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Lactobacillus plantarum 31
Lactococcus lactis 46
Lamellodysidea herbacea 570
L-arabinose 46
Lauderia borealis 565
Leishmania tarentolae 322, 324, 334, 335
– bioreactor design 331, 332
– cell densities 324, 329, 330
– challenges for application 326, 327
– classes of products and main markets 327
– constitutive protein production in

recombinant strain 332
– EGFP expression 322, 323
– market value 327
– – LEXSY 327, 328
– – RAPSODI 328
– media costs for fed batch culturing 333
– resistant to shear stress 331
– strengths 324
– suspension culture, basic process design

aspects 328–331
Lemna minor 260, 262, 280
– a-amylase signal peptide 282
– morphology 281
lentinan 29, 32
lentiviral (LV) vectors 519
Lepidoptera 349–351, 536
Leuconostoc mesenteroides 31
leukocytes 468
LEX-System (LEX1-technology) 280
– basic bioreactor design aspects 284, 285
– basic process design aspects 281
– – downstream 283
– – expression vectors 281, 282
– – master-plant banking 282
– – strain development 282
– – upstream process 282, 283
– biotechnological aspects of Duckweed 280,

281
– developmental timelines in 281
– Duckweed taxonomy 280
– key factors related to process economics 285,

286
– Lemna- and Physcomitrella-based

production 285
– – advantages 285
– – economic considerations 285
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– Lemna USP-design 284
– physiology and morphology 280
– regulatory aspects 286–288
– timelines of process development 281
L-glutamic acid 8, 44
Limulus amoebocyte lysate (LAL) test 575
Limulus polyphemus 575
linoleic acid 30, 134
linolenic acid 29, 30, 560
lipases 27, 30
– laundry and dish washer detergents 27
– leather industry 27
lipopeptides 561
lipoprotein lipase 24
Lissodendoryx isodictyalis 572
Lithospermum erythrorhizon 225, 241
live biotherapeutic products (LBP) 32
L-lysine 30, 44
lovastatin 133
L-rhamnose 46
L-threonine 30
L-tryptophan 30
lyngbyatoxins 562
lysosomal storage diseases (LSDs) 265

m
macroalgae 15, 165, 564, 575
macrocyclic lactones 568
macroorganisms culture, substances isolated

by 575, 575
– green algae 579
– marine spermatophyta 578
– molluscs 579
– red algae 578
malyngamides 561
mammalian-cell-based expression system 293
mammalian cell culture 416
– batch and fed-batch culture 436–438
– bioreactor design 427, 428
– – airlift bioreactor 429, 430
– – stirred-tank bioreactor 428, 429
– – wave-based bioreactor 430, 431
– commercial importance 414–415
– – milestones in production of biotherapeutic

proteins 414
– control parameters 440
– – carbon dioxide concentration 442
– – dissolved oxygen concentration 442
– – osmolarity 443
– – pH value 441–442
– – temperature 440–441
– culture media/feeds 439
– development, significant milestones 413

– history 412–413
– industry 415–417
– to maintain sterile operation 433–435
– – cleaning in place (CIP) system 435
– – sterilization process 435
– non-nutrient additions 439–440
– perfusion culture 438
– process economics 443–450
– – antibody process economics case

studies 447–450
– – challenges 443–444
– – fed-batch vs. perfusion decisions 448–449
– – legacy purification facilities,

robustness 450
– – stainless steel vs. single use decisions

447–448
– for protein production 413–414
– regulatory aspects 450
– – cell banks 452
– – cell substrate stability 452
– – characterization of cell banks 452, 453
– – expression vector 452
– – ICH guidelines relating to

biopharmaceutical production 451
– – quality by design (QbD) 453
– – source, history, and generation of

451–452
– scale up considerations 431
– – mass transfer 432
– – mixing 431, 432
– – pressure 432, 433
– – scale up strategy 433
– – shear 432
– single use bioreactor systems 435, 436
– suspension 296
manufacturing flexibility 79
marine cyanobacteria. see cyanobacteria
marine-derived compounds, estimate 567
marine organisms, cultivable
– archaea, culture 557–558
– cyanobacteria 560
– non-photosynthetic bacteria 558–560
marine species, global estimate 556
marketed products, of marine origin 580–583
markets 16–32, 42, 177, 312, 417
Marshall Plan 6
mass flow controllers (MFCs) 112
mass transfer 70
– rates 77
master-cell bank (MCB) 267, 399, 452, 453
maximum oxygen transfer rates 62, 77, 78
MCB. see master-cell bank (MCB)
MDCK cell line 506, 514, 516
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– adapted to suspension growth (MDCK.
SUS2) 516

– in serum-free medium 513
mechanism of action (MoA) 490
MedImmune Vaccines 513
Megathura crenulata 579
mesenchymal stem cells (MSCs) 467, 476, 477
metabolite monitoring 113
metabolomics 235
methanol 10, 101–104, 108–110, 117
– concentration in culture broth 112
– concerns regarding usage 108
– – flash point and NFPA guideline 108
– – ignition energy 108
– – lower explosion limit 108
– equipment design 108, 109
– process monitoring and control

solutions 111
– – classical four parameters 111, 112
– regulations 110
– – authorities and standards 110
– – Logos for safety standards 110
– risk assessment 109, 110
– – parameters defined, during

fermentation 109
– safety measures 108
– storage tanks 110
methanol/sorbitol ratio 103
methylotrophic Pichia strains 10
methylotrophic yeasts 101
microalgae 165, 166, 201
– access to axenic cultures 167, 168
– basic process design aspects 203–206
– biomass as source of high quality
– – and standardized plant-like

ingredients 173
– bioreactor design 174
– in biotechnology 201, 202
– cells cultivation, for recombinant therapeutic

proteins 189–192
– – cryopreservation 190
– – extensive screening to isolate best

clones 190
– – GMP requirements 192
– – guideline Q5A/Q5B 193, 194
– – ICH provide useful basis for upstream

process development 193
– – regulatory aspects 192, 193
– – transformation of microalgal cells 190
– commercialization of microalgae-derived

products 176–178
– cultivation for biomanufacturing

applications 193

– cultivation under different trophic
conditions 171

– culture media, and process control
strategies 174–176

– evolution and taxonomy 201
– industrial microalgae biotechnology 202,

203
– large-scale cultivation systems 206, 207
– maintenance requirements of Chlorella

vulgaris 171
– mass cultivation systems
– – cultures collections 203
– – general assets and drawback 208
– – historical perspective 202
– open ponds technology 207–211
– – production sites using 209
– process design 174
– process economics 176
– production site 217
– propagation 173
– regulatory aspects 176–178
– relationship to animal and plant

kingdoms 166
– screening for bioactivities 167, 168
– species with ability, to grow on organic

carbon sources 170
– strategies for productivity enhancement 175
– taxonomy 166, 167
microalgal lipids 172
microalgal technologies,

commercialization 176
microbial production, of acids 4
microbial transformations
– of steroids 5
microcarrier based cell cultures 485, 505
– development of 506
– HEK293/Per.C6 cells 522
Micromonospora marina L-13-ACM2-092 559
microorganisms 31
– for food processing 31
– photosynthetic 200
– phototrophic (see cyanobacteria; microalgae)
– suspension cultures 508
– yeast for human requirements 95
modified vaccinia Ankara (MVA) 517
– ACAM3000 517
– biosafety 517
– cell lines, derived from 517
– immunogenicity testing for recombinant

vaccines 518
– investigated as a vaccine vector , against

infectious disease targets 518
– production in suspension cell lines 517–519
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– – MVA (MVA-CR19), selection novel
genotype 519

– programs in clinical development using
– – TG4040 518
– – TroVax 518
monensin 44
monoclonal antibodies (mAbs) 23, 33, 43, 293
– sales volume 23
– technology 414
– – ADCC effect, CHO cell line

engineering 421
– – therapeutic antibodies 415
monocytes culture 473
monophage 538
monosodium glutamate (MSG) 30
Moss. see Physcomitrella patens
mouse hind-limb ischemia model 478
MRC-5 cells 505
MSCs. see mesenchymal stem cells (MSCs)
multi-drug-resistant bacteria 24
multiple-drug-resistant organisms

(MDROs) 25
multiplicity of infection (MOI) 540
murine-cells-based expression platform

technologies 23
MVA. see modified vaccinia Ankara (MVA)

n
Nannochloropsis oculata 170, 213, 565
natural killer (NK) cells 397, 469, 474–475
natural products 43
near-infrared (NIR) probe 112
neosaxitoxin 571
Nereis succinea 573
Nicotiana benthamiana 578
Nicotiana tabacum 229, 241
– DDC-based suspension culture 236
nisin 29, 31
nitrogen 205
– sources 74
Nitzschia alba 168, 170, 564
Nitzschia laevis 168, 170
non-acidophilic organisms 132
non-GMO microalgal strains 172
– optimization 172
non-MAb glycoproteins 20, 23
non-photosynthetic bacteria 206, 557
– substances of interest isolated from

558–560
non-transformed suspended plant cells 233
– genetically modified 233, 235
NS0 cell lines 418
nutraceuticals 27

nutraceuticals, dietary supplements 27
nutrition companies 31
nutrition market 27

o
obligate photoautotrophs 172
off-gas analysis 74
okadaic acid 571
omega-3 and omega-6 fatty acids 30
open ponds technology 207, 208
– energy consumption 210, 211
– performance 209, 210
– production sites 208, 209
Opika-1TM 578
optical density (OD) 112, 540
optical sensors 114
oral polio vaccine (OPV) 508
organic acids 2, 4, 134
– producing by global pharmaceutical

companies 4
organic carbon source 206
Oscillatoria spongeliae 570
oscillatoxin A 562
osmotic strength 174, 233, 266, 362
OTR. see oxygen, transfer rate (OTR)
OUR. see oxygen, uptake rate (OUR)
oxygen
– control of dissolved oxygen 73
– heterotrophic metabolism decreases

levels 206
– imposes additional cost to the process 72
– limitation 78, 79
– modeling oxygen mass transfer 155, 156
– transfer rate (OTR) 66, 71, 77, 78, 107, 361
– uptake rate (OUR) 58, 61, 63, 71, 99, 111,

113, 236, 361

p
paclitaxel 96, 226
– biorector for paclitaxel plant cell

fermentation process 250
– case study 248–252
– cultivation systems and bioreactor sizes 251
– PCFTM process 252
Palmaria palmata 578
Paramecium aurelia 299
Paramecium caudatum 299
Paramecium tetraurelia 299
partial least-squares (PLS) analysis 113
Pasteur, Louis 2
PAT system 84, 111, 113
Pavlova lutheri 565
pBAD promoter 46
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PBRs. see photobioreactors (PBRs)
PCCT (plant cell culture technology) 225,

227
– commercially manufactured by 227
pectin 31
pectin methyl esterase 31
penicillin
– manufacture 6
– plant 6
– production in China 7
Penicillium camemberti 133
Penicillium chrysogenum 133
Penicillium notatum 133
Penicillium roqueforti 133
peptide hormones (cytokines) 23
Per.C6 cell line 509, 515
peridinin 571
personal care products 25–27
Phaeodactylum tricornutum 169, 188, 191, 192,

194, 214, 564, 565
– cultivation expressing a monoclonal antibody

using
– – single-use wave-system bioreactor 192
– cultivation under heterotrophic condition by

metabolic engineering 192
pharmaceutical companies
– producing vitamins/organic acids 4
pharmaceutical QbD framework 80
phosphorous 205
photoautotrophy 188, 195, 265
photobioreactors (PBRs) 177, 203, 211, 212,

215, 272, 278
– design 211
– – requirement 212
– flat-panel airlift (FPAs) photobioreactors 216
– light source 212
– setup for indoor and outdoor

cultivations 212
– tubular (see tubular photobioreactors)
photoinhibition 204, 205, 207, 213
photolimitation 204, 207, 213
photolithoautotrophy 203–205
photosynthetic microorganisms 200
pH sensors probe 70, 74, 112, 213, 239
phycobiliprotein 578
phycocyanine 173, 560
(R)-phycoerythrin 578
Physcomitrella patens 259, 262–265, 263, 273
– cake 270
– glycodesign and tailored production

platforms 264
– homologous recombination 263–265
– industrial scale development 265

– life cycle and physiology 262, 263
– HCP background 271
– production process, with cGMP bulk

API 272
– recombinant protein production in 265
phytase 31
PhytoCellTechTM-derived bioactive

compounds 226
Pichia angusta 98
Pichia pastoris 47, 97, 104, 118
– key characteristics on glycerol, methanol, and

sorbitol 104
– specific parameter for design of fed batch

process 102
– typical fed batch production strategy
– – for methanol induced recombinant protein

production (RPP) by 101
pigments 170, 172, 173, 204, 564, 567
– unicellular eukaryotes 567
– unicellular photosynthetic

microorganisms 566
Planctomycetales 572
plant cell-derived cosmetics 243
plant cells, methods for genetic

transformation 234
– Agrobacterium-mediated transformation 235
plant cell suspension cultures 229
– plant stem cells 231–233
– in vitro initiation and maintenance 229
plant genome 226
plant-made pharmaceuticals (PMPs) 226,

286
plant stem cells 231–233
plasmid DNA (pDNA) 24
platyhelminths symbiosis, molecules isolation

from 576
pleuromutilin 7
Plexaura flexuosa 573
pluricellular organisms, substances isolated

from
– bacteria 570–572
– bryozoans 572
– cnidaria 573–574
– didemnidae 572–573
– dinoflagellates 573–575
– platyhelminthes 575
– prochlorophyta 572–573
– sponges 570–572
pO2 and pH sensors 74
polio virus/vaccines
– Global Polio Eradication Initiative 508
– IPV production, future perspective

511–512
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– – using Per.C6 cell line 509–511
– oral polio vaccine (OPV) 508
– production of different polio virus strains and

D-antigen
– – using Vero and Per.C6 based culture

processes 510
– stirred-tank reactors using Vero cells 508, 509
poly-b-hydroxyalkanoate 560
poly-b-1,4-N-acetylglucosamine 188
poly(ethylene glycol) (PEG) 233
polygalacturonase (pectinase) 31
polyhedral inclusion bodies (PIBs) 536
poly(hydroxyalkanoate)s (PHAs) 557, 559
poly b-hydroxybutyrates (PHB) 559, 560
polymethoxyalkene 560
polysaccharides 32, 173, 187
polyunsaturated fatty acids (PUFAs) 30
polyvalent phage preparations 538
poribacteria 572
post production cell bank (PPCB) 401
post-translational modifications 39, 52, 97
– eukaryotic 265
prebiotics 29, 31
pre-master cell bank (PMCB) 401
preservatives 4
principal component regression (PCR) 113
prion 172
probiotics 24, 29, 31
process analytical technology (PAT)
– initiative 111
process design flexibility 79
process economics 87
– comparison of product yields, intracellular vs.

extracellular 88–90
– economic effects by intracellular product

location 88
– optimization of overall productivity
– – and capital expenses of production

facility 87, 88
Prochloron didemni 573
Prochlorophyta 572
– ecological characteristics of genera 572
Prochlorothrix 572
products by fermentation 16–32
product candidates, for autologous cell

therapies 470, 475
proinsulin 188
proteases 27, 30, 31
– inhibitors 117
– laundry and dish washer detergents 27
– leather industry 27
– textile industry 27
protein based virus-like particles (VLPs) 23

protein deamidation 118
protein expression processes 511
protein-free suspension growth 514
protein production, in yeasts 98
proteins 96, 134, 135
– anti-freeze 14
– biopharmaceutical 303, 336
– biotherapeutic 414, 417
– glycoproteins 238, 578
– heterologous 134, 136, 358
– lentiviral 529
– pharmaceutical 44, 264
– recombinant 10, 45, 52, 53, 57, 76, 114, 126,

189, 190, 194, 269, 310, 313, 314, 327, 335,
355, 358, 368, 412, 536

– single cell proteins (SCP) 9
protozoa
– defined as 295
– ICH guidance for industry S6 334
– production organism, regulatory aspects

of 334, 335
Pruteen 10
prymnesins 565, 566
Prymnesium 565
Pseudomonas fluorescens 46
Pseudo-nitzschia multiseries 169, 564

q
QOR2/2E11 (Baxter) 400
– characterization and GMP qualification 401
– chicken embryo cell line PBS-12SF 405
– establishment of QOR2/2E11 400, 401
– MVA virus replication on cells at different

MOIs and temperature 403, 404
– virus growth in QOR2/2E11 cells 401–403
“qualified presumption of safety” (QPS) 177,

178
quality by design (QbD) 79–87, 111, 453
– challenges for putting QbD into practice 84
– – industrial doubt and vague regulatory

guidance 84, 85
– – industrial hesitation to share

information 85
– – validation of design space 85
– – validity of risk assessment 85
– entry points to QbD for manufacturers 84
– process development along QbD

principles 82–84
– regulatory drive towards

implementation 80–82
quality management system 251
quality risk management tools 81
quality target product profile (QTPP) 82
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rabies virus 504, 532
Raman spectroscopy 74, 113
Raphidium 564
Raphidophyceae 564
real-time monitoring 113
recombinant Autographa californica nuclear

polyhedrosis virus (AcNPV) 350
recombinant chymosin 30
recombinant DNA technologies 11, 42, 96
recombinant glucocerebrosidase 23
recombinant protein production 265
– cost effectiveness 114
– estimation of cost of goods with model

simulations 119, 120
– expression system and its impact on the cost

of 118
– influence of expression system on analytical

scope in production 119
– – additional costs 119
– – final release analysis 119
– – in-process controls (IPCs) 119
– key factors influencing manufacturing costs
– – downstream processing 115
– – equipment requirements 114, 115
– – by yeast suspension culture 114
– key factors related to process economics 114
– – cycle time 117
– – formation of by-products 118
– – raw materials 116, 117
– with microalgae (see microalgae)
recombinant proteins 10, 11, 42, 44, 45, 52, 53,

54, 57, 76, 114, 126, 189, 194, 269, 310, 313,
314, 327, 335, 355, 358, 368, 412, 536

recombinant therapeutic proteins 42, 189,
190, 193, 419

– cultivation of microalgal cells for production
of 190–192

– – regulatory aspects 192–194
red biotechnology 42
Redoxon 4
redox potential measurement 112
regenerative medicine 465
– allogeneic therapies 476
– – activity 477–478
– – animal models 478–479
– – definitions, current 477
– – historical backgrounds 476, 477
– – immunity/manufacturing 480
– – lack of rejection 479–480
– – manufacturing/technology transitions 480
– – safety 479
– aquatic salamander 465, 466

– autologous therapies 468–470
– – dendritic cell culture 473–474
– – hematopoietic stem cells (HSCs) 475
– – natural killer (NK) cells 474–475
– – T-cells 470–473
– challenges, to manufacturing 480
– – adult somatic stem cells 488
– – biological limitations, to culture expansion

yields 482
– – bioproduction vs. MSC biology, lessons

from 484–485
– – cell testing 493–494
– – critical quality attributes (CQAs), for

therapeutic cells 488–490
– – current solutions 483, 484
– – dosing expectations 481
– – industrial cell lines, adaptation/directed

evolution of 486
– – markers vs. process 483
– – potency testing 490–493
– – practical challenges 493
– – regulatory expectations 482
– – stirred-tank bioreactors, providing scalable

adhesion surfaces 487–488
– – therapeutic cells, adaptation 486–487
– downstream processing 494–496
– economic success 496–497
– regulatory aspects 497
– therapeutically valuable cells 466–468
regulatory standards 120
– comparability of biotechnological products

after process changes 125, 126
– compliance with GMP regulations and

recommendations 121
– construction and quality of cell banks 122,

124
– food ingredients 121
– GMP regulatory aspects 121
– HACCP principles 121
– ICH guidelines 121
– International Organization for

Standardization 121
– ISO certification and control authorities

121
– manufacturing of APIs by cell culture/

microbial fermentation 124
– pharmaceuticals 121, 122
– – phases of clinical drug development: 123
– product applications and corresponding

regulatory levels 120, 121
– regulatory aspects to consider/

guidelines 122
– – ICH-quality (ICHQ) guidelines 122
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– test procedures and acceptance criteria for
biotechnological products 125

Reichstein, Tadeusz 4
rePAX1 350
replication competent adenoviruses

(RCA) 520
replication competent lentiviruses (RCLs) 527,

531
retroviral transduction 471
Rhizopus oryzae 156
Rhodobacter 564
risk management 81
RNA processing signals 418
Ross River 506
rotavirus 506
Russia 7
– cultivation, microalgae using artificial

media 202
– fermentation plants for production of

enzymes 12
– penicillin production 7
– production of phages as medical

preparations 537

s
Saccharomyces boulardii 31
Saccharomyces cerevisiae 96, 97, 132
Salinispora tropica 559
salinosporamide A 559
Samia cecropia 349
Santalum album L. 241
saxitoxin 571
Scenedesmus actus 170, 203, 564
scFv (single chain antibodies) 293
Schizosaccharomyces pombe 98
secondary-metabolites 25, 96
– heterogenic nature 25
– with industrial relevance produced by

yeasts 97
– lovastatin 133
sensor accuracy 73
serum-containing culture medium 470
serum-free suspension cultures 507
shikonin 225
single cell protein (SCP) 9, 10, 205
single use bioreactors (SUBRs)
– advantages 76
– for insect cells 365
– for mammalian cells 431
– for microbial cultivation 76–79
– – applications 79
– – microbial bioprocess development using

single use bioreactors 77–79

– – multi-use/single use 76, 77
– for plant cells 239
SIN-LV vector 528
sitgagliptin (Januvia) 5
smallpox virus vaccines 506
software sensors 75
solvents 2, 28, 42, 43, 88, 89, 109, 172
sorbitol 28, 102, 103, 233
specific growth rate 77, 113
spiruline 560
Spodoptera exigua multiple

nucleopolyhedrovirus (SeMNPV) 534
Spodoptera frugiperda 350
– cell lines IPLB-Sf21 536
– Sf-9 and Sf-21 348, 351, 356
sponge cell culture, substances isolated

from 575, 577
squalene 569
stabilizers (gelatin) 31
stainless steel bioreactors 77
stainless-steel reactors 174
standard stirred tank bioreactor 70
– time–space yield 67
– typical dimensions, for microbes

cultivation 67
Staphylococcus aureus 195, 538
starch 30
steaming in place (SIP) 73
stem cell factor (SCF) 475
stem cell therapy 480
sterilization 73
– as crucial factor 206
– empty 73
steroids 5
stirred-tank bioreactors 69, 485
– design 429
streptomycin 6
submersed cell culture 2
substances isolated from
– cyanobacteria 560
– dinoflagellates 571
– macroorganisms culture 575–579
– microorganisms/bryozoans and

microorganisms/ascidians
associations, 574

– unicellular eukaryotes 560–567
succinate 27
SUCIAC, pilot plant for the fermentation

process 6
sulfated cinnamic acid 578
sulfonamides 25
suspension culture (fermentation). see specific

suspension cultures
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sVero cells suspension 511
sweeteners 31
Symbiodinium 569, 573, 576

t
Taiwan
– Chlorella and Spriulina species, as “health

food” and cosmetics 202
– microalgae production sites using open

ponds 209
tangential flow filtration (TFF) 494, 495
Taxus chinensis 241, 248
T-cell receptor (TCR) 474
T-cells 470–473, 472
temperature 57, 60, 66, 100, 111, 112, 137, 219,

240, 317, 356, 404
– cultivation 55, 558
– fermentation 109, 540
– reduced conditions 441
Tetrahymena pyriformis 300, 334
Tetrahymena rostrata 300
Tetrahymena thermophila 297, 300, 301, 303,

304, 335
– acceptor vectors pAX and pKOIX 308
– basic process design aspects for suspension

culture 313
– – aeration 315, 316
– – agitation rate 315
– – antifoam reagents 315, 316
– – cell counting 314, 315
– – dissolved oxygen concentration 315, 316
– – dry mass 314, 315
– – inoculation titer 314, 315
– – mucocyst material 316
– – principal bioreactor set up for 313
– – shear stress 315
– bioreactor design aspects for suspension

culture 316, 317
– – technical data of bioreactors 317
– Cre-recombinase dependent vector system

for 307
– key factors in process economics 317
– – cost of goods for fermentation 318
– – investment costs 317, 318
– as new production platform technology

311–313
– recombinant proteins expressed in 314
Tetraselmis 564
Thalassiosira pseudonana 169
thallophytes 200
therapeutic cell therapy 480
therapeutic proteins 17, 120, 188, 242, 419,

420, 431

therapeutic stem cells, commercial scale
production 488

thiamin 4
thiocoraline 559
thraustochytrids
– docosahexaenoic acid (DHA)

production 568
– EPA/DHA production 567
– substances of interest 569
thraustochytrosides 569
thrombopoietin (TPO) 475
time–space yield 65, 67
tissue plasminogen activator (TPA) 414
Tistrella bauzanensis 573
Tistrella mobilis 573
total fatty acids (TFA) 565
transglutaminase 31
transmissible spongiform encephalopathy

(TSE) 309
T-regulatory cells (TREGS) 470
– CD4/CD8 cell 471
Trichoderma reesei 135, 156
Trichoplusia ni 350
Tridacna gigas 560, 569
trophic conversion 172
TroVax 518
truncation 125
trypsin 512
trypsin-like microbial enzyme (TrypLE) 494
tubular photobioreactors 212–218
– alkalinity 213
– disadvantage/limitation 212, 213
– energy consumption 214, 215
– flat-plate 215–218
– performance 213
– production sites 213
– suitable for 212
tumor infiltrating lymphocytes (TILs) 471,

472
tumor necrosis factor (TNF) 473
tungsten arc welding 69
turbidostat 206

u
UK
– acquisitions 416
– AMBR system 487
– commercial production of SCP 10
– human commercial protein-based

product 357
– ICI production site 10
– single-cell production 3
– strain development 262
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unicellular eukaryotes, substances isolated
from 560

– chrysophyceae 564–565
– diatoms 564–565
– dinoflagellates 567–570
– eustigmatophyceae 564–565
– fungi 565–567
– haptophyceae (¼ prymnesiophyceae)

565
– raphidophyceae 564–565
– rhodophyta 563–564
– thraustochytrids 565–567
– unicellular chlorophyta 563–564
unicellular photosynthetic microorganisms
– pigments of interest and ichthyotoxins

566
UNRRA program 6
USA 12
– Dunaliella cultivation 202
– fermentation technology 6
– mass cultivation of microalgae 203
– microalgae production 209

v
vaccines 23, 189, 354
– CCL-derived human 393
– CEF-derived 394
– Circumvent1PVC 357
– culture-derived 392
– GMP vaccine 401
– influenza 395–397, 512, 514, 516
– polio 392, 505, 508
– recombinant hemagglutinin influenza

vaccine (see Flublok)
– recombinant MVA vaccines 518
– second-generation smallpox vaccine 517
– TBEV 395
– tools for biologics 350
– veterinary viral vaccines 506, 507, 532
– yellow fever 394, 395
vaccines and biologicals production
– basic bioreactor design aspects 405
– basic process design aspects 405
– cell culture development for 391
– – continuous cell lines 392, 393
– – diploid cells 392
– – primary cells 392
– cell lines (see avian cell lines)
– overview of available avian suspension cell

lines for 398
– process economics, key factors related

to 405, 406
– regulatory aspects 406

– viral vaccines for human use
– – produced with microcarrier based

manufacturing processes 506
– VRBPAC guidelines 376
vascular endothelial growth factor (VEGF)

188
Vero cells line 505, 511
– derived polio virus 506, 509
– development for production of vaccines 506,

512, 514
– and Per.C6 based culture processes

510–511
Verrucomicrobiales 572
veterinary viral vaccines
– using BHK-21 suspension cells 507
vinegar 2
violaxanthin 564
viral recombinant proteins. see recombinant

proteins
virus like particles (VLPs) 350, 507
virus production, under suspension

conditions 503
– adherent vs. suspension culture 504–506
– bacterial contaminations/infections,

treatment of 532
– for gene therapy purpose 519
– – large scale AAV production 523–527
– – large scale adenovirus production

using 520–523
– – LV vector production 527–532
– influenza virus/vaccines (see influenza virus/

vaccines)
– insect cell/baculovirus system, for bio-

pesticides 533–537
– microcarrier based manufacturing

processes 506
– – viral vaccines for human 506
– polio virus/vaccines (see polio virus/vaccines)
– production of bacteriophages, for phage-

therapy 537–538
– – bacterial strains, selection 538, 539
– – bacteriophages, isolation 539, 540
– – bacteriophages, production 540
– – large scale production of phages

540–542
– production yields of rAAV using production

systems 524, 526
– – based on use of stable HeLa- or A549-cell

clones 524
– – scalable production system based on use of

Sf9 cells – suspension growth 525
– – scalable system based on use of HSV-1 524,

525

Index j611



– – suspension based transfection process,
using HEK293 524

– single cell suspension processes 506–508
– – AGE1.CR 507
– – CAP and CAP-T 507
– – EB66 507
– – Per.C6 507
– – QOR2/2E11 507
– for veterinary vaccines 532–533
– – rabies virus vaccine process protocol for
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