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Constraint-based Modeling
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Escherichia coli Metabolic Network



Road Map – getting from A to B



Flux Balance Analysis
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Adaptive Evolution

• Serial passage during exponential
growth

• Stable growth rate achieved at end
of evolution

• Cells frozen throughout evolution for
phenotype testing

Fong et al., Genome Research 2005



3-D Phase Plane



Fitness - Growth rate or efficiency?

Fong et al. 2003 J. Bacteriology

Optimal yield and improved GR Improved GR and non-optimal yield

Optimal Efficiency
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Deletion strains

Predicted growth rate calculated
computationally using experimentally
measured uptake rates

ack Knockout on Glucose
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Road Map – Revisited



More Detail Please!

Pathway
• Obtain transcriptomic or

proteomic data

• Mixed-integer linear
programming with model

Metabolic network
corresponding to experimental
state

Reaction
• Genome re-sequencing

• Bioinformatic and molecular
biology to determine effects

Characterization of enzymatic
changes



Mapping Transcriptomic or Proteomic data

Detected Not detected

Nonzero flux

Zero flux

*lower bound,
biomass flux > 0Schlomi et al 2008 Nature Biotech.



Illumina Genome Re-sequencing

• Range of Fold coverage: 0-1000+

• Average Fold coverage: 56x

• 1st pass analysis on fragments with unique alignment with maximum of one
mismatch



Sample Re-sequencing Results

pta-adhE strains (5) pta-pfk strains (3)

Strain Fold % call Mutations
1 5 85 17
2 5 85 15
3 5 85 27

Criteria

Strain Fold % call Mutations
1 25 85 18
2 10 85 13
3 20 85 11
4 30 100 35
5 30 100 22

Criteria

84
genes

51
genes4

2 mutations in
multiple strains



Potenial Applications

• Computational strain design (couple multiple objectives)

• Evolution-produced stable strains

• Increase cellulase expression/activity
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