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lipolase 313
lipopeptide surfactin 497
Lisianthius nigrescens 834–835
liquid chromatography (LC) 114,

264–266, 669
liquid–liquid extraction (LLE) 263
lithium acetate method 737
lovastatin 653, 779–780
low resolution mass spectrometry

269–270
Lpd1 740
lycopene, in S. avermitilis 667
L-lysine 110, 357, 359, 361, 364,

403–405, 413, 415–416,
419–423, 425–426

lysophosphatidate acyltransferase
(LPAAT) 204–205

m
machine learning approaches 241, 242,

249, 660
maize 806, 821
malate synthase 472, 697, 810
malate–pyruvate–oxaloacetate cycle

approach 749
malic acid production 703–704

A. oryzae 779
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sugar 554

metabolite extraction 8, 262
metabolomics 8, 113, 259

analytical techniques
sample preparation 262–264
separation techniques 264–267

applications 281–285
calibration curves 261
challenges 259
data analysis 272–277

and interpretation 277–279
engineer medium composition 285
experimental design 260
improving stress tolerance 284–285
internal standards 261
pathway design by thermodynamic

analysis 281–283
reduction of side products and

metabolite damage 284
sequences and standards 261–262
targeted and untargeted 260–261

metabolons 825, 831–833
MetaCyc 101
metallo-proteome 43–45, 55
meta-organismal catalysts 875
methotrexate (MTX) inhibits 317
methyl anthranilate 366, 404
2-methyl-D-erythritol 4-phosphate

(MEP) pathway 822
methylerythritol-4-phosphate (MEP)

355
mevalonate (MVA) pathway 354, 355,

822
in S. cerevisiae 714
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pravastatin 781
precursor compound 237, 242, 243,

253
P43 reference promoter 491
prenyl transferases 822
principal component analysis 55, 278
pristinamycin 663, 664
pro-vitamin A 820
productivity of genome-reduced strains

477–478
profile likelihoods 89
proinsulin 720, 721
promoters 627–630
promoters, in actinomycetes 667
1,2-propanediol 428, 432, 706
1,3-propanediol (1,3-PDO) 360, 362,

363, 375, 377, 428, 430, 432,
519, 585, 586

protein precipitation 262, 263
protein sequence 47, 244, 246
protein structures 35, 47, 50, 55, 57,

632, 782
protein-based biopharmaceuticals 371
proteinogenic amino acids 112, 114,

115, 116, 403, 406, 419, 655,
657

proteome constraints
coarse-grained integration of

139–144
fine-tuned integration of 144–150

proteome-constrained models
(pcModel) 144, 145, 147,
150, 168

protospacer adjacent motif (PAM)
sequence 308, 309, 407, 620

Prunus dulcis 818
Pseudomonas putida 473, 528

EDEMP cycle 524
in silico analysis 522
in silico metabolic potential 522
aromatic molecules, production of

532–534

biosynthesis of natural products 534
carbon substrate range, expansion of

529–530
characteristics of 521–522
CRISPR/Cas–based gene editing

techniques 526
features 529
genome-reduced variants 528–529
glucose uptake 523
glycerol metabolism 523
high-efficiency multiple genomic site

engineering (HEMSE) of 526
nutritional landscape 530
organic acids, production of 533
oxygen-dependent lifestyle

engineering 530–532
solvent-tolerant strains 521
substrate utilization and core

metabolism 522–524
synthetic biology tools for 524–528
taxonomic credentials 521
xylose catabolism, pathways for 523

Pseudomonas putida KT2440 357, 519
ptb 619, 627
putative BCAA permease 496
putrescine 359, 360, 361, 412, 423
pyrazines 433
pyruvate 741

-acetaldehyde-acetate-AcCoA route
756

and α-ketoglutarate production 740
pyruvate decarboxylase negative strain

(PDC) 704, 705

q
quadrupoles 269–271
quantum mechanical/molecular

dynamics (QM/MD) 216
quasi-steady state assumption (QSSA)

25, 174
quenching 110, 114, 262, 281, 811, 830
quorum sensing systems 876

r
random mutagenesis 12, 304, 378, 419,

491, 532, 566, 567, 615–617,
670, 781



Index 911

rate expressions 153, 156–166, 163,
164, 167, 168

rate–limiting steps 173, 365, 721
rational metabolic engineering 9,

10–11, 613
reaction directionality 214, 242
reaction prediction 237, 240–241, 242
reaction reversibility 214
Recombinant DNA Biotechnology III +

The Integration of Biological
and Engineering Science 3

recombinant DNA technologies 3, 862
recombinant proteins 371, 372, 404,

436, 718–723, 828, 830
recombinant protein production

membrane proteins 371, 372, 373
protein-based materials 374
therapeutic proteins 371–373

recombinant RNA 437
Recombinase-Mediated Cassette

Exchange (RMCE) 319, 320
recombineering based genetic

engineering, in LAB
561–562

reduced-genome variants, of P.
taiwanensis VLB120 529

RelA/SpoT homologues 471
renewable biofuels 342
Repeat Variable Diresidues (RVDs)

306, 307
reporter-guided mutant selection

(RGMS) 670
repression under secretion stress (RESS)

778, 782
rep60-specific sgRNA 487
resveratrol 369, 418, 818
retention time 264, 266, 272, 274, 276
(S)-reticuline derived morphine type

alkaloids 824
retrobiosynthesis 241–242, 243, 251
retrobiosynthetic approach 115, 243
reverse catabolite repression strategy

523
reverse-phase liquid chromatography

(RPLC) 265, 266, 268, 276,
283

reversible Michaelis–Menten equation
181, 182

rhamnogalacturonan 813
Ribo-seq 61
ribosomal binding sites (RBSs) 433,

667, 668, 871
ribosomal proteins 147, 473, 476
riboswitches 493, 634, 670, 865
ribozymes 316, 312
ribulose-1,5-bisphosphate 808, 809

carboxylase-oxygenase (Rubisco)
808

rice 571, 778, 806, 809, 816, 818, 820
RNA sequencing 48, 51, 53, 61, 405
roseoflavin 578
RPLC 265, 266, 268, 276, 283
rRNAs 473
16s rRNA-based unrooted phylogenetic

tree, of LAB 552–553

s
SABIO-RK13 161–162
Saccharomyces cerevisiae

alkaloid compounds production 710
aromatic amino acids 708
commodity chemicals production

diols 706
organic acids 702–705

cytosolic fatty acid synthesis 699
fatty acid synthesis 699–700
fatty acids synthesis 699–700
first-generation bioethanol

production 691–694
flavonoids biosynthesis 710
higher alcohol production 695–697
history 689
insulin analogue expression 721
mevalonate and sterol pathway

713–714
monoterpenes, triterpenes, and

isoprenoids production
716–718

phenylpropanoids production
706–710

protein secretory pathway 718–719
recombinant proteins production

718–723



912 Index

Saccharomyces cerevisiae (contd.)
second generation bioethanol

694–697
timeline 690
virus like particles in 721–723
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