscopy 154ff.
protein engineering 213, 226, 254f., 271ff., 

288, 425, 463, 481ff., 493ff., 563ff., 621ff., 
643, 777ff., 797ff.
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– basic concepts 82ff.
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protein evolution 147ff., 235, 453ff.
protein expression (see also heterologous 

host) 814
protein fl exibility 149f.
protein folding 81ff., 121ff., 137, 335, 462, 

523
– assay 126ff.
– cooperative folding 100
– funnel 83f.
– mechanism 82
– intracellular protein folding 122
– problems 81
– rate constant 110, 112ff.
protein frustration 326
protein fusion 130, 463
protein-ligand complex 152
protein misfolding 123f., 127
protein-misfolding disease 132ff., 366
protein motion 187ff.
– computational models 199
– spectral density 158
– time-correlation function 158
protein polymer 923,935
protein-protein interaction 129
protein-protein interface 330
protein purifi cation 814
protein repeat 570f.
protein scaffold 214f.
– creating a binding site 567
– diversity of alternative scaffolds 568
protein space 233ff.
protein splicing 274f., 281, 391ff.
protein stability 127, 131, 137, 462
protein structure 121ff.
protein structure prediction 326
protein superfamily 48ff., 64ff., 72
protein switch, creation 363, 466
protein unfolding 82ff.
proteolysis 124, 131
proton transfer 192
protonation state 67
pSALect 502f.
Pseudomonas 898f.
– aeruginosa lipase 32f., 410ff., 448, 763f.
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– fl uorescens esterase 32f., 766f.
protein trans-splicing (PTS) 276, 280ff.
pulsed-fi eld gel electrophoresis (PFGE) 300
pure ribosome display (PRD) 528
protein synthesis using recombinant 

elements (PURE) system 516ff.
pyrosequencing 245

q
quality assay 733, 737
quantum dots 722
quantum mechanics (QM) 28, 200, 204
quantum mechanics/molecular mechanics 
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quantum tunneling 192f.
quantum yield 719
quarternary structure 331
quencher 683
Quick E 688, 763
quorum-sensing promoter 249
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random chimeragenesis on transient 
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radiolabeling 815
random circular permutation 460f., 465
random mutagenesis 30, 256, 260f., 443, 

714, 785
rapamycin 283
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70, 187
rate constant, enzyme 105, 110, 112ff.
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765, 767, 779, 865
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reaction mechanism 72
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reader system 730
reading frame selection 501
recognition site 934
recombinant protein 564
recombination 481ff.
reconstituted system 515ff.t
recursive directional ligation 923ff.
Red/ET homology recombination 811
regulation 570, 573
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– folds 224f
– motif 936
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repetitive genes 928
replica exchange molecular dynamics 

(REMD) 199
reproducibility 540
resorufi n 6, 688, 735, 761
restriction endonuclease 461, 786ff.
restriction site 787f., 925, 932
restriction site engineering 811
reverse two-hybrid system (RTHS) 399
reversing enantioselectivity 18, 30f., 36ff.
rhodopsin 364
ribose binding protein (RBP) 222f.
ribosomal binding site (RBS) 311f., 543
ribosomal-independent synthesis 829
ribosome 520ff.
ribosome display (RD) 528
ribosome recycling factor (RRF) 517, 519
riboswitch 358
robotics 717
roll-over 108, 113
rotamer 329, 337

s
Saccharomyces cerevisiae 259, 854ff.
S-adenosylmethionine (SAM) 358
salt-bridge interaction 376
saposin 455, 457
saturation mutagenesis 234, 260f., 409, 

411, 415, 426f., 607
scaffold selection 213f.
scheduling 739
SCHEMA 481ff., 498f., 505, 507
– on lactamases 485
– on cytochrome P450 heme domain 486f.
– improved thermostability 489
SCHEMA recombination 85, 481ff.
SCRATCHY library 496f., 499, 501
– combination with SCHEMA 508f.
– defi nition 497
– forced crossover 503ff.
– protocol 499
screening (see also assay systems & 

selection) 127, 131, 135, 138, 247, 254, 
306ff., 350, 759

– activity-based 309ff.
– effi ciency 261f.
– liquid high-throughput (L-HTP) 

screening 262
– mutational 249
– PCR-based 247
– phenotypic 350
– supplementation methods 249
seamless cloning 929, 933
secondary structure transition 367, 371
secretory (Sec) pathway (see export pathway)
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semi-rational design 779, 781f.
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928ff.
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severe acute respiratory syndrome 

(SARS) 626
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sequence homology-independent protein 

recombination (SHIPREC) 497
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shotgun sequencing 245, 307
sialyltransferase (ST) 608ff., 615f
split intein-mediated circular ligation of 

peptides and proteins (SICLOPPS) 395f., 
398, 402

side-chain allostery engineering 366
signal peptide 580
signal recognition particle (SRP) 

pathway 125
signal-to-noise ratio 660f.
silk 939ff.
– drug delivery 946
– in nature 953
– mechanical properties 944
– preparation of spider silk 947
– silk-based materials 945, 953
– solubility 942f.
– synthetic silk genes 947
SIMPLEX 766
single oligonucleotide nested (SON)-PCR 

308
single-cell analyses 659
single-chain antibody variable fragment 

(scFv) 621, 643

site-directed mutagenesis (SDM) 19, 132, 
756, 780, 783, 804, 807, 838, 887, 895

site-directed recombination 487
site-saturation mutagenesis 443, 446, 

448
solid-phase peptide synthesis (SPPS) 279
solubility, protein 121ff., 137
somatic hypermutation (SHM) 167f.
sorting 121, 126f.
spectral density 158
spider 941, 944f.
split, protein 129
SsrA-tag 124, 546f.
stability (protein) 571ff., 592
– engineering 363
– measurement 641
standard error 114
statistical coupling analysis (SCA) 484
steady-state kinetic parameters 2, 8ff, 11, 

345
Staggered Extension Process (StEP) 258f., 

493
stereocenter 17
stereoselectivity 753ff.
steric effect 67
Stokes shift (see also fl uorescence) 720
stoichiometry 633
stopped-fl ow mixing measurement 107
streptavidin 652
Streptomyces coelicolor 219
structural framework 213ff., 226
– defi nition 213
– examples 215
structural genomics 131f.
structural studies 385
substrate ambiguity 343ff.
– approaches to detection 348ff.
substrate-binding domain (SBD) 902, 904, 

906
substrate-induced gene expression 

(SIGEX) 314
substrate
– engineering 790ff.
– promiscuity 51
– specifi city 347, 753ff., 777ff., 784ff., 789, 

898
o-succinylbenzoatesynthase (OSBS) 64f., 

219
Sulfolobus solfataricus 219
suicide inhibitor 577f, 651
suppressive subtractive hybridization 

(SSH) 244
supramolecular structure 915
Swain-Schaad relationship 192
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switch mechanism 384f.
synthetic oligonucleotide 473
synthon 813
syringaldazine (SGZ) 251
systematic circular permutation 460f.

t
T4 lysozyme 371ff.
tandem helix 377
tandem repeat 374, 380f., 457, 916
Taq DNA polymerase 257
target recognition domain (TRD) 455
target structure 327
tat (see twin-arginine translocation)
tautomerase superfamily, proposed 

mechanism 68
terpenes 69
terpene biosynthesis 855
terpene cyclase (see cyclase)
tetra-methyl rhodamine (TMR) 746
tetracycline 541ff., 546ff., 553ff.
tetratricopeptide repeat (TPR) 224ff.
thermal denaturation 641
thermodymanic initial guess retrival 

(TIGR) 311
thermodynamic parameter 104f., 113
thermostability 489, 507, 714, 736
Thermotoga maritima 219
thiamine pyrophosphate (TPP) 358
thin-layer chromatography (TLC) 614, 686
thioesterase (TE) 800, 802
TIM barrel (see (αβ)8-barrel)
time-resolved fl uorescence anisotropy 

155
time-resolved FRET (TR-FRET) 725, 731
time-resolved X-ray crystallography 197f.
toxin 358
transcription 310, 515, 530
transcription-inducing peptide (Tip) 136
transfer-RNA synthetase 786f.
transformation 612, 630, 651
transient absorption 163
transition state 18, 28f., 53ff., 61f, 68, 70, 

81ff., 85f., 188
transition-state analogue (TSA) 574ff.
translation 310, 515ff., 522, 530, 533
trans-splicing domain 288
transposon-aided capture method 

(TRACA) 249
transposon mutagenesis 862
transverse relaxation-optimized spectroscopy 

(TROSY) 203
trigger factor (TF) 124, 523
triosephosphate isomerase (TIM) 202

triosephosphate isomerase (TIM)-barrel 
215, 218, 337

tryptophan (analog) fl uorescence 164f.
tryptophan synthase 128
twin-arginine translocation (Tat) 

pathway 125f., 131, 136
two-color global fl uorescence correlation 

spectroscopy (2CG-FCS) 747
two-intein (TWIN) system 393f., 398
two-photon excitation (TPE) 

fl uorimetry 742ff.
two-substrate enzyme 11f.
type I synthase 893
type II PHA synthase 897f.
type IIs restriction endonuclease 929f., 

933f.

u
ultrafast laser spectroscopy (see protein 

dynamics)
ultra-high-throughput screening (uHTS) (see 

also screening & high-throughput 
screening) 716

umbrella-like inversion 19ff., 28f.
untranslated region (UTR) 312

v
vector 241, 578, 628f., 934

w
wavelength selection 729
western blot 584
whole cell mutagenesis 349
whole genome amplifi cation (WGA) 243, 

301
Wollaston prism 744

x
X-ray crystal structure 18f., 21ff., 25, 40, 

168
X-ray crystallography 198, 203, 255

y
yeast culture 632
yeast surface display 621ff.
– in protein engineering 622
– protein analysis 624
– protocols 626
– yeast preparation 628
yeast transformation 630ff.

z
z-factor 733f.
zinc fi nger 569f., 793




