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Integrative system-wide modeling of 
metabolic and regulatory processes in 
Escherichia coli
Genome-scale metabolic models have become a fundamental tool for 
examining metabolic principles. However, metabolism is not solely charac-
terized by the underlying biochemical reactions and catalyzing enzymes, 
but also affected by regulatory events. Since the pioneering work of Cov-
ert et al. [doi:10.1038/nature02456] as well as Shlomi et al. [doi:10.1038/
msb4100141], it is debated, how regulation and metabolism synergistically 
characterize a coherent cellular state. The first approaches started from 
metabolic models which were extended by the regulation of the encoding 
genes of the catalyzing enzymes. By now, bioinformatics databases allow 
addressing the challenge of integrating regulation and metabolism on a 
system-wide level. Here, we integrate information from several bioinfor-
matics databases into a network for Escherichia coli including major cellu-
lar processes, from metabolic processes via protein modification to a vari-
ety of regulatory events. Besides transcriptional regulation, we also take 
into account regulation of translation, enzyme-activities and reactions. As 
a result, we can represent coherent cellular states as active subnetworks 
for various environmental scenarios, (an)aerobic growth conditions as 
well as different nutrient availabilities. Moreover, by means of topological 
analyses we are able to make predictions about the expansion of meta-
bolic and/or regulatory modifications and their impact on the cellular state 
capturing both, metabolism and regulation. Finally, we illustrate that this 
modeling approach enables substantial insights in genetic and metabolic 
engineering and their cross-over effects on metabolism and gene regula-
tion.
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Reconstruction of a genome-scale 
metabolic model for Actinobacillus 
succinogenes
Actinobacillus succinogenes, a gram-negative bacterium, is one the most 
promising natural producers of succinate. This chemical has been well es-
tablished as a bio-based chemical platform to produce bulk chemicals and 
other biomaterials, but the costs associated with the bioproduction of suc-
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cinate are still discouraging. One of the reasons is that succinate is often 
produced together with other fermentative products like formate, acetate 
and ethanol under anaerobic conditions, which reduces the cost-effective-
ness of this bioprocess1. Systems biology approaches may provide valuable 
insights into the metabolism underlying the homofermentative production 
of succinate and contribute to new developments in the bio-based produc-
tion of succinate2.In this work, a genome-scale model of the metabolism 
of A. succinogenes, accounting for 500 genes, 930 reactions, and 690 
metabolites, was reconstructed and validated. Flux Balance Analysis and 
Flux Variability Analysis were used to investigate flux distributions within 
the metabolic network. A thorough model-driven analysis was performed 
to explore the metabolism under hetero- and homo-fermentative condi-
tions.The model provided valuable insights into the metabolism of this 
bacterium and has the potential to predict the phenotypes of perturbed 
metabolic networks that promote the homofermentative production of 
succinate.

Acknowledgements: This work was financially supported by BRIGIT (KBBE-
2012-6-311935, FP7 project Contract nr 311935) and PEM – “Platform for 
Metabolic engineering” co-funded by the ERDF (Nº23060).

Reference:

1) Mckinlay, J. B., et al. Appl.Environ.Microbiol. 71,(2005).  2. McKinlay, J. B. et al. BMC Genomics 11, 680(2010).

61| Charusanti, Pep
University Of California, San Diego (UCSD), United 

States

Co-authors: 
Kathleen A. Andrews, Elizabeth Brunk, Jonathan M. 
Monk, Bernhard O. Palsson

Many bacterial metabolic enzymes exhibit low-level side activities that 
do not affect the wild-type cell, but become important when the cell has 
received a genetic, environmental, or other perturbation.  In such cases, 
these side activities often form the starting point for the evolution of new 
protein functions.  Here we describe a case in which mutations in gadB 
help to increase the growth rate of a pabC / ubiC double knockout in E. 
coli after adaptive laboratory evolution.  Homology modeling suggests 
that the mutated variant of GadB has acquired the ability to catalyze the 
same essential reaction normally associated with PabC and UbiC.  These 
results point to a general strategy to uncover enzymes with uncharacter-
ized side activities and engineer them to catalyze reactions of interest, 
which might then be useful in fields such as metabolic engineering and 
strain design.
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