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– derivatives 146
– synthesis 146
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a-amination reaction 306
a-amino acid 41, 52, 284
– amination 52
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– structure 284
aminoacyl tRNA (aa-tRNA), N-pyroglutamyl

protecting group 392
a-amino acid derivatives 53
– electrophilic amination 53
o-amino acid homologs 223
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b-amino-a-hydroxyphosphonates 216
– solid-phase synthesis 216
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– synthesis 212–219
b-aminophosphonic acids preparation 219
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– solid-phase synthesis 232
a-aminoboronic acid 145, 146, 170
– analog 169
– chemistry 145
– derivatives 145
– esters preparation 154
– synthesis 146, 172

– unprotected, asymmetric synthesis 169,
170

a-aminocyclopropylphosphonic acids 196
1-aminohydantoin library, synthesis 77
a-amino-3-hydroxy-5-methyl-4-

isoxazolepropionate (AMPA) 243
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211
– asymmetric synthesis 207
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– racemization-free synthesis 239
1-aminophosphonous acids 233
a-aminophosphonic acids 193, 198, 202
– synthesis 193–212
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201
– asymmetric synthesis 201
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aaRS 385, 490
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– nonorthogonal expression 385
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– stereoisomers of tyrosine 492
– tRNA aminoacylation 490
– tRNA recognition 491
aaRS mutants 390
– library 390
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– synthesis 147, 148
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acetylated hydroxamic acid derivatives 105
– O-acetylsalicyl-hydroxamic acid 105
acetyl chloride 193, 194
acetylene, cis-cuprate addition 267
achiral catalysts 20
acid-base catalysis 454
acid-sensitive linkers 124
acid/neutral proteases 348
1-acetamidoboronic acids 163
– enantiomeric synthesis 162, 167
actinomycin 634
activator for thyroid hormone and retinoid

receptors (ACTR) 517
active iron chelators 97
– deferasirox 97
– deferiprone 97
active-site nucleophile 350
acyclic chiral esters 15
acylating reagents 67, 69
– N1-substituted a-hydrazino acid derivatives,

reaction 69
– N2-protected a-hydrazino acid derivatives,

reaction 69
– unprotected a-hydrazino acid derivatives,

reaction 67
acyl carrier protein (ACP) domains 640
– role 643
acyl intermediate 354
acylhydroxamic acids 120
– structure 120
– synthesis 120
adenylation domain 638, 645, 649
– specificity 645, 649
– determination 647–649

adenylation-thiolation domain 648
adipokinetic hormone 576
AEP structural elements 212
Ag(I) triflate-catalyzed one-pot, three-

component reaction 208
aggregated protein, electron-dense core 542
alanine 508
– scanning data, meta-analysis of 508
alanine a-aminoboronic acids, synthesis 162
aldehydes 194, 292, 294, 296, 299, 300, 301,

304, 306–310, 313, 316, 317, 319–321, 325,
327, 328

– a-branched 296
– a,a-disubstituted 316
– direct organocatalyzed Michael
addition 316

– a-fluorination 327, 328
– a,b-unsaturated 309, 310, 313, 321
– direct organocatalyzed intermolecular
Michael reaction 310, 313

– dual catalyzed aza-MBH reaction 321
– asymmetric Mannich reaction 300
– with N-Boc-imines 300

– direct amino acid-catalyzed asymmetric
a-oxidation 325

– direct asymmetric organocatalytic
a-amination reaction 306

– direct catalytic asymmetric
a-amination 307–309
– using (S)-proline 307, 308, 309

– direct/enantioselective cross-aldol
reaction 292

– direct organocatalyzed MBH reaction 320
– direct organocatalyzed Michael

addition 317, 319
– electron-rich 299
– electrophilic 292
– a-alkoxyacetaldehydes 292
– aqueous formaldehyde 292
– intermolecular aldol reaction 292

– O-protected glycol 294
– SMP-catalyzed Mannich reaction 304
– use 301
aldol reaction 285–297
– acidic/basic catalysis process 285
– carbohydrate synthesis 293–297
– diastereo/enantioselective

organocatalytic 296
– intermolecular aldol reaction 290–297
– mechanisms 293

– intramolecular aldol reaction 285–287
– amino acid-catalyzed asymmetric 285
– mechanisms 287

alkali hydrolysis mechanism 151, 153
alkaline proteases 349
alkalinization bioassay 609, 618, 619
alkane nitronate anions,

photorearrangement 116
alkenes 325
– acyloxylation 325
alkyl thiosulfates 414
alkynoates 12
– imino glycinates addition 12
allatostatin receptors, 583. see also Drosophila

melanogaster
allenylphosphonates 214
allosteric inhibitor 526
allyl ester 222
– palladium-catalyzed amination 222
allylic epoxidation 43
allylphosphonates 220
Alzheimer�s disease 104
AM-toxin II, synthesis 6
amamistatin 118
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– amamistatin A 118
– amamistatin B 118
– chemical structure 118
– N-formylhydroxylamine lysine residue
synthesis 119

– antiproliferative properties 118
– N-formylhydroxylamine lysine moiety 118
amidoboronic acids 162
– solid-phase synthesis 162, 166
amine-carboxyborane esters, synthesis 182
amine-carboxyboranes 174
– activity 174
– derivatives 174
– synthesis 174
amine-carboxyboranes 176
– anti-inflammatory activity 176
– metal complexes 176
– synthesis 176
amine-reactive reagents 413
– acylating reagents 413
– alkylating reagents 413
amino acids 261, 262, 267, 272, 275, 288, 290,

294, 298–308, 319, 325, 329, 331, 448–450,
564, 612

– acyclic 290, 291, 299, 301, 305
– anti-selective Mannich reaction 305
– catalyzed direct asymmetric aldol
reactions 291
– direct asymmetric Mannich reaction 301
– enzyme-like enantioselectivity 290

– Boc-protected 272
– methanolysis rate 272

– catalysis 329, 330
– ecotoxicity 329
– sustainability 329
– toxicity 329

– catalysts 329
– performance of 329

– catalyzed reactions 321
– Diels–Alder reaction 322
– epoxides activation 327
– experimental procedures 331–335
– Knoevenagel condensation 323
– Rosenmund-von Braun reaction 326
– SN2 alkylation 328

– amino acid side-chains 411
– aminophosphinic acids 189
– analog 384
– binding pocket 385
– boronic acids 145
– catalysis of reactions 283
– catalyzed intermolecular Aldol

reactions 291
– choice of 450

– deprotection 125
– derivative 269
– double-sieve analogy 491
– efficiency 284
– identification 564
– mimetics 189
– mono/dibasic pairs 612
– natural, use 308
– non-natural 145
– nonpolar 450
– organosilane 272
– preparation 275
– primary 288
– propensity for 507
– regioselective/diastereoselective

intermolecular aldol reaction 294
– roles 283
– selection of 261
– selection process 491
– silicon placement 262
– single-point mutation 385
– structure-toxicity relationships 331
– triazacyclonane-bearing 449
– unsaturated 269
– use 298, 319
amino alcohols 306
– products 306
amino ketones 301
– protected 301
– organocatalytic asymmetric Mannich
reaction 301

amino sugars 297
– protected 297
– asymmetric synthesis 297

aminoacyl-tRNA synthetase 474
aminoalkanephosphonic acids 230
– direct acylation 230
aminoboronic esters 164
aminomethylene-bisphosphonates 244
aminophosphonates 192, 193, 240
– acid-base properties 192
– derivatization 193
– utility 240–245
aminophosphonic acids 190, 192, 245
– crystal structures 192
aminophosphonic acids/phosphonopeptides

derivatives 246
– experimental procedures 246–249
aminophosphonic/aminophosphinic

acids 189
– analysis 191–193
– introduction 189–191
– physical/chemical properties 191–193
aminosuccinimide 405
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amplicons, sequence analysis 645
Angeli–Rimini reaction 115, 130
angiotensin-converting enzyme (ACE) 557,

579
– inhibitors 559, 560
– domain-selective, structures 561
– domain-specific 560
– hypothetical binding 560

– isoforms 559
angiotensin analogs 558
– biosynthesis 558
– schematic view 558

angiotensin-converting enzyme 97
anilides 483
Anopheles stephensi 589
anthranilic acid drugs 641
anti amino alcohols 305
anti-inflammatory agent, tepoxalin 109
anti/syn ratios 296
antibiotics 632
anticancer efficacy 100
anticodon loop 398
antrimycin 37
apo-adenylation-thiolation domains 647
Appel reagents 230
Arabidopsis 606
– CLV3 signaling 606
– genome 613, 622
– leaves 604
Arbuzov reaction 214, 220, 223
– drawback 214
Arenesulfonamides 194
Arg-Ser recognition site 580
Arg-Tyr-Leu-Pro-Thr 580
Arg44-Ser45 peptide bond 579
Arginine a-aminoboronic acids 167
– synthesis 167
armadillo repeat-containing protein 1

(ARC1) 616
aromatic aldehydes 196
artificial enzymes 437
– de novo design 437
artificial inteins, molecular engineering 405
artificial model systems 467
artificial peptide-based catalysts 434
– development 434
artificial proteins 433
– preparation 433
– use 433
aryl bromides 326, 327
– (S)-Proline promoted CuCN-catalyzed

cyanation 327
– Rosenmund-von Braun cyanation 326
Asp/His diad 493

Asparagus officinalis 611
– mesophyll cell cultures 611
Aspergillus fumigatus 639
Aspergillus oryzae 349
aspirin 104, 105
– hydroxamic acid analogs 104
– PGHS-1 inhibition 105
– structures 105
asymmetric aza–Diels–Alder reaction 323
– plausible reaction pathway 323
– transition state one-pot three-

component 323
ATP-dependent proton pump inhibition 621
AtPEPR1 receptor gene 605
autoproteolysis 358
aza-macrocyclic compounds 213
a-azidoacrylates 7
aziridines 210
azlactones reactions 8
azomethine ylides 19

b
Bacillus amyloliquefaciens 510
Bacillus cereus 648
– b-lactamase 147
Bacillus stearothermophilus 153
– alanine racemase from 153
backbone amide linker approach 130
bacterial culture 383
BAF180. see polybromo
Baldwin rules 286
barnase-barstar complex 511
benzohydroxamate ion 94
benzoyl peroxide (BPO) 119
benzoyl-type hydrazones 57
– asymmetric allylation 57
benzyl carbamate, condensations 194
benzyl group, hydrogenolysis 52
benzyl thioesters 404
benzylamine 213
benzyltrimethylammonium salts 54
binary logistic regression model 552
binding site-catalytic communication 484
bioactive peptides 622, 623
bioactive synthetic products, cilazapril 40
biocatalysis 345, 354
– advantages 354
biocatalyst engineering 357
bioinformatic techniques, BLAST 644
biological energy transduction 511
– redox proteins 511
– chains of 511

biological processes, DNA repair 102
– gene regulation 102
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– mitosis 102
– range 102
biologically active peptides 551
biomimetic catalysts, construction 437
biophysical probes 392
biphasic reaction medium 356
biphenylalkyl iodides 236
bis(TMS)phosphonites 235, 236
bisphosphonates 244
Blattella germianica 583
Boc-alanine 436
– p-nitrophenylester 436
– p-nitrophenylester hydrolysis 436
– by CD–peptide hybrid 436

borane-containing analogs, affinity 179
borane-pyridine complex 123
boron-containing compounds 145
– bioinorganic chemistry 145
boron-containing nicotine (NIC) analogs 179
boron derivatives 178
– anti-inflammatory activity 178
boronic acids, importance 145
boronic ester hydrolysis 153
boropeptide thrombin inhibitors 160
boroproline synthesis 155, 156
– Matteson�s procedure 155
Bothrops jararaca, ACE inhibitors 559
broad-spectrum inhibitor 100
– advantage 100
– herbicides 242
– limitations 100
bromelain 349
a-bromoacetates 42
– substituted hydrazine derivatives,

reaction 42
a-bromo glycine derivative 266
– treatment 266
– asymmetric synthesis 267
a-BTX 180
– Ki values 180
a-bungarotoxin (a-BTX) 179
butadienylphosphonate 222

c
calcium-dependent antibiotic (CDA) 634
calf rennet, chymosin 349
camphor sultam-derived dipolarophile 62
– trimethylsilyl diazomethane, 1,3-dipolar

cycloaddition 62
Candida antarctica lipase B 219
Candida rugosa enzyme 493
carbazates 42
carbodiimide coupling agents 111
carbohydrate synthesis 293–297

– amino sugars synthesis 296
– iterative aldehyde aldol step 295
carbohydrate synthesis 295
carbon-carbon bond-forming reaction 285
carbon dioxide, chemical fixation 327
carbonyl compounds 44, 46, 207
– a-alkylation 328
– a,b-unsaturated 309
– iminium-based Michael reaction 309

– asymmetric electrophilic a-amination 44
– catalytic enantioselective a-

hydrazination 46–50
– direct aminoalkylation 207
– electrophilic amination 41
carboxyl function reactivity 73–74
carboxylate esters cleavage 437
– catalysts design 437
carboxylic acid 107
– Fischer esterification 107
carboxylic acid catalyzed model 288
carboxylic acid derivatives synthesis 107
carboxymethylated papain 483
– human stefin B complex 483
carboxypeptidase, types 553
Castro�s reagent 113
catalyst 357, 449, 474
– analogous binding inhibitors 475
– chemical modification 357
– formulation of 474
– property of 474
– screen study 325
– systems 327
– transition-state stabilization 474
catalytic enantioselective a-hydrazination 51
catalytic enamine mechanism 325
catalytic hydrogenations 19–21
catalytic mechanism 476
– enzyme 476
– protein engineering 478
catalytic peptide units, self-organizing 438
catalytic rate constant 440
catalytic sites, substrate-binding clefts 478
catalytic synthetic protocol 296
catch-and-release strategy 129
catecholborane reductive reagent 221
Cbz-/Boc-protected derivatives 8
CCK pentapeptide (CCK-5) 360
– synthesis 360
CD26 enzyme 554
cell metabolism 341
central nervous system (CNS) 535
centrifugation 384
cereulide-deficient mutants 648
C-terminally-encoded peptide 1 (CEP1) 611
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– encoding genes 611
– precursor protein 611
chelating agents, poly-aminophosphonic

acids 193
chemical libraries 524
chemical ligation 73, 352, 401–404
– approaches 402
chemical peptide synthesis (CPS) 380, 402
chemical shift perturbation assays 515
chemical synthesis 401
chemically reactive groups 392
chemoselective coupling reaction 402
chiral 2,3-epoxypropylphosphonate 220
chiral a-phosphonate carbanions 208
chiral a,b-unsaturated carboxylates 50
– stereoselective a-hydrazination 50
chiral carbonyl compounds 45
– stereoselective a-hydrazination 45
chiral catalysts 20
chiral compounds 283
chiral discriminators 192
chiral enantiopure sulfinimines 202
chiral glyoxylic hydrazone 59
– silyl enol ethers, diastereoselective Mannich-

type reaction 59
chiral keto-phosphonates 216
chiral manganese enolates 50
chiral nonracemic a-amino acids 52
– synthesis 52–55
chiral p-tolylsulfinyl group, roles 218
chiral Schiff�s bases, alkylation 206
chiral thioureas 203
chirally modified DDAAs 16, 17
– cyclopropanation reactions 16
– radical additions 17
chirally modified DDAA derivatives 16
– C-nucleophiles additions 16
chitin-binding domain (CBD) 407
chloramphenicol acetyltransferase (CAT)

gene 390
chloro-functionalized resins 124
cholecystokinin CCK 533, 576
cholesterol 182
– de novo synthesis 182
chromogenic/fluorogenic precursors 555
chymotrypsin 356, 477, 478
– hydrogen bond donors 478
chymotrypsin family crystal structures 479
chymotrypsin inhibitor 478
cinchona alkaloids 205
circular dichroism 353
– circular dichroism spectra 416
classical coupling procedures 229
– dicyclohexylcarbodiimide (DCC) 229

– mixed carboxylic-carbonic anhydride
(MCA) 229

classical light scattering 513
CLAVATA3/endosperm surrounding region

(CLE) 605
– CLV3 signaling 606–607
– peptides 607–609
CLE genes 608
CLE peptides, binding affinities 609
cleavage site 552
– nomenclature 551
– prediction 552
CLV3 precursor gene 605
CLV3 signaling 607
– intracellular signal transduction 607
– WUS mRNA expression 607
Co(III)-mimochrome 459
– crystal structure 459
CoA, role 641
cocatalyst system 321
coenzyme A 632
combinatorial peptide screening 450
commercial enzymes 343
complex system 455
computational algorithms 523
computer modeling 480
condensation domain 640–641
– domain acceptor site 640
confocal microscopy 513
consensus sequence 640
constitutive-like secretory pathway 542
convergent enzymatic synthesis 352, 360
cooperative mechanism 438
– carboxylate ester cleavage 438
cooperativity 437, 441, 454
– model 456
core protein scaffold 464
– topology of 464
corticotropin-releasing factor (CRF) 576
cosolvents, use 356
coumarin 556
– based fluorescence assays 556
– substrates, disadvantage 556
coupling-deprotection cycle 352
coupling reagent, HATU 127
coupling reagents 239
– CCl3CN 239
– DCC 239
– DCC/base 239
COX inhibitors 105
CREB-binding protein (CBP) 517
cross-coupling reactions 13
– Sonogashira 13
– Stille 13
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– Suzuki 13
cross-linked DDPs synthesis 10
cross-linked enzyme aggregates (CLEAs) 358
cross-linked polystyrene resin 121
cyanobacteria, toxins 646
cyanomethyl ester (CME) 395
cyclic analogs 224
cyclic DDP AM-Toxin II 5
cyclic dipeptide oxidase 649
cyclic enones 310
– (S)-proline catalyzed 310
– using trans-2,5-dimethylpiperazine 310

cyclic phosphoric acid derivative 203
cyclin-dependent kinase (CDK) 488
– RXL-containing peptides 489
cyclic systems 459
cyclization domain 641
cycloadditions 17–21
cyclodextrin (CD)-peptide, catalytic

activity 436
cyclohexanone, a-fluorination 328
cyclohexyl ester 351
cyclopentenyl glutamates 19
cyclopropanation 18
Cys-His-Asn triad 481
cys mutation 410
Cys protection strategies 411
cystatin-related epididymal spermatogenic

(CRES) protein 563
cysteine proteases 345, 347, 355, 476, 480
– catalytic mechanism 347
– inhibitors 563
– Carica papaya 480
– papain family 480
– thiol-disulfide interchange 480

d
a-diazoesters 59
– catalytic enantioselective reaction 59
a-diazo-b-hydroxy esters 60
– catalytic enantioselective synthesis 60
a,b-didehydroamino acids
– experimental procedures 22–26
b-dimethylphenylsilylalanine 267
dipeptidyl peptidase IV-like enzymes 554
D-glutamic acid derivative 47
– stereoselective a-hydrazination 47
D-glutamic acid skeleton 46
D-HIV-1 protease 416
D-piscose synthesis, aldol products 296
Drosophila melanogaster 580
– sex peptide receptor 581
– molecular characterization 581

DDAAs 3, 14, 15, 17, 18, 21

– asymmetric radical addition 18
– bromination 21
– halogenations 21
– radical additions 17
– reactions 14–21
– sulfur ylides addition 15
– synthesis method 3–14
DDAAs synthesis 5–15
– azides 7
– C–C bond formation 12–14
– cross-coupling reactions 13–14
– eliminations method 3–7
– Horner–Emmons/Wittig reactions 8
– isocyano enolates 10
– nitroenolates 10
– nucleophilic addition/elimination 15
– azidoacrylates 7
– Horner–Emmons reaction 8
– isocyanoacetates 11
– N-hydroxyamino acids 6
– nitroacetates/subsequent reactions 10
– Passerini reaction 11
– Sonogashira coupling 14
– Stille coupling 14
– substrate controlled hydrogenation 21
– Suzuki coupling. 13
– Wittig reaction 10
de novo purine synthesis 177
– enzymes 177
– inhibition 177
defense-related peptides 621
– isolation 621
DEFENSIN gene 604
degenerate PCR 647–649
– primers 647
dehydropiperazic derivatives, synthesis 46
demethylase enzymes, H3K9Me3 520
dendrimer 440, 442
– catalyzed reactions 440
– higher-generation 442
– peptide catalyzed ester 442
6-deoxyerythronolide B synthetase (DEBS)

pathway 641
desferrioxamine B 96
– chemical structures 96
– deferasirox 96
– deferiprone 96
– Streptomyces pilosus 96
– use 96
Devil1 (DVL1) gene 610
– over expression 610
– protein encoded 610
dialkyl phosphates, reactions 198
dialkyl phosphites 202
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diastereomeric a-aminophosphonates 198
diazomethane, cycloaddition 18
dibenzyl azodicarboxylate 209
dibutyl iodomethane-boronate

alkylation 155, 156
dicarbonyl compounds 287
– enantioselective (S)-proline-catalyzed

enolexo aldolization 287
dichloromethane (DCM) 121
dichloromethylboronic ester reaction 168,

169
diconnected peptides 39
dicyclohexylcarbodiimide (DCC) 154
didehydroalanine 12
– Trifold Heck reaction 12
didehydroalanine analogs 17
– imidazolidinone 17
– oxazinone 17
– oxazolidinone 17
didehydroalanine derivatives 16
didehydroalanine peptide 4
didehydroaminobutenoate pepetide 4
didehydropeptides (DDPs), building blocks 3
didehydroprolines 15
dielectric constant 356
Diels–Alder reaction 19, 61, 226, 322
– Diels–Alder adducts 322
– one-pot, three-component direct catalytic

enantioselective 322
diethyl 5-chloro-1-pentynylphosphonate 226
– one-pot reaction 226
diethyl a-acetamido malonate, alkylation 265
diethyl azodicarboxylate 307
diethylenetriamine 454
dihydrobenzofuranols 287
– cis-substituted 287
– asymmetric organocatalytic synthesis 287

dihydrofolate reductase (DHFR) 386
diiron proteins 464
– Due–Ferri (DF) series 464
– minimal models 464
diisopropyl ether 219
diisopropylethylamine 238
dimerization process 9
dimethylformamide 296
dimethyl phosphite 198, 205
dimethylsulfoxide 304
dimethyl thiophosphite (DMTP) 202
dinitro-dFx 396
dipeptidyl peptidase IV (DPPIV) 155
– enzymes 554, 555
– activity 555
Diploptera punctata 578
diprotected a-hydrazino acids 47

– enantioselective two-step synthesis 47
direct catalytic asymmetric enolexo

aldolization 287
– (S)-proline catalyzed 287
DNA 445, 446, 447, 448
– binding affinity 448
– binding proteins 524
– chimeric peptides interaction 447
– computer-generated model 447

– cleaving enzymes 417, 524
– data 645
– domain 446
– genomic 446
– hydrolysis 445, 448
– metagenomic pools 341
– models 446–450
– replication 491
– sequence 524
– synthesis 177
DNA/RNA recognition 520
DNPB, hydrolysis 444
docking analysis 564
domino borylation/Suzuki coupling 13
donor/acceptor pairs 557
DOPA synthesis, asymmetric catalytic

hydrogenation 20
Drosophila melanogaster, spn4 gene 562,

583
drosophilid species 580
dry solvent 108
– N,N-dimethylformamide (DMF) 108
– tetrahydrofuran 108
dual-catalyst system 320
dual epimerase/condensation domain 639
Duolite C467 resin 245

e
Edman degradation 554
electron paramagnetic resonance (EPR)

spectrum 464
electrophilic amination 208
– reagent 52, 174
electrophilic nitrostyrene acceptor

molecules 319
electrophoretic mobility shift assay (EMSA)

512
electrospray ionization ESI-ion cyclotron

resonance/Fourier transform mass
spectrometry/FTMS 647

eledoisin analogs 39
enaminium-catalyzed process 288
– proline molecule 288
– role 288

enantiomeric aminophosphonates 227
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enantiopure a-halogeno acids 42
– hydrazine derivatives, reaction 42
enantiopure a-hydroxy esters 43
– aminophthalimide derivatives, Mitsunobu

reaction 43
enantiopure activated a-hydroxy esters 42
– hydrazine derivatives, reaction 42
enantiopure catalysts 50
enantioselective catalysis 41
enantioselective hydrogenation 55
endocrine cells, secretory pathway of 577
endocrine glands 576
endocrine peptide hormones 533, 597
endogenous peptide signals, plant growth,

regulation of 597
endoproteases 348
enolates, stereoselective amination 45
enones 311
– acyclic 311, 312
– direct organocatalyzed intermolecular
Michael reaction 311, 312

– cyclic 311
– direct organocatalyzed intermolecular
Michael reaction 311

enzymatic hydrolysis 269
enzymatic peptide synthesis 355, 359
– process development 359
– thermodynamic vs. kinetic control

strategies 355
enzymatic process 219
– industrial 342
enzymes 341, 379, 416, 475
– applications 379
– catalytic mechanism 476
– catalytic mechanism of 476
– conformational stability 416
– conventional genetic engineering 379
– properties 379
– properties of 475
– rate enhancement 475
– substrate recognition 475

– transition-state stabilization 474
enzyme biocatalyst 341, 357, 359
– immobilization 357
enzyme catalysis 475, 477
– entropic strain 475
enzyme immobilization 342
enzyme-inhibitor systems 473
enzyme-linked immunosorbent assay

(ELISA) 514
enzyme-like proteins, see protozymes
enzyme molecule 357
– molecular stiffness 357
enzyme nucleophiles 485

enzyme prices 344
enzyme selectivity 344
enzyme-substrate systems 473
– tyrosyl-tRNA synthetase 474
enzyme-substrate interactions 479, 492
enzyme stabilization 342
epimerase domain 631, 648
epimerization 63
– domain 633
EPL 409, 410, 411
– applications 411
– protein classes 411
– reactions 411
epoxides 327
– coupling 327
ER/Golgi secretory system 612
Erlenmeyer azlactone synthesis 7
Escherichia coli 437, 486
– synthetic genes 437
ESI-ICR/FTMS 648
esters 44, 483
– a-hydrazination 44
– catalyzed hydrolysis of 483
ethenylidene-bis(phosphonic) acid 213
– disodium salt 213
ethylenediamine 213
eukaryotic genomes 523
– DNA-binding domains 523
eukaryotic linear motifs 516
Evans chiral auxiliary 263
exogenous proteases 404
exoproteases 348
exosite-associating moiety 159
expressed protein ligation 408
expression inducer 395

f
farnesol analogs 224
female reproductive tract 581
ferricrocin 637
ferrocenyl-containing pseudopeptide

mimetics 237
– synthesis 237
five-base codons 398
flexiresin 396
flexizyme 396
fluorescence anisotropy 514
fluorescence optics 514
fluorescence resonance transfer

methodology 479
fluorophore/quencher pairs 557
Fmoc/tBu multiple peptide synthesis 353
food enzymes 342
formohydroxamic Acid synthesis 117
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fosmidomycin analogs 222, 244
– synthesis 222
four-base codons 397
four-base suppressor tRNAs 398
four-component Ugi condensation 232
Fourier transform infrared (FTIR)

spectroscopy 122, 435, 565
frame-shift suppression 397–399
– technique 387, 398
frame-shift suppressor tRNA 397
free aminophosphonates 192
– N-derivatization 192
Fukuyama reaction 124
functional orthogonality 381
fungal genome sequences 635, 645
fungal NRP 636
– adenylation domain substrate

specificity 636
furfuryl amine derivative 263
– reverse-aza-Brook rearrangement 263
fused pyrazoles 77
– solution-phase/solid-phase synthesis 77
fusion pore, properties 542

g
g -amino-b-keto-phosphonic acids 221
G-protein-coupled receptor (GPCR) 576
– peptide/protein receptor families 576
Garner aldehydes 297
gel shift, 512. see also electrophoretic mobility

shift assay
gene shuffling 349
genetic code 381, 399
genetic code system 397
genetic/protein engineering 360
genome walking 643
GFP-DVL1 protein fusions expression 610
Gibbs free energy 386
Gliotoxin biosynthesis 637
glutamate 243
– analogs 226, 243
glutamine synthetase, inhibitors 242
glutathione-S-transferase (GST) 418, 512
– protein 642
glycine-extended hormones 553
glycine a-aminoboronic acids, synthesis 154
glycosidases 485, 486
glycosidases, 485–488. see also glycoside

hydrolases
glycoside hydrolases 485, 486
– glycosyl transfer enzymes 485
glycosidic bond 485
– linkages 344
glycosyl-enzyme 485

glyoxylic acid derivatives 55
glyoxylic hydrazone 59
– silyl enol ethers, enantioselective Mannich-

type reaction 59
Glyphosate 242
gold nanoparticles 440, 443
– self-assembled monolayers (SAMs) 440
gonadotropin-releasing hormone receptor

agonist 273
green chemistry, advantages 330
– aims 330
green fluorescent protein (GFP) 610, 402,

513
Grignard reagent 171
GTP-dependent process 535

h
Hajos–Parrish–Eder–Sauer–Wiechert

reaction 285, 286
b-hairpin structure, rigidity 435
a-haloalkylboronic esters 151
– asymmetric synthesis from 151–154
a-haloboronic esters 146, 151
– nucleophilic reactions 146
b-halogenated DDAAs 21
halogenated DDAA derivatives, Sonogashira

couplings 14
halogen-zinc exchange, see Luche conjugate

addition
HATU coupling chemistry 126
HATU/TMP coupling protocol 127
HCN, enantioselective addition 56
HCV NS3 proteinase 162
– antiviral therapy 162
– inhibitor potency 172
HDAC enzyme structures 103
HDAC inhibitors 103
– hydroxamate-based 103
– as anticancer agents 103

HDAC-like protein 103
Heck reaction 12
helichrome model 458
helix-loop-helix (HLH) conformation 436
helix-turn-helix (HTH) region 446
heme-binding sites 463
heme binding pocket 460
heme complex, properties 464
heme proteins 456, 457
– design model 457
– Diiron model proteins 464
– four-Helix Bundles Models 460
– heme-peptide models 457
– porphyrin as template 457

– heme sandwich models 458
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– membrane-soluble Heme-binding
systems 462

– peptide models 456–467
hepatitis C virus (HCV) protease 154
hepatotoxin 648
herceptin 521
heterochromatin protein 1 (HP1) 520
heterocycle, hydrolysis of 265
heterocycles 74
heterocyclic phosphonates 9
heterologous protein expression (HPE) 410
heteropolymers 350
hexadentate chelator, desferrioxamine 96
hexamethyldisilazane (HMDS) 196
hexose 296, 297
– de novo synthesis 296
– direct amino acid-catalyzed enantioselective

synthesis 297
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high-performance liquid
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– purification techniques 623
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high-resolution crystal structures 385
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catalyst 436
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histone acetyltransferases (HATs) 102
histone deacetylases (HDACs) 97
HIV-1 protease 402
HIV-1 regulatory protein 454
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homogeneous time-resolved fluorescence

(HTRF) 642
homologous proteins 610
– DVL1 610
– ROT4 610
homology-search programs 562
hormones 533, 534, 555, 564
– biosynthesis inhibition 555–565
– angiotensin-converting enzyme, inhibitors
design 555–561
– proprotein convertase inhibitors 561–565
– radout sstems 555–557

– chemical composition 533
– endocrine/autocrine/paracrine

pathways 534
– lipid-derived hormones 533

– peptide hormones 533
– precursors 564
Horner–Wadsworth–Emmons reaction 221
horseradish peroxidase 462
HPNP, accelerated cleavage 454
Hub proteins 508
human cathepsin inhibitor 352
human insulin-like growth factor-binding

protein 615
human male-associated ZFY protein 451
hydantoic acids, Schestakow

rearrangement 52
hydrazide function, deprotonation 75
hydrazine glycidic ester, reaction 44
hydrazine hydrate reaction 42
a-hydrazino acids 35, 36, 39, 41, 47, 53
– general formula 36
– introduction 35
– natural products 36–39
– pseudopeptidic structures 39
– synthesis of 41, 53
– synthetic bioactive products 39–40
a-hydrazino acid derivatives 35, 55, 63, 67,

69, 77, 79
– chemistry 63
– experimental procedures 79–85
– hydrazine function 77
– precursor 55
– synthetic pathways 55
hydrazino function, reactivity 67
hydrazino turn 40
hydrazinopeptides 39
hydrazone 55, 56, 57, 58, 59, 60
– diastereoselective addition 57
– organometallics 57

– diastereoselective hydrocyanation 57
– diastereoselective zinc-mediated carbon

radical addition 60
– enantioselective/stereospecific

allylation 58
– catalytic enantioselective hydrogenation 56
– diastereoselective zinc-mediated carbon

radical addition 59
– enantioselective Friedel–Crafts

alkylations 59
– stereoselective addition 57
– organometallic reagents 57

hydrogen bond 477
– bonding networks 465
– systems 478
– water molecule 487
hydrogen bonding interactions, 99
– multiple sites 96
hydrolase 344

Index j667



hydrolysis/hydration reactions 434
– half-lives 434
– rate constants 434
hydrolytic enzymes 434
– peptide models 434–456
– ester hydrolysis/acylation 434–456
– phosphate bond cleavage 444–456

hydrolytic enzymes 477
hydrophobic base pairs 399
– 7-azaindole (7AI-7AI) 399
– propynylisocarbostyril (PICS-PICS) 399
hydrophosphonylation reactions 199
hydroxamate-based peptide inhibitor, MMP-

1active site interaction 101
hydroxamic acids 93, 94, 95, 106, 109, 123,

128, 130
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– aliphatic/aromatic 110
– bioactivity 95–106
– as enzyme inhibitors 97–106
– as siderophores 95–97

– bioactivity 130
– chemistry 93–95
– dissociation pathways 94
– hydrolysis 102
– formula 93
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– as enzyme inhibitors 97–106
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– clinical utility 130
– experimental procedures 130–137
– formation mechanism 107, 115
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– importance 106
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– metal-chelating ability 97
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– N-/O-acids like behaviour 94
– pKa values 94
– preparation 109, 128
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– reverse/retro 95
– solid-phase synthesis 106, 123
– solid supports 127
– via a palladium-catalyzed cascade
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– solid-phase synthesis 121, 126
– acidic cleavage 122–126
– from Wang resin 122
– nucleophilic cleavage 128
– strategies 121

– solution-phase synthesis 106–121
– role 106

– structures 95
– sulfonamide-based 124
– solid-phase synthesis 126

– X-ray crystallography 99
hydroxamic acids synthesis 106
– from aldehydes 115, 116
– from carboxylic acid derivatives 106
– coupled agents 113
– from acid halides 108
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– from carbodiimide-coupled carboxylic
acids 111
– from esters 107
– using CDMT 110
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– from gem-dicyanoepoxides 115
– from N-acyloxazolidinones 114
– from nitroalkanes 117
– via mixed carbonic acid anhydrides 110
– via palladium-catalyzed cascade
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a-hydroxy acids 41
– amination of 41
a-hydroxy-a-acylamino-carboxylic acids 6
a-(hydroxyamino) phosphonate

intermediates 200
b-hydroxy amino acids 3
a-hydroxy phosphonates 292
– organocatalytic enantioselective

synthesis 292
1-hydroxy-7-azabenzotriazole (HOAt) 113
hydroxybenzotriazole (HOBt) 111, 236
hydroxyferricrocin 639
hydroxylamine derivatives 52
hydroxylamines synthesis, from amines 120
hydroxyproline-rich systemin (HypSys)

glycopeptides 603
– JA signaling pathway 603
– NtHypSys glycopeptide sequences 603
– tobacco/tomato 603
hypochlorite 52
hypolipidemic agents 182
hypophosphorous acid, chiral salts 198
HypSys peptides 621

i
imines 199, 202, 203
– asymmetric hydrophosphonylation 202
– catalytic hydrophosphonylation 203
– direct hydrophosphonylation 199
imino-Diels-Alder reaction, proline-

catalyzed 323
immunological techniques 646
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in vitro cell proliferation 615
in vivo selection system 397
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proteins 614
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gene 614
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influenza enzyme 487
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insect genomes, whole-genome

sequencing 575
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– stomatogastric nervous system 583

– allatostatin 576
– ancient signaling molecules 575
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– C-terminal region of 586
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of 586
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– tobacco hornworm 584
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– genes encoding 575
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– BLAST searching 584
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– hemolymph possess 577
– insect control 586–589
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– baculovirsuses infect insects 588
– hormone imbalance 589
– larvae 587
– Malpighian tubules 587
– peptidergic signaling 588
– trypsin-modulating oostatic factor
(TMOF) 588

– nervous system 576
– neuroendocrine cells 577
– proctolin 576, 578–580
– neuromodulator/cotransmitter 578
– signaling peptide 578

– proctolin-sensitive tissues 578
– seminal fluid 580
– sex peptide 576
– central nervous system (CNS) 581

– ectopic expression 581
– innate immune system 581
– male accessory glands 580
– N-terminal tryptophan-rich domain 581
– seminal fluid 580
– structural features 580
– trypsin recognition site 581

– sex peptide 580
insect species 576
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– myotropin of 578
inteins 404–410
– based synthesis, drawback 410
– CBD fusion protein 410
– classes 405
intein-mediated purification with an affinity

chitin-binding tag (IMPACT) system 407
intein fusion proteins, thiolysis 409
intercellular adhesive molecule-1 (ICAM-1)

526
International Union of Pure and Applied

Chemistry 534
intra molecular acyl shift 404
ion-spray MS 416
ionic liquids 344
iron-sequestering agent 97
isobutyl chloroformate 73
isopenicillin N synthase (IPNS) 634
isopropyl glyoxylate hydrazone 60
– electron-rich aromatic compounds,

Enantioselective Friedel-Crafts reaction 60
isopropylammonium salt 242
isothermal titration calorimetry (ITC) 514

j
JH biosynthesis 582
– Diploptera punctata 582
– structures of 582

– Periplaneta americana 583
– structures of 583

– regulation of 582

k
Kabachnik–Fields reaction 193, 196, 197, 233
Kaiser resin 128
Kaiser test 122
ketones 293, 304, 308, 317, 318, 325–328
– a-amination reaction 307
– b-amino, reduction 297
– direct catalytic asymmetric

a-amination 308
– using (S)-proline 308
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– a-fluorination 327, 328
– a,b-unsaturated 325
– hydrogenations 325

– cyclic 317, 318
– direct organocatalyzed Michael
addition 318

– direct amino acid-catalyzed asymmetric
a-oxidation 325

– direct organocatalytic a-oxidation 326
– direct organocatalyzed Michael

addition 317
– donors 304
– (S)-proline-catalyzed Mannich
reaction 304

– electrophilic 293
– diethyl ketomalonate 293
– trifluoropyruvate 293

– reduction 297
b-keto amino acids 13
b-keto esters 47, 48, 50
– catalytic enantioselective

a-hydrazination 48
– catalyzed amination 47
b-keto functionality, reduction 209
b-keto phosphonates, enantioselective

amination 209
kinetic analysis 475
kinetically controlled peptide synthesis

(KCS) 355
Kluyveromyces lactis 349
Knoevenagel-type condensation

reactions 234, 323, 324
– proline-catalyzed 324
– asymmetric three-component
domino 325

l
b-lactam antibiotics 356, 358, 633
b-lactamase gene 398
b-lactamase-inhibitory protein binds 526
L-phenylalanine-binding adenylation

domain 635
b-phenyldimethylsilylalanine, preparations

of 267
b-phosphinoyl malonates 234
labile intracellular proteins 344
Lacanobia oleracea 589
larvae 587
larval lepidopterans 587
– gut of 587
Lawesson�s reagent 157
leaky expression 383
leginsulin, biological activity 615
Leu-Leu thermolysin inhibitor 273

leucine-rich repeat receptor-like kinases
(LRR-RLKs) 597

Leucophea maderae 578
Leucophea migratoria 578
Lewis acids 11, 216, 274
– CuCl 11
– MgBr2 295
– use 295

– TiCl4 295
– ZnCl2 11
ligand binding, allosteric inhibitor 526
ligand binding assay 606
– photoaffinity labeling 606
ligand library 448
– screening of 448
– split-and-pool synthesis 448
ligand-receptor proteins 616
linatine 36
lipid/water interfaces 493
lipoprotein-cholesterol contents 182
liquid-phase synthesis 353
liquid chromatography 611, 575
– computer programs 575
lithium dimethyl methylphosphonate 221
lithium derivative 206
lithium hexamethyldisilazane

(LiHMDS) 147
lithium perchlorate-diethyl ether (LPDE) 198
LnPB complexes 203
low density lipoprotein (LDL) 480
Luche conjugate addition 15
lymphocyte function-associated antigen-1

(LFA-1) 526
lysine sweet dipeptide 359
lysozyme 487

m
m-cyanoborophenylalanine analog 162
– boronic acid analogs preparation 162, 163
M2 influenza ion channel 463
magnetic resonance imaging agents 97
MALDI-time-of-flight analysis 648
male accessory glands 580
Maleimides 414
Malpighian tubules 584, 587
– fluid secretion 584
mammalian peptide hormones 534, 536
– biosynthesis 533
– inhibition 533
– overview 536–539
Manduca sexta 584, 602
Mannich-type multicomponent

condensation 239
Mannich bases 207
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Mannich product 297
Mannich reaction 298
– (S)-2-methoxymethylpyrrolidine (SMP)

catalyst 304
– a-aminomethylation 298
– anti-selective Mannich reaction 306
– by protected (S)-threonine 306

– anti-Selective Mannich Reactions 304
– asymmetric three-component 300
– trans-4-siloxyproline-catalyzed 300

– direct asymmetric three-component 299
– limitations 299

– direct Mannich reaction 298
– advantage 299

– direct three-component 303
– using aldehydes nucleophiles 303

– indirect Mannich reaction 302
– using Ketone donors 302

Mannich reaction 238
– direct asymmetric three-component 296
Mannich variant, diastereo/

enantioselective 297
Markov models 641
mass spectrometry (MS) 387, 640
matrix-assisted laser desorption/ionization

(MALDI) 644
matrix metalloproteases (MMPs) 97
– activity 98
– modulators 98
MBH products 319
MDM2 525
– p53 binding site 525
– X-ray structure 525
medium engineering 356
Meerwein�s reagent 154, 155
– action 155
a-melanocortin-stimulating hormone (MSH),

administration 554
membrane-soluble sequences 462
– de novo design 462
membrane protein 462, 463
– ME1 463
– EPR spectra 464
– Ribbon model 463

– structures 462
membrane proteins, feature 462
MeO-polyethylene glycol-supported

ligand 20
mercurial reagents 414
mercurials 414
meso-2,6-disubstituted-4-piperidones,

preparation 324
meso-butanediol esters 149
– synthesis 149, 150

meta-chloroperoxybenzoic acid (m-CPBA)
oxidation 119

metagenomics 358
metal-based cofactor 457
metal-chelating residues 395
– 3-amino-Tyr 395
– bipyridyl-Ala 395
– dihydroxy-Phe 395
metal-complexing agents 189
metal complexes 448
metal ions 445, 446, 448, 452, 456
– based peptide catalyst 448
– binding subunits 456
– role 445, 456
metallo-enzyme inhibitors 106
metallo-enzymes 99
– TACE protease family 99
metalloenzymes 95
– catalytic active sites 95
– inhibitor 118
metallopeptidase 548
– endothelin-converting enzyme (ECE)-2 548
metalloproteins 456, 457, 464
– model 457
– natural 456
Methanobacterium thermoautotrophicum

(Mth RIR1) 409
Methanococcus jannaschii 389
methicillin-resistant Staphylococcus

aureus 634
methionyl-tRNA synthetase 491
methyl ester 154
– preparation 154, 155
methyl jasmonate (MeJA) 604
– PROPEP genes 604
methylene-bisphosphonates 224
– alkylation 224
methylene piperazine-2,5-diones 9
Michael-type addition 286
Michael acceptors 10, 206, 235
Michael addition 212, 234
Michael adducts 312, 318
Michael donor 312
Michael reaction 308
– acceptor molecules 314
– enamine-catalyzed mechanism 312, 313
– intermolecular 314

– iminium-catalyzed Michael reaction
mechanism 310

– iminium ion-catalyzed Michael reaction
mechanism 309
– intermolecular 309

– proline-catalyzed intermolecular 315
Michael reaction 310
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Michaelis–Bekker reactions 214
Michaelis complex 474
– acyl group 477
– binding energy 474
– crystal structures of 487
– transition state 475
– formation of 475

Michaelis–Menten acyl-enzyme complex 355
Michaelis–Menten equation 493
Michaelis–Menten kinetics 440
Michaelis–Menten parameters 439, 456
– determination 439
microbial proteases 348
microbial rennets 349
microscopic reversibility 348, 354
– principle 348, 354
midgut endocrine cells 576
Miller hydroxamate approach 125
mini inteins 409
mischarged suppressor tRNA 388
mismatched base pairs 385
missense codon technique 386
missense suppression 385–387
Mitsunobu conditions 122
Mitsunobu reaction 222, 233
Mitsunobu reagent 43
– diethylazodicarboxylate 43
– Ph3P 43
MMP Inhibitors 98–102
– classes 102
– design 102
– hydroxamate-based 99, 101
– chemical structures 100
– clinical performance 99
– potency of 99

– inhibition 102
– role 98, 102
– succinate-based 114
Moc-NHPro-NHiPr 40
– X-ray structures 40
modifying reagents 412, 414
molecular recognition, proteins 517
monamycins 37
– cyclohexadepsipeptide structure 37
monomeric system 443
mononuclear metal proteins 457
Morita-Baylis-Hillman (MBH) reaction

318–320
– Aza-Morita-Baylis-Hillman Reactions 320
Multi-angle laser light scattering

(MALLS) 513
– Rayleigh scattering 513
– wavelengths 513
multicomponent couplings 11

– Passerini reaction 11
– Ugi reactions 11
multifunctional dimeric proteins 418
multiple peptide synthesis 352
multivalent catalysts 440
musculoskeletal syndrome, see

musculoskeletal toxicity (MST)
musculoskeletal toxicity (MST) 99
– dose-limiting 99
Mycobacterium xenopi DNA gyrase A

(Mxe GyrA) 409
Myelin basic protein 489
myrosinase 486

n
N-acetyl-a-D-glucosamine 1-phosphate 225
– isosteric phosphono analogs 225
N-acetylneuraminic acid 225
– phosphonic acid analogs 225
N-(-haloalkyl)phthalimides 214
nanoparticle 441, 442, 443, 456
– based catalyst 441, 456
– dipeptide functionalized 442
– dodecapeptide-functionalized 443
nanozymes 443
N-(silylmethyl)-phenylalanine synthesis 271
native chemical ligation (NCL) 402, 403, 410
natural enzymes, roles 379
natural proteins 433
– biosynthesis 380–381
– properties 433
natural systems 433
neat hydrophobic solvents 357
– drawback 357
– use 357
Negamycine 36
nervous system 576
– neurosecretory cells 576
neural network 552
– based method 552
– furin-specific 552
neuraminidase 487
neuroactive pain regulator dipeptide 359
neuroendocrine cells 575, 577
– peptide hormones 577
neuroendocrine proteins 562
– 7B2 562
– proSAAS 562
neuropeptide Y (NPY) 533
neurotensin fragment 275
– degradation-resistant neurotensin

analog 275
– silaproline neurotensin analog 275
neutral oxygen nucleophiles 109
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– water 109
nitric oxide 169
– activities 169
– synthase 169
nitrile hydratase 342
nitroacetic esters 10
nitroalkanes 311
– direct organocatalyzed intermolecular

Michael reaction 311
NMR-controlled titration methods 192
NMR spectroscopy 192, 207
noncanonical amino acid 383, 384, 387, 389,

391
– missense incorporation 387
noncanonical amino acids 390, 412
noncanonical base pairs 399–401
nonenolizable ketones 291
– 1-aryl-2,2,2,-trifluoroethanones 291
– a-keto carbonyl compounds 291
non-hydroxamate-based inhibitor 101
nonracemic a-hydrazino acid derivatives 63
– N–N bond cleavage 63
nonracemic b-hydroxy esters 46
nonracemic epoxides 43
– hydrazine derivatives, reaction 43
nonribosomal peptide 631
– synthesis 631
nonsense codons 381
nonsense suppression 390–395
– approach 395
– efficiency 392
– method 392
– strategy 390
nonsteroidal anti-inflammatory drugs 104
– aspirin 104
– treatment 104
– use of 104
novel protease, screening 357
NPY family 535
NRP synthetase 632, 633, 645, 646
– adenylation 648
– domain specificity 649
– genes 645, 647
– identification of 648
– identification of 649
– interaction 648
– isolation 633
– modular organization 632
– sequences 635
NRPS investigations 642
– experimental strategies 642–649
NRPS pathways 636
nuclear magnetic resonance (NMR) 45, 93,

353, 380, 477, 510, 645

– paramagnetic relaxation enhancement
effects 510

– structure-activity relationships 525
nucleophiles 13, 14, 413
– (het)aryl stannanes 13
– acetylide 13
– amines 14, 413
– electron-rich N-heterocycles 14
– stannyl acetate 13
– thiolate 13
– thiols 14, 413
– vinyl aryl stannanes 13
nucleophilic addition 14, 196
– amination 41
– reactions 355
nucleophilic substitution process 288
– C–C bond-forming step 288

o
O�Donnell�s imino glycinates 11
O-protected hydroxylamine reagents 129
– use 129
O-sulfonylhydroxylamines 174
– use of 174
olefins 50
– organometallic catalyzed

hydrohydrazination 50
oligonucleotide recognition element 417
oligonucleotide-substrate complex 417
one-pot three component reactions 194
– diastereoselectivity 194
one-pot reaction sequence 224
opal (UGA) stop codon 391
Oppolzer sultam 51
optically active a-aminophosphonates 202
organic bases 180
– amino acid esters 180
– phosphate 180
– phosphine 180
organic reactions 342
organocatalysis 329, 330
– advantages of 330
organocatalyst 313, 314, 316, 329
– advantages 329
– cysteine-derived 313, 314
– direct organocatalyzed Michael
reaction 314

– hydrophobic 316
– structure-toxicity relationship database 329
organocatalytic reactions 283
organosilanes 261
– stability 261
ornithine a-aminoboronic acids 164
– synthesis 164–167
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orphan receptors 597, 624
orthogonal aaRS variants, libraries 390
orthogonal aaRS/tRNA pair 387–390, 395
– heterologous expression 389
orthogonal base-pair technique 400
orthogonal protection strategy 127
orthogonal ribosome/mRNA pair 396–397
orthogonally N1,N2-diprotected a-hydrazino

acids, synthesis 55
oxaziridines 53, 54
oxazolidinyl-phosphonic acid derivative 209
oxazolinone, ring opening 7
oxocarbenium transition states,

stereoelectronic requirement 486
oxyanion hole 478

p
p-chloromercuribenzoate 414
p-methoxyphenylamine (PMP) 299
P-modified reactions, variant 197
paired amino acid-converting enzyme

(PACE) 548
palladium-catalyzed allylic alkylation 16
pancreatic lipase 492, 493
– crystal structures of 493
papain 348, 480, 481
– carboxypeptidase activity 483
– characteristics of 482
– crystallographic data 482
– cysteine proteinase 481
– hydrophobic residues 483
– L-amino acid residues 482
– P1-P2 amide bond 484
Papaya proteinase 480
partial sequence homology 615
PCR assay 647
Penicillium expansum 644
pentapeptide bradykinin-potentiating peptide

(BPP) 5a 559
PEP mutase 190
peptide aldehydes 350
peptide-based enzyme models, catalysis 433
peptide bond 640
– cleavage 354
– hydrolysis, catalysis 345
peptide boronic acids 164, 171
– derivative, enzyme inhibitory profile 165
– inhibition activity 171
– serine proteases binding 164
peptide-catalyzed ester hydrolysis 441
peptide chain backbone 353
peptide foldamers, catalytically active 435
peptide hormones 533, 534, 535, 540, 623
– biogenesis 623

– biosynthesis 535, 540
– prohormone cleavage 542–552
– prohormones production/
maturation 535
– PTMs 552–555
– schematic overview 540
– secretory pathways 540–542
– precursors, phosphorylation 535

peptides 351, 353, 354
– enzymatic synthesis 354–360
– inhibitors 561
– ligation methods 403
– production 353
– scaffolds 462
– signals 616, 623
– systems 459
peptide-matrix complex 352
peptide nucleic acid (PNA) 454
peptide sequence elongation 129
– by Boc solid-phase peptide synthesis 129
peptidic coupling 74
peptidomimetic phosphinates 233, 235
– synthesis 233, 235
peptidomimetics 353
peptidyl carrier protein (PCP) domains 631
peptidylglycine a-amidating monooxygenase

(PAM) 553
peptidylglycine a-hydroxylating

monooxygenase (PHM) 553
peptidyl-a-hydroxyglycine a-amidating lyase

(PAL) 553
perfluoroalkylvinylphosphonates 212
periostat structure 102
peroxidase activity mechanism 462
PGHS activity 104
– pharmacological control 104
– schematic representation 104
PGHS inhibitors 104
– cyclooxygenase (COX) site 104
– peroxidase (POX) site 104
a-peptidic backbone 416
phage-derived promoters 383
Phe analog 386
– 2-naphthylalanine (Nal) 386
phenethyl containing peptides 171
– preparation 171, 174
phenethyl peptide boronic acids 170
– synthesis 170–172
phenylalanines 270
– derivative 12
– silicon-substituted synthesis 270
phenyldichlorophosphine 238
pheromone biosynthesis-activating

neuropeptide (PBAN) 587
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– amphiphylic pseudomimics of 587
phosphate bond 444
– cleavage 444–456
– DNA models 446–450
– in RNA 445
– RNA models 450–456
phosphate bond, hydrolysis 451
phosphate esters 453, 456
– cleavage 456
– transphosphorylation of 453
phosphinimines 212
phosphinopeptide building block 234
phosphinothricin 242
a-phosphonate carbanions 217
a-phosphorylated imines, synthesis 211
phosphinotripeptides, synthesis 231
phosphates, nucleophilic addition 216
phosphoenolpyruvate (PEP)-

phosphonopyruvate rearrangement 190
phospholipases, digestive function 493
phosphonamidate peptides, transition state

analogs 237
phosphonamidate pseudopeptides 236, 237
phosphonamidopeptides, synthesis 237
phosphonate carbanions reactions 206
phosphonium cation coupling agent 113
– BOP, use 113
phosphono/phosphinopeptides,

definition 227
phosphonoacetates 179, 181
– boron analogs synthesis 179–182
– cytotoxicity 181

phosphonodepsipeptides, synthesis 239
phosphonolipids 190
phosphonomethylaminocyclopentane-1-

carboxylic acid 197
phosphonopeptides 9
– antibiotics 190
– fragments 227
– strategies 229
– structure types 229
– synthesis 230
phosphonoxins 243
phosphorus analogs 189, 240
– aminophosphinic acids 189
– aminophosphonic acid 189
photolysis 18
photoreactive amino acids 392
– p-(3-trifluoromethyl-3H-diazirin-3-yl)-Phe

392
– p-benzoyl-Phe 392
physicochemical environment 515
phytosulfokine 611
– nanomolar quantities 611

– receptor protein (PSKR1) 612
– function 612

– role 611, 612
– synthesis 612
pinacol (iodomethyl)boronate 150
– tertiary amines reaction 150, 152
pinane amidoboronic esters 147
– synthesis 147, 150
pinanediol ester 161
– synthesis 161, 162
ping-pong mechanism 345
piperazic acid 37, 40, 61, 62
– cyclization reaction 75
– derivatives 37, 61, 74, 75
– synthesis method 61–62

– L-enantiomer 40
– preparation 62
– residue 38
Piv-Pro-NHAla-NHiPr 40
– X-ray structures 40
plant bioassay 599
– defense proteinase inhibitors (PIs) 599
plant-derived enzymes 348
– bromelain 348
– papain 348
plant growth regulators 614
plant peptide signals 597
– abscission, inflorescence deficient 614, 615
– 4-kDa peptide 615

– CLAVATA3/endosperm surrounding region
(CLE) 605–609

– high-performance liquid chromatography
(HPLC) 597

– introduction 597
– mass spectrometry (MS) techniques 597
– peptide sequences, conserved motifs, and

receptors 600–601
– plant defense 599
– Arabidopsis 604
– AtPep1 604, 605
– hydroxyproline-rich systemin (HypSys)
glycopeptides 603, 604
– systemin 598–603

– polaris 613–614
– precursor proteins 598
– rapid alkalinization factor (RALF) 609, 610
– rotundifolia4/devil1 610
– self-recognition mechanisms 615
– S-locus cysteine-rich peptide (SCR/SP11)
gene 615, 616

– C-terminally-encoded peptide 1 (CEP1) 611
– tyrosine-sulfated peptides 611, 613
– phytosulfokine 611–613

plant regulatory peptides 597

Index j675



– extracellular signals 597
plant regulatory peptide research

methods 616
– ligand fishing 622
– bait receptors 622, 623

– novel peptide signals identification 618
– cell alkalinization assay 618–622

– peptide signaling 616
– peptidomics, use of 622
– systemin, discovery of 617–618
Plasmodium falciparum 244
plastocyanin-cytochrome f complex 511
polar aprotic solvents, chloroform 316
polar solvents 330
– DMF 330
– DMSO 330
polaris peptide 613
polybromo 520
polyethylene glycol-grafted polystyrene

resin 123, 128
– ArgoGel-OH 123, 128
polygalacturonic acid oligomers 617
polyketide/NRP synthetases 636
– adenylation domain substrate

specificity 636
polyketide sythetase genes 645
polymer-bound esters 128
polymerase chain reaction (PCR) 399
polymeric oxime ester 129
– Boc protecting group, removal 129
polymeric resins 124
polypyrimidine-containing

oligonucleotide 417
polystyrene resin 125
porphyrin ring 458
post-translational chemical modification 412
post-translational modification (PTM)

411–414, 535, 552–555, 632
– acylation 554
– amino acids removal 552
– proteolytic processing 541
– pyroglutamylation 554
– techniques 380
– C-terminal amidation 553
– N-terminal truncation 554
predicting association rate enhancement

(PARE) 523
preproproctolin amino acid sequences 579
– N-terminal, alignment of 579
pretranslational modification techniques 380
prior thiol capture method 402
pro-oxytocin 548
pro-oxytocin/neurophysin 548, 554
– converting enzyme 548

– processing domain 564
process catalysts (biocatalysts) 341
processing pathways 543
prochiral hydrazone function 55
proctolin 578, 579
– insect peptide hormone 578
– N-terminus of 579
– preprohormones 580
prohormone 548, 552
– cleavage sites prediction 552
– thiol protease complex 548
– Cathepsin L subunit 548

prohormone convertase 562, 564
– conformational requirements 564
– pro-domains 562
– usage 562

prohormone processing enzymes, cleavage
by 565

prohormones 543, 544
– cleavage patterns 543
– processing scheme 544–547
proline 289, 290, 293, 294, 295, 296, 311, 329
– bifunctional catalysis structure 284
– catalysis pathway 296
– catalyzed carbohydrate synthesis 295
– catalyzed intermolecular aldol

reaction 293, 290, 294
– via enamine mechanism 289, 293

– derivatives 329
– functions 293
– potential catalysis intermediates 284
– tetrazole catalyst 311
proline a-aminoboronic acids, synthesis 155
proline-containing diketopiper-azines 18
(S)-proline 288, 291, 315, 319, 323
– catalyzed cycloaddition methodology 323
– catalyzed intermolecular Aldol

reactions 291
– catalyzed intermolecular Michael

additions 315
– catalyzed reaction 288
– use 319
promoter trap strategy 614
proprotein convertase 543, 548, 549, 550
– amino acid-specific members 548, 550
– schematic domain structure 550

– maturation 550
– prohormone cleavage involvement 543
– kexin 9 (PCSK9) 480
proprotein convertase inhibitors 561–565
– endogenous protein inhibitors 562
– peptide inhibitors 563
– Ki values 563

prostaglandin G2 (PGG2) 104
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prostaglandin H2 synthases (PGHSs) 97
prosystemin 602
– cauliflower mosaic virus 35S

promoter 602
– importance of 602
– tomato plants 602
protease 233, 345, 356, 357, 360, 530
– automated screening 360
– cleavage 556
– investigation methods 556

– groups 345
– penicillin acylase 233
– phosphodiesterase 233
– role 350
– usage 350
protease biocatalysts 358
protease-producing genes 360
protease recognition sequence 404
protected a-hydrazino esters 53
– synthesis 53
protein 401, 407
– average length 401
– de novo design 433
– functional 457
– semisynthesis 407
– solution structure 462
– structural reorganization 460
protein biosynthesis 491
protein data bank (PDB) 506
protein engineering 342, 349, 379
– directed evolution by tandem

mutagenesis 342
– gene-shuffling 342
– ligase-assisted recombination 342
– site-directed mutagenesis 342
protein expression 384
– vectors series 383
– pET 383
– pQE 383
protein flexibility 526
protein folding 517
– scaffolds 521
protein fragments 446
protein interactions measurment 509, 512
– affinities measurement 514, 515
– binding affinity, modulation of 515
– discovering/establishing 512, 513
– stoichiometry measurement 513, 514
protein kinases 476, 488
– physiological protein substrates 476
– physiological substrate 490
– remote binding sites 476
– RXL/KXL motif 489
– classes of 488

– phosphoryl transfer 488
– mechanism of 488

protein ligation 380
protein molecules see enzyme
protein production technologies 489
protein-DNA interfaces 506
– hydrogen bonds 507
protein-DNA recognition 505
protein–nucleic acid interactions 506
– modularity 507
– water 507
protein-protein interactions 416, 505, 506
– computational algorithms 523
– hotspots 509
– large planar surfaces of 526
protein-protein interfaces 506
– chemical properties of 506
– enzyme active sites 507
– hydrogen bonds 507
protein recognition 505
– coupled folding and binding 515
– disorder, advantages of 516–518
– diversity 518–519
– intrinsically unstructured proteins,
characteristics of 516
– introduction 515

– post-translational modification (PTM) 505
– protein-protein interactions 521
– allosteric Inhibitors 526, 527
– flexibility 526
– optimization 523
– small-molecule inhibitors 524–526

– protein engineering 521
– binding functionality 521–523
– DNA-Binding 523, 524

– protein interactions 509
– introduction 509–510
– irreversible interactions 510
– measurment 512–515
– regulatory interactions 510, 511
– ultra-weak 511, 512

– protein interfaces nature 506
– binding sites, characteristics of 506, 507
– hotspots 508–509
– modularity and promiscuity 507–508

– PTMs 519
– and domains 519
– histone modifications 520, 521
– histones 520
– interactions, regulation of 519
– types of 519

protein-splicing domain 405
protein-splicing mechanism 405, 406
protein-splicing structures 406
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protein splicing 404
protein substrate, cleavage of 479
protein synthesis 381
protein thioesters 409
proteinase inhibitor-inducing factor (PIIF)

617
proteinase inhibitor (PI), production 617
proteinogenic a-amino acids 52
– electrophilic amination 52
proteinogenic amino acids 385, 397
proteins 510
– CBP/ACTR 518
– gyration, radius of 517
– nonantibody scaffolds 522
– regulatory functions 510
– gene expression 510
– intracellular signaling 510

proteins 457, 459, 513, 554
– iron porphyrin binding model 457
– molecular weight of 513
– N-terminal acetylation 554
– natural 457, 459
proteolytic enzymes 146, 345
– serine proteases 146
– small-molecule inhibitors 146
– characteristics 345–348
– mechanisms 345–348
protic solvents, ethanol 312
protozymes, development 438
pseudopeptide, desiging 233
psychrophilic proteases 348
pyrazole, regioselective synthesis 78
pyridoxal phosphate enzymes 35, 36
– g-aminobutyric acid (GABA)

transaminases 36
– aspartate aminotransferase 36
– histidine decarboxylase 36
– inhibitors 35
– mesodiaminopimalate decarboxylase 36
– ornithine decarboxylase 36
pyroglutamate aminopeptidase 392
pyrrole-2-carbaldehyde Pa 401
pyrrolidine ring 283

r
rabbit reticulocyte cell-free translation

system 392
racemic boraalanine 151
radical additions 15–17
Raney nickel 63, 211
rapid alkalinization factor (RALF) 609
– Arabidopsis/tomato plants treatment 609
– ectopic expression 610
– gene databank 609

– HPLC peak 609
Rayleigh scattering 513
reaction media 315, 330
– ionic liquids 315, 330
reaction medium 413
readout systems 555–557
– cleavage reaction observation 555
receptor-fusion protein 623
receptor-ligand pairs 622
receptors, class 533
recombinant DNA technology 350
recombinant fusion protein, treatment 404
recombinant inteins 409
– Mth RIR1 409
– Mxe GyrA 409
– Ssp DnaB 409
recombinant protein 384
red-shifted fluorescent dyes, rhodamine 556
redox potential 459, 460, 463, 464
reducing agents 414
– borohydride 414
– sodium cyanoborohydride 414
regiospecific hydrolysis 350
release-inhibiting factors, statins 534
release factor 381
renal tubules, see Malpighian tubules
renin-angiotensin system 558
repressed promoter 383
residue-specific modifying reagents 412
resin bound esters, nucleophilic cleavage 121
resins 124
– 2-chlorotrityl chloride polystyrene 126
– chloro-functionalized 124
– HOBt polystyrene, recycling 129
– oxime polystyrene resin, 128. see alsoKaiser

resin
– peptide, deprotection 127
– polyethylene glycol grafted polystyrene 126
– polymeric 124
– rink acid 124
– sasrin 124
– trityl-based 124
– Wang 124
resin-immobilized Fx, see flexiresin
restriction enzymes 446
retro-Michael reaction 213
reverse phase high-performance liquid

chromatography (RP-HPLC) analysis 557,
644

reverse transcription-polymerase chain
reaction (RT-PCR) 644

– analysis 610
reverse turns 416
reverse/retro-hydroxamates synthesis 117
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RF-ribosome interaction 381
Rhodococcus rhodocrous 342
ribo-X 396, 397
ribonuclease 451
– activity 451
– nanoparticle-based 455
– RNase A 451
– catalytic mechanism 451

– RNase S-protein 451
ribozyme 392, 394, 396
– evolution 394
– recognition motif 396
rink acid resin 124
RNA 445, 450, 453, 454, 456, 535
– cleavage 454
– dinucleotides 456
– heterogeneous nuclear 535
– hydrolysis 445
– polyanionic substrate 453
– ribosomal 451
– single-stranded 451
– transactivation responsive (TAR)

model 454
RNA library 395
RNA ligation 401
RNA models 450–456
RNA variants 395
RNAs, hydrolysis mechanism 451
RNase mimic system 452
Robinson-type annulation 285
Robinson annulation sequence 286
– (S)-proline catalyzed 286
Robinson reaction 286
– 6-(enolendo)-exo-trig asymmetric 286
Rosenmund-von Braun reaction 326
Rotundifolia4 (ROT4) gene 610
– overexpression 610
– protein encoded 610
RXPA380 560
– cocrystallization study 560

s
S-adenosylmethionine (SAM) 634
S-alkylation 5
S-butyl-Cys50 mutant 418
S-locus cysteine-rich peptide (SCR/SP11)

gene 615
– proteins 616
S-locus glycoprotein (SLG) gene 616
S-locus receptor kinases (SRKs) 616
Saccharapolyspora erythraea 641
Saccharomyces cerevisiae 387
SAHA synthesis 107, 108
Salmonella typhimurium 153

– D-alanine/D-alanine ligase from 153
Sanglifehrin 38
Sasrin resin 124
scandium triflate 201
Schöllkopf�s reagent 271
– alkylation of 265
Schmitz oxaziridine 53
SDCM method, advantage 417
second-generation library 462
secondary metabolites, see antibiotics
secretory pathway 542
– secretory granules 542
– depot pool 542
– secretory proteins 542

Selenium-containing proteins 380
Seleno amino acids 5
self-aminoacylating RNA 395
self-assembled monolayers (SAMs) 440
– advantage 440
self-recognition mechanisms 615
semisynthetic enzymes 415
– definition 379
– examples 415–418
semisynthetic protein, synthesis

methods 382
sense codons 381
– reassignment 380–385
sequential ligation strategy 411
sequential synthesis 352
Ser/His/Glu catalytic triad 493
serine carboxypeptidase 477
serine protease inhibitors 159
– catalytic site-directed moiety 159
serine proteinases 345, 346, 476
– atomic resolution 477
– catalytic Cys-His-Asn 481
– catalytic mechanism 346
– chymotrypsin 478
– inhibitor-2 562
– structural classes of 477
– chymotrypsin-like 477
– subtilisin-like 477

– substrate recognition 478
Sfp-type enzymes 642
Shine–Dalgarno (SD) sequence 396
shoot-apical meristem (SAM) 605
short peptide inhibitors 564
Si–C bond stability 272
sialic acids, phosphonate acid analogs 225
sialidase inhibitors 225
side-chain selective reagents 412
siderophores 95, 96
– antimicrobial agent 97
– applications 96
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– feature of 96
– iron-containing 96
– transport of 96

– natural/synthetic 97
– solid-phase synthesis 124
signal transduction pathway 613
signaling pathways, intervention 561
signaling/nonsignaling binding

interactions 484
– pH-k profiles 484
silanes 269
silanols 262
silica-supported NH4HCO3 196
silicon 261, 262
– electronegativity 261
– nontoxic nature 261
– substitution 262
– consequences 262
– steric/lipophilic effect 262

– use of 261
silicon-containing amino acids 261, 263,

271
– chemistry 261
– experimental procedures 276–278
– reactions 271
– functional group Protection 272

– sterics/electronics 262
– synthesis 263
– a-silyl amino acids/derivatives
synthesis 263
– amino acids synthesis 269
– b-silylalanine/derivatives synthesis 263
– proline analogs synthesis 269
– silyl-substituted phenylalanines
synthesis 269
– stereoselective method 263
– o-silyl amino acids/derivatives
synthesis 267

silicon-containing renin inhibitor 273
silicon group 271
– lower steric impediment 271
silicon-substituted amino acids 272
– bioactive peptides 272
– b-silylalanine use 272
– N-silylalkyl amino acids use 274
– silaproline use 274

b-silylalanine 266
– Trost/Lee�s umpolung approach 266
o-silyl amino acids, approaches 268
a-silyl amino acid derivatives 272
– instability of 272
a-silyl-a-amino acids synthesis 264
silyl enol ethers 58, 207
silyl methyl-substituted peptides 274

– reactivity, electrochemical/chemically
oxidative conditions 274

Sinapin alba 486
single peptide hormone, functions 535
site-directed mutagenesis 344, 349, 358, 360,

390, 412, 415
– (SDCM) strategy 415
small-molecule synthetic inhibitors 99
– design strategy 99
small-size peptides 359
SN2 reaction 107
solid-phase methods 159
solid-phase peptide synthesis (SPPS) 351
– advantages 351
– program 269
– systems 351
solid-phase reactions 106
– standard analytical techniques 106
solid-phase synthesis 121, 122, 127
– advantages 121
– agitation method 122
– limitations 121
– resins 121
– use 121

– solid-supported reagents 121
– techniques 73, 130
solid-phase synthetic strategies 130
solid-state 31P-NMR cross-polarization magic

angle spinning technique 192
sorting by retention hypothesis 542
sorting for entry hypothesis 542
spectrophotometric assay 555
sperm binding JH synthesis 580
Sphingidae, see Manduca sexta
splicing mechanism 405
split-and-pool protocol 450
SPPS, strategies 352
standard analytical techniques 106
– NMR spectroscopy 106
– thin-layer chromatography 106
stereoselective C–P bond-forming

reaction 200
stereoselective/catalytic enantioselective

Mannich-Type reaction 58
stereoselective/catalytic enantioselective

Strecker reaction 56
Stille couplings 13
stop codon, see nonsense codons
Strecker reaction 227
streptavidin 395
streptavidin-allophycocyanin conjugate 642
Streptomyces coelicolor 634
Streptomyces griseus trypsins 479
Streptomyces hygroscopicus 190
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Streptomyces noursei 649
Streptomyces purpeofuscus 36
Streptomyces verticillus 642
Streptomyces viridochromogenes 227
structure-activity relationships 157
structure-based drug design, pharmacophore

model 561
suberoylanilide hydroxamic acid (SAHA),

structure 103
substrate-binding constant 440
substrate engineering 358
substrate recognition 476
– aaRSs 490–492
– by kinases 488
– catalytic mechanism 478, 483
– chymotrypsin 482
– cysteine proteinases 480–485
– depends on 482
– electrostatic effects 480
– enzyme catalyzes nucleophilic attack 474,

476
– glycosidases 486
– glycoside hydrolases 485–488
– investigation of 479
– key binding interactions 480
– kinetic analysis 479
– lipases 492, 493
– molecular recognition processes 473
– peptide substrates 479
– protein kinases 488–490
– serine proteinases 476–480
b-substituted derivatives 12
subtilisin-inhibitor complexes 478
– crystal structures of 478
subtilisin 350, 358
– inhibitor 478
succinimidyl esters 413
sugar ring 487
sulfhydryl group 345
sulfonamide hydroxamic acids synthesis

108
sulfonium salts 5
sulfonyl chlorides 413
sulfo succinimidyl esters 413
super acid-sensitive linkers, solid supports

124
supercritical fluids 354
suppression techniques 387
surface plasmon resonance 514
syn-1,2-amino alcohols 302
– direct Mannich reaction 302
synthetic catalyst, aspect of 446
synthetic catalytic pores, self-assembly 439
synthetic peptide insert 411

synthetic systems 433
systemin 599
– 18-amino-acid peptide 599
– endoplasmic reticulum 602
– Golgi-dependent post-translational

modifications 602
– JA-Ile 603
– membrane receptor 602
– mitogen-activated protein (MAP)

kinase 603
– palindromic sequence 602
– protein binding 602

t
tBoc/Bzl multiple peptide synthesis 353
T cell activation 244, 526
template dependent T7 RNApolymerase 401
template-mediated ligation method 402
tepoxalin, structure 109
tert-butyl hydroperoxide (TBHP) 5
tethering strategy 525
– schematic illustration of 525
tetraethyl o-aminoalkylidene-1,1-

bisphosphonates 224
tetrahydrofuran 19, 210
tetralkyl ammonium salt 54
tetratricopeptide 522
textile industries 342
thermodynamic analysis 512
thermodynamically controlled synthesis

(TCS) 354
– advantages 354
– drawbacks 354
thermophilic proteases 348
Thermus aquaticus (Taq) DNA 399
– Klenow fragment (KF) 399
Thermus thermophilus 491
thioester-linked intermediate 403
thioesterase domains 631
thiolation domains 635, 638
thiolation domains, see peptidyl carrier protein

(PCP) domains
thiols, dithiothreitol 407
thiol-reactive reagents, alkylating

reagents 414
thiol-subtilisin 380
thionyl chloride 237
three-base codons 399
three-component reaction 195, 232
– condensation 193
– system 197
three segmental fusion proteins 407
thrombin inhibitor 157, 159, 162, 274
– synthesis 159
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tissue-specific processing 551
tissue hormones 533
tissue peptidases 587
– pGlu-Arg-Phe-Ser-Aib-Trp-Gly-NH2 587
TMS-activated H-phosphinic acids 234
tobacco etch virus (TEV) 404
– Cys protease 404
trans-(�) l,2-acetamidocyclohexanol 435
– kinetic resolution 435
– stereoselective acylation 435

trans-Golgi network 535, 540, 542, 553
trans-thioesterification 404
– reaction 403
transferrin-mediated iron uptake 641
transient electron-transfer complexes 511
transition metal-catalyzed modification

415
transition metal ions 95
translation 381
trialkyl phosphites 199, 223
triazine derivatives 110
trifluoroacetic acid 123, 351
triisopropylsilyl 46
triketones, intramolecular aldol

cyclization 287
b-trimethylsilylalanine 265, 266, 273
– asymmetric synthesis 265
– bioactive peptides 273
– enantioselective synthesis methods 266
– racemic 265
trimethylsilyl (TMS)-phosphite 220
tripeptide RGD (Arg-Gly-Asp) amide 360
tris-ethyleneglycol methyl ether (TEG) 441
– units 443
trityl-based resins 126
trityl linker, solid supports 125
tRNA 392, 395
– chemical acylation 392
– identity elements 387
– library 389
– mischarging 395–396
tRNA aminoacylation 490, 491
– enzyme-aminoacyladenylate complex 490
– stages 490
tRNA substrate 491
– electrostatic interactions 491
trojan horse 97
– antimicrobial prodrugs delivery 97
truncated protein 397
trypanosomi cruzi 487
trypsin-like serine proteases 167
– plasma kallikrein 167
– plasmin 167
– thrombin 167

tryptophan-heme interactions 459
tumor necrosis factor 97
tumor suppressor p53 524
Tyr50, mutation 418
tyrosine, binding of 492
tyrosine kinases possess 488
tyrosine residue, sulfation of 577
tyrosine-sulfated peptides 613, 621
tyrosyl-tRNA synthetase 491, 492
– crystallography 492
tyrosylprotein sulfotransferase (TPST) 612
– Golgi-localized 612

u
UDPGalNAc transition state analogs 243
ultra-weak complexes 511
undistorted glycosyl-enzyme 487
– nucleophilic attack 487
unsaturated nitroso ester intermediate 269
– hetero-Diels-Alder reaction 269
US Food and Drug Administration (FDA)

97
a,b-unsaturated carbonyl compounds 51
– stereoselective a-hydrazination 51
a,b-unsaturated ester 324
a,b-unsaturated imides 44
– hydrazines, enantioselective conjugate

addition 44
a,b-unsaturated isocyano acetates 11
uronium coupling reagent 113
– HATU 113
– chemical structures 114

v
valyl-tRNA synthetase 490
– isoleucine, activation of 490
van der Waals contacts 511
vascular endothelial growth factor 522
vinyl phosphonate 213, 214
vinyl phosphorus derivatives 212
– reactivity 212

w
Wang resin 122, 123, 126, 126
– developement strategy 126
water-soluble carbodiimides 412
water-soluble model systems 462
water-tolerant catalysts 196
Watson-Crick base pairs 386
Western blotting 646
Wieland–Miescher ketone 286
Wilkinson�s catalyst 19
Wittig reagents 9
wobble base pair 386

682j Index



x
X-linked inhibitor of apoptosis (XIAP) 522
X-ray absorption spectroscopy study 94
X-ray crystallography 477, 482
– oligopeptides 482
– chloromethylketone derivatives of 482

X-ray photoelectron spectroscopy 94

y
yeast nucleus 512
yeast transcription factor 512
yeast two-hybrid (Y2H) 512
ytterbium triflate 201

z
Zimmerman-Traxler-type transition state

293
zinc-binding group (ZBG) 99
– hydroxamic acid 99
zinc finger 446, 447, 451
– applications 451
– peptides 451
– targeter 524
zinc glycoprotein, chloride-dependent 559
zirconium imine complex 263
zirconocene species, synthesis from 172–174
zwitterion 146
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