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Accumulation, 139
Accumulation term, 40
Adherent cells, 9
Aeration, 57
Aggregates, 22, 94
Agitation
rate, 102
rushton turbine, 27
Alternating tangential flow filtration,
see ATF
Ammonia
concentration of, 151
death inducing constant of, 155
growth inhibition constant of, 155
Arrhenius law, 140
ATF, 16, 25-27, 119-127
diaphragm pump, 25
residence time, 149
single-use, 134
stainless steel, 134
Automation, 53, 76, 130-132, 171

Ballroom facility, 103
Batch, 10
mass balance of, 143-146
Biopharmaceutical market, 10
Bioreactor
bench scale, 47, 55
commercial scale, 74
configuration, 27
continuous stirred tank, see CSTR
control unit of, 55
geometry, 106
head plate of, 27
microscale, 53-55
N-1, 20, 21, 90, 125, 128-130
N-stage, 21
optimal design of, 87
process unit of, 55
seed train, 20
single-use, 18
stainless steel, 17
stirred tank, 27, 103
wavebag, 23, 52-53

Biosimilar, 6, 67, 166
Bleed, 14
mimicking rate of, 85
online monitoring, 33
permittivity control of, 61
rate of, 28, 69-76, 87-93
semi-continuous, 33
Bubble, 104-105, 112, 118
shear, 57
size, 57
Buffer
sodium bicarbonate, 48

C-terminal lysine cleavage, 22

Carbon dioxide, see CO,

Cell
compartments of a, 141
death rate of, 143
settling of, 77

Cell bank, 20
high density, 52

Cell culture
continuous operation of, 12

Cell cycle, 89-93

Cell diameter, 60-62

Cell doubling, 40

Cell growth rate, 40

Cell line, see Clone
ageing, 87
development of, 16, 74
manufacturing, 17, 47
screening, 17, 74
selection, 75

Cell retention device, 13, 24
ATF, see ATF
fixed-bed, 13
gravity settler, 24
hollow fibre, 24
microcarriers, 13
scale-up, 100
shear stress, 119
spin filter, 24
tangential filtration, 13
TFF, see TFF
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Cell-specific accumulation, 40
Cell-specific perfusion rate, see CSPR
Cell-specific productivity, 40, 43
decrease of, 87
Centrifugation, 77
CFD, 110, 115-118
Characterisitc mixing time
experimental measure of, 109
simulation of, 40, 110
Characteristic time, 40
Charge isoform, 43
Charge variant, 22, 44, 94
Chemical growth inhibitor (CGI), 90
Chemostat, 12
Clipping, 95
Clone, 17
ranking of, 78
screening of, 47, 74, 78, 81
CO,
partial pressure of, 21
pH regulation with, 56
removal of, 48, 83
Computational fluid dynamics, see CFD
Conjugated protein, 95-96
Control unit, 55
Cost pressure, 102
CQA, 8, 24,40, 93-95
charge variant, 22
clipping, 95
conjugated protein, 95
constant, 62
control of, 96
downstream purification, 94
glycosylation, 3, 4, 22
high molecular weight, 7
host cell protein, 6
low molecular weight, 7
Critical CSPR, see CSPR
Critical flux, 125
Critical process parameters, 8
Critical quality attributes, 5, see CQA
Cross-validation, 168
CSPR, 29-31, 67-73
constant, 85
CSPR.;, 81-85
CSPR in, 29, 35, 67-74, 77, 79-88
decrease of, 38
CSTR, 39-41
model, 41, 147
RDT, 41
Culture pH, 151

Data pretreatment, 166
Deamidation, 22

Death rate, 143

Deepwell plate, 15, 48-51
Design of experiment, see DoE
Deterministic model, 95

Diaphragm pump, 25
Dielectric spectroscopy, 59-63
Digitalisation, 171
Dimensionless

aspect ratio, 106

power number, 108
Dissociation constant, 152
Dissolved oxygen, 57, 83

control, 15

oxygen transfer rate (OTR), 101

oxygen uptake rate (OUR), 101
DoE, 158, 159, 162, 169
Donor-enzyme complex, 153
Dynamic gassing method, 110

End-to-end
continuous process, 102
Endoplasmic reticulum, 3, 150
Energy dissipation rate, 102
average total, 104
gas sparger, 104
stirrer, 104
Environmental growth inhibitor (EGI), 90
Epimerase, 150
Erlenmeyer, 48

Fed-batch, 11
concentrated, 20
N-linked gylcosylation modelling, 154
optimal feeding strategy for, 94
Filtration capacity, 124
Filtration device modelling, 147
Flooding, 108
Foam, 58
Fouling, 34
Fragmentation, 22
Fragments, 94

Galactose, 94, 151, 154, 158
Galactosylated, 4
Gas
superficial velocity of, 104
Gas-liquid mass transfer rate, see kra
Gaseous power input, 108, 111
Gaseous species
saturated concentration of, 145
Geometry
stirrer, 106
vessel, 106
Glycan structure, 151
Glycosylation, 3-4, 22, 24, 94, 166
enzymatic activity of, 153
fucosylation, 151
galactosylated, 4, 151
galactosylation, 151
high mannose, 4
inhibition of, 158
model in perfusion, 158-161

199

© in this web service Cambridge University Press

www.cambridge.org



www.cambridge.org/9781108480031
www.cambridge.org

Cambridge University Press
978-1-108-48003-1 — Perfusion Cell Culture Processes for Biopharmaceuticals

Moritz Wolf , Jean-Marc Bielser , Massimo Morbidelli

Index

More Information

200

Index

Glycosylation (Cont.)
N-linked, 43, 75, 94
N-linked modelling, 150-154
sialylation, 22, 151

Glycosylatranferase, 150-153

Golgi apparatus, 3, 150
model of, 151-154
pH of, 153

Growth-dependent yield coefficient, 156

Growth inhibition
chemical, 89
environmental, 89
valeric acid, 89

Growth inhibitor
mass balance of, 142

Harvest, 14

mimicking rate of, 85

rate of, 28
Head plate, 27
Henderson-Hasselbalch equation, 154
High mannose, 4
High molecular weight, 7
High throughput

technologies for, 46-50
Host cell protein, 6
Hydrodynamic stress, see Shear stress
Hydrodynamics, 43

Impeller, 102, 106-119
agitation speed, 107
diameter, 106, 107, 109
power number, 107
Reynolds number, 108, 119
shaft, 107
shear stress, 107

In process control (IPC), 58

Incubation device, 48

independent variable, 167

Infrared spectroscopy, 65

Integrated continuous manufacturing, 21, 128,

137,172
Intracellular metabolites, 165
lipid precursor, 42
nucleotide, 42
nucleotide sugar, 42
Irreversible reaction, 140
Iterative procedure, 80

kpa, 21, 27,102, 104, 118
determination of, 110-111, 116
kinase, 150

Latent variable, 167
Loading, 166

Loading matrix, 167
Long-term stability, 87
Low molecular weight, 7

Maintenance-dependent parameter, 156

MALDI-TOF, 165
Manganese, 94, 151, 154, 158
Mass balance, 40
Mass spectroscopy, 165
Mathematical models, 138-161
Mechanistic models, 138-161
structured, 141
unstructured, 141
Media
chemically defined, 10
screening of, 74, 81
Media blending, 50
Medium
baseline compounds, 37
bicarbonate, 36
blending of, 50
chemically defined, 35
concentration of, 35, 36, 38
consumption, 67-75, 85
depth of, 29, 35, 36, 38
formulations, 50
osmolality, 36
pH bufter, 37
platform, 37
screening of, 74, 78
solubility in, 36
stability in, 36
Metabolomics, 42
Metal cofactor, 150

Metal enzyme complex equilibrium, 140-141

Michaelis-Menten, 152
Microenvironment, 100
Microscale bioreactor, 15
Mimick (mimicking), 75, 85
Misfolding, 22
Mixing, 105-107

baffles, 107

characteristic time of, 109-110, 120

ideal, 139
Mixing time, 102
Model
batch mode, 143
biological systems, 141-143, 149
cell retention device, 146
chemical reaction, 139-141
cross-validation, 168
CSTR, 146
Golgi apparatus, 151-154
input parameters, 149
multiphase reactor, 100
N-linked glycosylation, 150-154
Modelling
Hybrid, 161-173
Statistical, 161-173
Molar flowrate, 139
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Monitoring and control, 13

biomass, 61-63

bleed rate, 32, 33

cell retention device, 34

dissolved CO», 23

dissolved oxygen, 23, 31

harvest rate, 31

offline, 58

online, 58

perfusion rate, 31

pH, 23, 31

temperature, 23

working volume, 31
Monoclonal antibodies, 9
Monod constant, 142
Monod equation, 142
Multivariate data analysis, see MVDA
MVDA, 59, 163

N-1, 20, 21, 90, 125, 128-130
N-stage, 21
Na:K ratio, 93
Nanofluidic chip, 47, 76, 78
Nanoliter scale, 47
Navier—Stokes equation, 115
Near infrared, 24
NIPALS algorithm, 167
Nucleotide activated sugars, 150
Nucleotide sugars

classes of, 156

precursor of, 156

Oligosaccharide
structure of, 150
Oxygen
mass transfer of, 21
transfer rate of, 30, 104
uptake rate of, 101

Partial differential equation, see PDE
Partial least square regression, see PLS
PAT, 59, 138, 162
PCA, 163
PDE, 156
Perfusion
bioreactor operation of, 12
gylcosylation modelling, 158
Perfusion rate, 13, 28, 67, 74
Permease, 150
Permittivity, 60-63
correlation, 60
PFR
Golgi modelled as, 151
model, 147
pH
buffer of, 31, 37
control, 15, 56-57
shift of, 109

PLS, 63-65, 166
Plug flow reactor, see PFR
Pluronic, 57
Post-translational modification, see PTM
Potassium, 93
Power input, 106-111, 117
Power number, 107-108, 119
Predictive model, 94
Process analytical technology, see PAT
Process development, 13, 17, 31, 37, 51-53
early stage, 53
models for, 161-169
Process unit, 55
Production phase, 21
Productivity
prediction of, 50
volumetric, 35-37, 69-73, 77-80, 85
Proteome, 42, 43
PTM, 41
aggregates, 22, 24
C-terminal lysine cleavage, 22
charge isoform, 43
deamidation, 22
fragmentation, 22
glycosylation, see Glycosylation
misfolding, 22
Push-to-high, 70, 80, 82, 85
Push-to-low, 70, 80, 82, 85

Quality attributes, see CQA
Quality by design, 7, 138, 162

Raman, 24, 63-65, 139
Random-order bi-bi kinetic rate, 153
Ranking
clone, 78
Rate of
overall reaction, 140, 141
production, 140
reaction, 140, 141
Reactive oxygen species (ROS), 57
Recombinant DNA, 3
Residence time distribution, see RTD
Residual matrix, 167
Retention devices, 9
Reynolds number, 108, 112, 119
Robotic platform, 50, 53
Root mean square error, 168
RTD, 41, 43

Scale-down model, 15, 75
deepwell plate, 15, 75-85
microscale bioreactor, 15
shake tube, 15, 76-85

Scale-down models, 46

Scale-up
bioreactor, 17, 100
stirred tank, 103
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Score, 166
Score plot, 165
Score vector, 164
Seed train, see N-1
Semi-continuous, 51, 54, 76-77
Sensor, 23
Near infrared, 24
Raman, 24
Sequon, 150
Shake tube, 15, 48-50
centrifugation of, 77
Shear stress, 34, 111-119, 121
ATF, 124
TFF, 125
Sialylation, 22
Single-use, 18, 53, 102
ATF, 134
Sodium, 93
Sodium bicarbonate, 56
Sodium hydroxide, 56
Sparger, 27, 102
type of, 105
Spectra, 63
Spectroscopy, 58—66
Raman, 63-65
State of control, 44
Steady state, 21, 40, 43, 44
characterisation of, 41
mimicking of, 75
state of control, 43
Stirred tank
modelling of, 139, 143-149
scale-up of, 103

Stoichiometric coefficient, 140, 151

Stoichiometry, 140

Tangential flow filtration, see TFF

TFF, 16, 26, 118-127

modelling, 146-149
Transcriptome, 42, 43
Transfection, 75

stable, 17

transient, 17
Transferase, 150
Transmembrane pressure, 34
Transport turnover rate, 152
Tubular reactor, see PFR

Unstructured model, 154
Unstructured modelling
basic concept of, 142

Valeric acid, 89
Variance, 164

explained, 168

total, 168
VCDmax, 76-85
VCDmax experiment, 76, 81
VCDyg; experiment, 82-85
Volumetric flowrate, 39

Wavebag, 23, 52-53
‘White-box models, 149
Working volume, 39

Yield, 71, 73-75, 79, 85-93
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