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(6PGDH) 55, 248

3-phosphoglyceraldehyde dehydrogenase 44

2-phosphoglycerate (2PG) 43, 55

3-phosphoglycerate (3PG) 43, 55

3-phosphoglycerate kinase 44

phosphoglycero mutase 44

phosphohexose isomerase 44

phosphorylation. See oxidative
phosphorylation; substrate-level
phosphorylation

PID controller, drawback of 455, 456

plant-wide control design 458

plug flow reactor (PFR) 321, 322, 332, 336, 337

pO; electrode 417

poisoning 428

polyacrylamide gels 396, 397

polymer-grade succinic acid

— production by gypsum process 517

— production economics of 516

polymerization 57, 76

positive cooperative enzyme 192

post-translational modification 236, 238

precursor metabolites, from primary
pathways 60

price/volume, nature of 502

primary metabolic pathways 40

— biochemistry of 59-61

process analytical technology (PAT) 412, 433

process analyzers 412

process control system 439

Process evaluation research planning (PERP)
reports 506

process operation 236

process validation 433

product candidate, selection process 541

productivity 34,72, 82, 166, 269, 332, 334, 340,
347, 349, 503, 514, 518, 521

— and biomass concentration 513

— maximum 327-329

— optimal 330, 458

— volumetric 15, 326, 353, 368, 443, 445

product recovery

— a-A interferon from Escherichia coli
386-390

— baker’s yeast 383, 384

— downstream processing, steps 383

— goal of 381, 382

— insulin 390, 391

— penicillin 385, 386

— xanthan gum 384, 385

productstat 449

proline 55, 56

promoter 253, 272

1,3 propanediol 31, 43, 44, 52, 477, 500, 521,
525, 527, 528, 531, 534, 540

propylene 520

protein biosynthesis 238

Pseudomonas alcaligenes 485, 486

pseudo-plastic fluids 478

pseudo-steady state, of reaction 186

purine salvage pathway 246

pyrroloquinone (PQQ) 46

pyruvate 43-45, 48-56, 60, 66—68, 74, 77, 83,
85, 86, 166, 301, 358

pyruvate carboxylase 51

pyruvate decarboxylase 271

pyruvate dehydrogenase 51

pyruvate kinase 44, 131, 244, 271, 301

q
QbD, for data evaluation 433
quasi-parallel resistor 423
quasi-steady-state conditions 238
quenching 236, 240

— simultaneous/sequential 240

r

Raman spectroscopy 432

rate constant 8, 185, 186, 190, 209, 218, 221,
222, 227, 259, 260, 338, 354, 443

reaction kinetics 187, 202, 259, 264, 268, 295,
482

reaction rates and stoichiometry,
calculations 9

— activity coefficient 13

— in aerobic cultivations 11



— anaerobic fermentation 9, 10
— based on key reactant 9-11
— black box stoichiometric equation 10
— error in calculation of rates 10, 12
— fundamental balances, usages 11
— rate of production of ethanol 10
— rates of transfer of oxygen and carbon
dioxide 11
— for reaction species, in gas phase and in liquid
phase 11-13
— yield coefficients 9
reactors. See batch reactor; continuous stirred
reactor (CSTR); loop reactor; plug flow
reactor (PFR); sequential batch reactor
(SBR); stirred tank reactor (STR)
real-time measurement/monitoring, of
bioprocesses 411
— biomass concentration 422
— — IR active molecules in solution/
suspension 431, 432
— — number concentration, scalar
variable 422-425
— — particles/particle-associated compounds,
population distribution of 425-427
— — products and substrates 427-431
— — volatile components 432, 433
— data evaluation 433, 434
— fed-batch process 412
— integral variables 412
— in situ microscopy 412
— in situ sensors and automated instrumental
analytical methods 412
— variables 414, 415
— variables easily accessible and standard
415-422
recombinant DNA technology 276
redox balance 20-22
— applications 23, 24, 34
— — oxalic acid as by-product in 25-27
— — typical systematic error 24, 25
— yields 37
redox carrier, NADH 44, 46
redox content of reactants, calculation 298
redox-neutral compounds 20
redox packages 40
reduction
— of biomass 26
— degree of 25-28, 36, 37
— of glucose 21
— nitrate 309
— optimal 332
— price 527, 537
regulation 156, 244, 252, 280
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— at metabolic level 238

— transcriptional 155, 163

— in vivo regulation of PFK1 253, 255
reproducibility

— in biochemical batch operation 450
— indication for 422

resin

— degree of cross-linking 400

— particle size distributions 400
respiration 58

respiratory quotient 23, 24
retentostat 449

retrofitting 494

— of large-scale bioreactor 491

return on investment (ROI) 514
reversed phase liquid chromatography 391
reversible enzyme-catalyzed process 186
Reynolds number 362, 402
ribose-5-phosphate 55
ribose-phosphate isomerase 55
ribulose-5-phosphate 55
ribulose-phosphate 3-epimerase 55
RQ value 434

Rushton impeller 469, 485

Rushton turbines 362, 364, 491

S

Saccharomyces cerevisiae 46, 57, 59, 241, 361,
442, 480, 488, 524

— anaerobic fermentation of 79-81, 86

— dynamic model of central metabolism of 257

— fermentative pathways 48

— genome-scale models 161-163

— glucose-6-phosphate in 251

— — penalized regression spline 251

— glycolytic enzymes in 274

— metabolite concentrations during stimulus—
response experiments with 242

— optimal ethanol production in 268

sampling 238-240

— based on stopped flow method 239

— devices 236

— features of device, characterized as
239, 240

— frequency 236

— fully automated 238

— integrated system with heat exchanger and
robotic system 239

— limitation of technique 240

— manual 237

— semiautomated 238

— techniques

— — disadvantage of 239
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— — for measurement of intracellular
metabolites 237

scale down 464, 480-485

— gluconic acid fermentations 486

— lab-scale experiments 485, 486

— large-scale fermentation 484

— mathematical modeling 485

— one-compartment systems 482-484

— root-cause analysis 487

— two-compartment systems 484, 485

scale-down

— approach 464, 465

— simulators 485

scale up

— biomass yield on glucose 492

— chromatographic purifications 401, 402

— large-scale bioreactor, retrofitting of 491

— oxygen concentration gradients 494

— quality/nature of feedstock 492

secondary metabolic pathways 40

sedoheptulose-7-phosphate 55

separation factor 395

sequential batch reactor (SBR) 442

sequential injection analysis (SIA) system 423,
428

several steady-state CSTRs

— optimal combination, of two steady-state
CSTRs in 329

— — feed rate 332

— — kinetics of reaction 329

— — mass balance 330

— — productivity 332

— — quality improvement 330

— — specific growth rate 331

— in parallel or in series, combination of
329

shear rates

— average/peak, estimation of 479

— gradients 478

sieve-like resin 395

simulation 133

— advanced simulation software 506

— INST ILE simulation of E-isotopomer
fractions 128

— for the inverse direction 112

— isotope labeling experiment 109, 110

— Monte Carlo 482

— numerical 223

single-cell protein (SCP) 358

single-compartment models

— advantage of 483

single parameter models 481

single steady-state CSTR

— lactic acid production from lactose and using
a membrane filter 335, 336

— plug flow reactor installed after a steady-state
CSTR 336, 337

— recirculation as a means of improving
capacity 334, 335

— recirculation of biomass in 332-334

SMART milestones 503

soft(-ware) sensors 419

solubility 294, 304

solute diffusion 400

spectral analyzers 434

spectral information cocktail 431

SP pathways 62, 63, 66, 79

— to biomass 81

— internal pathway fluxes 88

— more than one substrate 84—88

— pyruvatedehydrogenase 67

— pyruvate formate lyase 67

— stoichiometry 64, 83

stability

— biological 236

— improved resin 393

— of microorganism 507

— proteins 401

steady-state aerobic cultivation 16

steady-state CSTR

— operation 13-16, 322

—— accelerostat 15

— — auxostat 15

—— chemostat 15

— — control/monitor of variables 14, 15

— — mass transfer coefficient 14

— — “pathological” situations 15

— — production rates 13

— — productostat 16

—— Ruston turbine design 14

— — turbidostat 16

— uptake of O, and reaction

— — with methanol in single-cell biomass

production 338, 339

— with uptake of substrates from a gas
phase 338

steady-state flux distribution 234

steric mode 427

sterilization, industrial bioprocess 440

stimulus—response experiments

— activation of purine salvage pathway 245

— analytical methods for measurements of
243

— changes of levels of adenine nucleotides, after
glucose pulse 243

— drop of ATP concentration 245



— dynamic response of adenine nucleotides due
to 244

— important energy metabolism 245

— integrating computational fluid dynamics
(CED) 244

— quantitative measurements of
metabolites 242-245

— Saccharomyces cerevisiae, metabolite
concentrations during 242

“stimulus—response methodology” 236

stirred tank reactor (STR) 321, 465

— baker’s yeast production in continuous CSTR

— — vs. fed-batch production 349

— design of a fed-batch process

— — for baker’s yeast production 342, 343

— fed-batch operation 188,339-341, 343-345,
348, 349

— production of succinic acid in a fed-batch
process

— — vs. steady-state CSTR 345-348

stoichiometry 81, 83, 89, 91, 99, 104, 117, 132,
146, 202, 338, 345, 477, 520, 523

— coefficients calculations, by means of a redox
balance 20-22

— construction, changes continuously with
operating conditions 33, 34

— experimentally determined 31-33

Streptococcus mutans 54

Streptomyces clavuligerus 482

styrene polymers 397

substrate

— consumption 196

— inhibition 190

— steady-state profiles of 447, 448

— utilization 188

substrate-level phosphorylation 45, 58

succinate dehydrogenase 51

succinate thiokinase 51

succinic acid 41, 51, 52, 55, 61, 69, 70, 81, 86,
510, 511, 521, 525, 526, 527, 534-536

— biomass growth with 81, 82

—and 1,4 butane diol on glucose,
determination of yield 69-77

— flux through internal pathways in 91-93

— industry 539

— kinetics of production from glucose 197-201

— market, Porter’s five forces model 538

— production, scenarios of 512

— yield 513

succinyl CoA 49, 51, 60, 86

sugar, product yields 489

S-sulfonate 390

Super-Pro Designer 506
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t

TCA cycle 40, 50-56

— glucose oxidation to 492

— precursor metabolites from 60
techno-economic analysis 506, 507, 526, 534
thermal stability 236

thermodynamic limitation 295
thermodynamic properties

— for bioreactions 298

— from galvanic cells 305-307

— — bio-thermodynamics 306

— — calculation of free energy 307-309

— — chemical thermodynamics 306

— — electromotoric force 306

— — half-cell potentials 307
thermodynamic state functions 296
threonine 55

time-of-flow method 425

total organic carbon (TOC) 35

tracer experiments 360

transaldolase 55

transamination reaction 53

transcription process 236

transfer function models 445

transient *C flux analysis 283
transketolase 55

translation process 236

triosephosphate isomerase 44

Triton X-10/100 389

trp operon 280

tryptophan 280

— improvement of production achieved by 279
— synthesis rate, optimization criterion 278
tubular flow 402

turbidostat 449

turbulence, Kolmogorov microscale of 479

u

ultraperformance liquid chromatography
(UPLC) 429

uncompetitive mechanism 190

unit enzyme 185

v

value chain analysis 530

value proposition 529

viscosity 369

volatile organic compounds (VOC) 432
volume-specific mass transfer coefficient 473
volumetric

— gas transfer coefficient 472

— rate of conversion 185

— reaction rates 189
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Warburg effect 282 yeast cake 383
wastewater treatment reactors 465 yield coefficients 22
white biotechnology industry 1

whole-cell metabolic network dynamics 267 z

Zymomonas mobilis 45
X
xanthan gum 384-385, 464
xylulose-5-phosphate 55
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