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HOW DO WE 
DEAL WITH THE 

REMAINING 
BLACK BOXES?



ModelingModeling ofof regulatoryregulatory networksnetworks: : howhow to to 
choosechoose thethe bestbest methodsmethods? ? 

•• DirectedDirected and and undirectedundirected graphsgraphs
•• BayesianBayesian networksnetworks
•• BooleanBoolean networksnetworks
•• GeneralizedGeneralized logicallogical networksnetworks
•• PiecewisePiecewise linear linear differentialdifferential equationsequations
•• QualitativeQualitative differentialdifferential equationsequations
•• PartialPartial differentialdifferential equationsequations
•• RuleRule--basedbased simulation simulation formalismsformalisms
•• GroupoidGroupoid theorytheory
•• ??????



Do we know the cellular or subcellular
concentration of signalling molecules?

Do we know the
stoichiometry and 

kinetics of
interactions of

signalling proteins?
Do we know the

kinetics of activation of
signalling enzymes? Does it matter? What do we do 

about it?

Michaelian or
allosteric?



Digital switch?

Analog switch?



How do we integrate
cooperative ligand binding 

or cooperative node 
activation into models of

signalling networks?



Different ligand-induced receptor 
dimerization/oligomerization models 
(monovalent or bivalent ligand, one
or more subsites per receptor…) 
have different equilibrium and kinetic
caracteristics. Does this have 
consequences for the dynamics of
downstream signaling?

Bell-shaped curves!



Can we transform quantitative cellular
imaging of protein 

localization/interactions (FRET, BRET) 
into quantitative subcellular kinetics?

FRET?



InsulinInsulin
InsulinInsulin
analoguesanalogues IGFIGF--IIII IGFIGF--II

cDNAcDNA MicroarrayMicroarray Gene Gene AnalysisAnalysis

siRNAssiRNAs

THE REVERSE ENGINEERING PROBLEM

REAL-
TIME 

KINETICS



The End
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The beginning?
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