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Simulation

e Bag of ribozymes.

o Algebraic chemistry model.

e Exchange of molecules with the environment.
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Simulation
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Motivation

e Study the early development of metabolism
e Evolution of pathways (different scenarios)
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e Analysis of the metabolic networks

e network structure
e network properties
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Pathway Evolution

Retrograde Evolution

'3

. -

b by by
| + +

End-product can be derived from more and more distant
metabolites
Example: glycolytic pathway, histidine biosynthesis



Pathway Evolution

Forward Evolution
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more efficient extraction through deeper break-down of metabolites
Example: isoprene lipid pathway
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Pathway Evolution

Patchwork Evolution
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Enzyme Recruitment from other Pathways



Pathway Evolution

Comparison
red = older, blue = younger

Retrograde Evolution
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Visualization

bidirectional, bipartite graph

nodes: metabolites, enzymes/reactions

edges: participation in the same reaction

dot layout: flow of mass downwards in the graph (if possible)
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Visualization

Retrograde Evolution Forward Evolution Patchwork Evolution
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Visualization

Flow Concentration

14/31



Visualization

Flow Concentration
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Visualization

Flow Concentration
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Visualization

Flow Concentration

SOURGE

17/31



Visualization

Flow Concentration
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Visualization

Flow Concentration

SOURGE
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Animation
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number of nodes

General network analysis

e Connectivity Distribution

e small vs big
e early vs evolved

e Centrality, Entropy, ...
e simulated vs real world

random networks

real networks (scale-free)
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Connectivity Distribution
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Metabolic network analysis

We have sets of edges forming meaningful complex entities

!

pathways

e number of pathways — flexibilty
e change in case of single/multiple knockouts — robustness

e number of acceptable knockouts — robustness
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Metabolic Pathway Analysis

| Creation of Extreme
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Metabolic Pathway Analysis
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Acceptable Knockouts

Minimal Knockout sets
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Knockout set size distribution
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Knockout effects
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Robustness = 0.51

Robustness
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Robustness = 0.75

Robustness = 0.67
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Future analysis methods

Start/End
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¢ Neutral network of a metabolic network (see RNA, GRN)

e Barrier trees of flux distributions (see xtof)
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