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Motivation and Objectives
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PROCESS DEVELOPMENT NEEDS TO COPE WITH
INCREASING COMPETITION

. Upstream Optimization

Methodology

MODEL DEVELOPMENT
Relevant equations
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GLOBAL SENSITIVITY ANALYSIS
Identification of relevant parameters

DESIGN OF EXPERIMENTS
Obtain data for significant
parameters

PARAMETER ESTIMATION
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Good
agreement

u with data?

PREDICTIONS &
APPLICATIONS

INDEPENDENT VALIDATION
Assessing model validity

— PBM Based on cyclins and DNA
Track cell-cycle & understand differential mAb production [1]

Population Balance Equations
3 Lumped phases considered
Dependence on metabolism

ONizg156: (e t) 0
Seasal, Tl N, 0] =

=L SN G 0) = [1a(9) + up (@i G, ©) + kL5 .15 (o, )N, (37, 6) dy

*imin

ODEs | Caspases 3 and 8, bcl-2 and bax expression vs. nutritional stresses
4 key genes considered
Relationship with metabolism . .
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ODEs
19 Amino Acids, Glucose
ATP production and usage
mAb production

Predict nutrient requirements, metabolic shifts, ATP consumption
and mAb production [2]
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Final Structure:
970 algebraic egs, 455 differential eqs, 62 pars. Running time: 2 seconds
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DO IT MODEL BASED!
1. Model Development
Re-estimated 30 significant parameters grouped by bi using i Lil
Integrated, first-principles, upstream model Model predictions (lines) agree well with experimental data (points, N=3, bars = 1 std deviation) .

2. Global Sensitivity Analysis

5000 simulations
First and Second

order parameter
interactions

si

30 significant
parameters

Time (h)
Biological Significance
1. Until 72h, the viable cells (xV) profile is largely dominated by the cycling times;
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2. Between 72 and 120h the usage of Gl and Arginine di
3. Onthe later stages, the apoptosis rate dominates the profile.

the profile;

3. Design of Experiments: Determining Cycling times

A. EdU negative population B. EdU positive population
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N=3, error bars = 1 std. dev, *p<0.05
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Conclusions:

Model describes well viable,
! [ R . apoptotic and dead cells, cell

— i o T T cycle, metabolism, ATP, mAb
e | and gene expression.

5. Model Validation

Two independent sets of experimental data prove model predictive capabilities: Lower Density (1x108 cells/L), Nominal
Density (2x10¢ cells/), Higher Density (4x108 cells/L).
Viable Cells Apoptotic Cells Dead Cells

Cell cycle for Lower Density  Cell cycle for Higher Density

ASN (top) & ASP (bottom)

Conclusions
A validated, predictive mathematical model of cell-cycle, metabolism,
mAb production and apoptosis has been obtained and may be used to
improve bioprocessing operating conditions or other biological systems.
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