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Multi-scale modeling in biomedicine 
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Multi scale modeling 



Holon: in some ways a whole, 
in other ways a part 
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Modeling	  of	  mixing	  tank	  
Software package:Fluent 



Velocity	  field	  (ver2cal	  sec2on)	  



Velocity	  field	  (bo7om)	  



Fluiddynamics in a 1500 l reactor
with 900 l reaction volume
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Simulation of metabolic overflow 
during fed batch operation 
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Glucose concentration fields during fed-batch 
cultivation of Saccharomyces cerevisiae







 
    
•  Analysis of systems behavior if biophase needs to be segregated into 
   individual cells -> local interactions between microorganisms  
   and their enviroment = f (intracellular state (history of the individuum))   
 

Limitations 

Lifelines of single cells in space and time 

Dynamic behavior of the population 



Velocity	  field	  (ver2cal	  sec2on)	  



Lagrange-‐Euler-‐Approach	  
Fluiddynamics 

•  Superposition of random movement 
   caused by turbulent Dispersion (SDE): 
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•  Predictions of convective movement of a single 
   particle from simulated velocity field:  

ξ
 2/1)2()( dtDdtDdttx TT +∇=+

ξ - Random number 
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•  Computation of intracellular state along the trajectory  
   from integration of intracellular mass balance 
equations: 
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•  The individual exchange rates with the enviroment are  
   taken into account within the Eulerian simulation of the 
   extracellular state: 

     (V and DT again from CFD-simulations) 



WITHOUT EXCHANGE (TRACER PARTICLE) 
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SIMULATION	  OF	  TRACER	  
EXPERIMENTS	  

MIXING CHARACTERISTICS 







Glucose	  uptake	  into	  Escherichia	  coli:	  	  
	  

Traveling	  along	  the	  lifelines	  of	  single	  
cells	  





STIMULUS-RESPONSE 
METHODOLOGY 



Stoichiometric Network: 
Substrate, Product 

Escherichia coli 
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Escherichia coli 
Reuss, Aguielera-Vazquez, Mauch (2007). Topics Current Genetics 



Chassagnole, Noissomit-Rizzi, Schmid, Mauch, Reuss (2002) Biotechnol. Bioeng.79, 53-73 



Bridging scales 
 

Model reduction 
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Glucose	  uptake	  system	  (E.coli:	  PTS)	  
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Hewitt et al. 1999 
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High	  frequency	  
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Delvigne, F., Boxus, M., Ingels, S., Thonart, P (2009) 
 Microb. Cell Factories  8: 1-17 prpoS:GFP reporter gene 



Delvigne, F., Boxus, M., Ingels, S., Thonart, P (2009) 
 Microb. Cell Factories  8: 1-17 prpoS:GFP reporter gene 

expression of  rpos is reduced and distribution is bimodal 



Ideally mixed 



•  Formidable challenges stand in the way of progress in 
multiscale modelling and simulation research. These 
challenges involve resolving open problems associated 

    with simulation methods, appropriate quantitative data, 
model validation and verification and vizualization. 

•      Sustained research in multiscale modeling with lasting 
      impact on bioprocess technology requires long term strategic 
      planning. Progress in the field will require the creation of 
      multisdisciplionary teams that works together. 

•     Significantly, one of the challenges is cross disciplinary 
     education to improve interdisciplinary communication 
     between biologists, bioinformatitions, computer 
     scientists, mathematicians ,physicists and engineers. 

CONCLUSIONS 
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temperature-induced 
recombinant protein 

 
Temperature shift: 
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Modal Analysis: 
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