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MMMMOOOODDDDEEEELLLL O O O ORRRRGGGGAAAANNNNSSSSIIIIMMMM - H - H - H - HAAAALLLLOOOOBBBBAAAACCCCTTTTEEEERRRRIIIIUUUUMMMM S S S SAAAALLLLIIIINNNNAAAARRRRUUUUMMMM

[Marwan; Oesterhelt 1999][Marwan; Oesterhelt 1999][Marwan; Oesterhelt 1999][Marwan; Oesterhelt 1999]

external signals

Bio energetics

reaction: 
direction of
movement
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HHHHAAAALLLLOOOO    BBBBAAAACCCCTTTTEEEERRRRIIIIUUUUMMMM - B - B - B - BEEEEHHHHAAAAVVVVIIIIOOOOUUUURRRR

Move away from 

unfavorable conditions

Move toward favorable 

conditions
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WETLAB  EXPERIMENTS - OBSERVED BEHAVIOUR

colours distorted
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���� Qualitative 

Protein A rises, then falls before rising again.

Protein B starts decreasing after the first peak of A until it reaches its steady state.

Protein C peaks between the two peaks of A.
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WETLAB  EXPERIMENTS - OBSERVED BEHAVIOUR

���� Qualitative 

Protein A rises, then falls before rising again.

Protein B starts decreasing after the first peak of A until it reaches its steady state.

Protein C peaks between the two peaks of A.

���� Semi-qualitative

Protein rises then falls to less than 50% of its peak concentration.

���� Semi-quantitative

Protein rises then falls to less than 50% of its peak concentration at 60 minutes.

���� Quantitative

Protein rises then falls to less than 100 microMol at 60 minutes.

Models explaining these observations ?
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MODELS IN SYSTEMS BIOLOGY

biosystem
natural model

observed
behaviour

wetlab 
experiments

formalizing 
understanding

MMMMOOOODDDDEEEELLLLLLLLIIIINNNNGGGG    =         =         =         =     FFFFOOOORRRRMMMMAAAALLLL    KKKKNNNNOOOOWWWWLLLLEEEEDDDDGGGGEEEE    RRRREEEEPPPPRRRREEEESSSSEEEENNNNTTTTAAAATTTTIIIIOOOONNNN
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WHAT KIND OF MODEL 
SHOULD BE USED?

(BIOCHEMICAL  NETWORKS)
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NETWORK REPRESENTATIONS, EX1
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FORMAL SEMANTICS ?

ANALYSABILITY ?

EXECUTION ?
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NETWORK REPRESENTATIONS, EX2
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-> -> -> -> IIIINNNNTTTTEEEERRRRPPPPRRRREEEETTTTAAAATTTTIIIIOOOONNNN ?           ?           ?           ?          
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NETWORK REPRESENTATIONS, EX3
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NETWORK REPRESENTATIONS, EX3

READABILITY    

CAUSALITY    ?

UNIQUE STRUCTURE    ?
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BIO NETWORKS, SOME PROBLEMS

���� knowledge -> PROBLEM 1

-> uncertain

-> growing, changing

-> distributed over independent data bases, papers, journals, . . .

���� various, mostly ambiguous representations -> PROBLEM 2

-> verbose descriptions

-> diverse graphical representations

-> contradictory and / or fuzzy statements

���� network structure -> PROBLEM 3

-> tend to grow fast

-> dense, apparently unstructured

-> hard to read

MODELS ARE 

PATCHWORKS  
FULL  OF ASSUMPTIONS
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BBBBIIIIOOOO N N N NEEEETTTTWWWWOOOORRRRKKKK R R R REEEEPPPPRRRREEEESSSSEEEENNNNTTTTAAAATTTTIIIIOOOONNNNSSSS    SSSSHHHHOOOOUUUULLLLDDDD    BBBBEEEE

����   readable & unambigious

      -> fault avoidant model construction

����   various abstraction levels

����   locality - causality - concurrency

����   compositional

����   executable

      -> to experience the model, spec. causality

���� analysable, with unifying power

-> formal = mathematical representations

-> high-level description for various analysis approaches

���� AS SIMPLE AS POSSIBLE  
-> how many model types do we need ?
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MODELLING   =  ABSTRACTION

���� hierarchical organisation of components -> model va riables

genes, molecules, organelles, cells, tissues, organs, organisms

���� functionality of atomic events

chemical reactions with/out stoichiometry, conformational change, transport, . . .

���� time

qualitative versus quantitative models

���� individual vs population behaviour  

���� (hierarchical) space

���� shape and volume of components

���� biosystem development
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A USE CASE 
(LET‘S LOOK IN THE FUTURE)
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USE CASE: PERSONALISED  MEDICINE
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