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The reaction network of cellular metabolism published by Boehringer-Ingelheim.
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Albert-László Barabási, 
Linked – The New Science of Networks
Perseus Publ., Cambridge, MA, 2002
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SBML: Bioinformatics 19:524-531, 2003; CVODE: Computers in Physics 10:138-143, 1996
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The repressilator:  M.B. Ellowitz, S. Leibler. A synthetic oscillatory network of transcriptional 
regulators. Nature 403:335-338, 2002



Stable stationary state

Limit cycle oscillations

Fading oscillations 
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Hopf bifurcation

Bifurcation to May-Leonhard system
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Evolution of a genetic and metabolic network:

Initial genome: Random sequence of chain length n = 200,
AUGC alphabet

Simulation with a mutation rate:  p = 0.01

Evolutionary time unit >> time unit of regulatory kinetics

Observed events:

(i) Loss of a gene through corruption of the 
initiation signal “TA” (analogue of the TATA
box)

(ii) Creation of a gene

(iii) Change in the connections through mutation 
driven changes in the binding affinities of 
translation factors to the regulatory sites

(iv) Genes may change their class (tf sp)

Windows Media Player.lnk



Conclusion and outlook on inverse problems 

1. RNA minimum free energy folding and inverse folding for the design of 
secondary structures.

2. Kinetic folding of RNA and design of molecules with multiple states and 
predefined folding kinetics.

3. Computation of the dynamics of cellular genetic and metabolic networks 
for known rate constants and its inverse problem (Level I). 

4. Genetic and metabolic dynamics in parameter space and reverse 
engineering of model systems with predefined full dynamical behavior
(Level II) seems doable. Mathematical tools can be applied successfully
also to multidimensional dynamical systems.

5. Random sequences give rise to functional networks in the model.

6. Evolution of small genetic and metabolic networks can be simulated 
properly and with reasonable efforts.

7. Upscaling still remains a hard but challenging problem.

in progress

in progress

in progress

in progress
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