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Fig. 8-1. Interactions between different working packages in systems biology and engineering (SBE).
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Tasks

Tools

Models

- Systems biology: mathematical
modeling on metabolic, regulatory &
signal pathways for aliving cell
simulation, model validation by
experiments, scaling models across
time scales, new drug devel opment

- Bioinfor matics: gene information
and biomolecules structures

- Thermodynamic properties of
biomolecules

- E-Céll with SBML (XML+UML)
for cell modeling/simulation.

- metabolite flux analysis
(MetaFluxNet)

- Database for genes and proteins
(GEPASI)

- parameter estimation/identification
tools

- multi-scale time integration
methods

- group contribution method (GCM)
- simulator for biochemical systems

- AE (thermodynamic properties)

- ODE (pathway kinetics)

- LP (metabolic flux optimization)

- NLP (kinetic parameter estimation)
- MILP (regulatory and signal
pathway optimization)

Systems engineering: fermentation
reactor modeling, design, cell PBE,
SHE aspects

- grey box modeling tools, CTSM
- bifurcation anaysis
- WAR agorithm

- PDE (PBE)
- ODEs

Fig. 8-2. Toals integration for upstream processes (AE: algebraic equation, ODE: ordinary differential equation, LP: linear
programming, NLP: nonlinear programming, MILP: mixed-integer linear programming, PDE: partial differential equation,
PBE: population balance equation, SHE: safety/health/environment, SBML: systems biology markup language, CTSM:
continuous time stochastic method, WAR: waste reduction)

Tasks

Tools

Models

- membrane based separation

- chromatographic separation:
adsorption isotherm prediction for
chromatography, adsorption
mechanism modeling on biomolecule
structures, thermodynamic properties
of biomolecules.

- SMB technology:

- crystallization

- scheduling of downstream processes

- model identification tools

- molecular simulation

- electrolyte thermodynamic
modeling for large molecules

- SQP optimizer

- bioseparation simulator for
chromatographic separation process
simulation

- AE (thermodynamic properties)

- NLP (Kkinetic parameter estimation,
operating condition optimization)

- PDAE (process simulation of
chromatography and membrane)

Systems engineering (1):
membrane/chromatography/SMB
process modeling, operating condition
optimization

- CE/SE-based simulation for PDE
models
- mixed-integer optimization tools

- MINLP (superstructure
optimization)

- Global optimization

Fig. 8-3. Tooals integration for downstream processes (SMB: simulated moving bed, CE/SE: conservation element and
solution element, SQP: successive quadratic programming, AE: algebraic equation, NLP: nonlinear programming, PDAE:
partial differential algebraic equation, MINLP: mixed-integer nonlinear programming).
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® BioProcess simulator (ASPEN technology, Inc., USA)

® BioPro Designer (biotechnology process engineering center, BPEC, MIT, USA)

® Biotechnology design simulator (BDS, Life science international, USA)

® SuperPro Designer (Intelligen, Inc., USA, http://www.intelligen.com)
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