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Abstract: Genome-scale models (GEM) of microbial metabolism may be key assets for the biotechnology 

industry due to their ability to predict and describe microbial phenotypic characteristics. Here we present 

and perform a diversity of strategies, including Possibilistic Flux Analysis, for validation of 9 industrially 

relevant Escherichia coli constraint-based models. Furthermore, a model of a different E. coli strain with 

probiotic capabilities has been established and validated. These models and strategies will be of great 

value for identifying products of biotechnological interest. 
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1. INTRODUCTION 

In this extended abstract, we aim to present the exploration 

and selection of strategies to build and validate constraint 

based, genome-scale models (GEM) of microbial 

metabolism, for industrially relevant microorganisms.  

Constraint-based models are reconstructions of microbial 

metabolism, resulting from computational representation of 

biochemical networks derived from the whole genome 

annotation of the candidate microbial strains.  

In this work, the approach will be developed for a variety of 

industrially relevant strains of a canonical species, 

Escherichia coli, and particularized for a reference strain, 

Escherichia coli Nissle 1917, an established probiotic, used to 

treat gastrointestinal disorders (Scakdaferri, 2016).  

2. METHODS 

Model reconstruction was achieved by applying automatic 

reconstruction tools, ModelSeed, Henry, C.S., 2010), 

generating a first draft of functionalities encoded by the 

strain's own genes. In parallel, curated models of reference E. 

coli strains, such as K12 MG1655 (Orth, J.D, 2011), widely 

studied and validated, were used as a basis by incorporating 

all shared reactions and metabolites. Gene orthology was 

identified by a reciprocal blast best hit method, with a 

percentage of homology greater than 85%. 

Gaps, reversibilities and redundancies were manually curated 

for all analysed strains. For the merge, manipulation, study 

and development of the models Python 3 and the COBRApy 

library (Ebrahim, A., 2013) were used. 

 

 

Consistency analysis was conducted by estimating growth 

and consumption rates of main carbon sources, in aerobic and 

anaerobic conditions, in comparison with available 

experimental data for analysed E. coli strains (Monk J, 2016; 

Revelles, 2013). Flux analysis methods such as FBA, FVA, 

Markov Monte Carlo chains and Possibilistic Flux Analysis 

(Morales, 2016) were used to estimate the steady-state 

metabolic, internal and external, fluxes. The Escher tool 

(King, Z.A., 2015) was used for the graphic representation of 

the fluxes. 

Analysis and detection of disconnections was conducted by 

topological analysis, as well as by flux consistency analysis 

to discover inconsistencies that appear as gap metabolites and 

blocked reactions (Ponce de León, 2013). 

3. RESULTS 

Different flux analysis and estimation methodologies have 

been compared as consistency validation tools for genome-

scale reconstructions, among 9 industrially relevant 

Escherichia coli strains.  

In addition, a genome-scale metabolic model has been 

reconstructed, established and validated against experimental 

data, for a microorganism with probiotic capability, 

Escherichia coli Nissle 1917. It achieves that all known 

experimental values fit the flux distributions corresponding to 

at least 85% of the optimal network functionality.  

The models have been used to simulate the growth and 

performance in a variety of culture conditions of these 

microorganisms, including various oxygen availability and 

carbon sources, as a predictive tool to gain understanding of 

its microbial physiology. 

  



     

4. DISCUSSION 

Very few examples of GEM models of microorganisms with 

probiotic capacity are available. This works provides a basis 

for the selection of consistency and analysis methodologies, 

and applies the approach to successfully predict their growth 

capability over different carbon sources and fermentation 

phenotypes, and culture yields under different conditions. 

This will be the basis for targeting improvement experiments, 

identifying essential growth factors and analysing the 

production of metabolites of functional interest. 
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