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3. Model Formulation and conditions 

In previous work (Lasry Testa et al., 2016), we studied the behaviour of the network 
under different limiting conditions showing that for the strain considered, growth and 
ethanol production are decoupled. 

To obtain the maximal theoretical growth rate and ethanol production we use the Flux 
Balance Analysis approach (FBA) as suggested by Savinell and Palsson(1992). This 
approach is also used to study flux distributions presented in this work. 
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 Single level MILP Problem 
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To study the possibility of coupling ethanol production to biomass formation in 
Synechocystis, we formulate a bi-level problem, as suggested by Ranganathan et al. 
(2010). The inner level problem minimizes ethanol production subject to the metabolic 
network mass balances, and the outer level problem minimizes the number of knock-outs 
required to achieve coupling of ethanol production to cell growth. The inner problem 
constraints come from the FBA formulation. Binary variables (yj) are introduced to 
represent knock-outs when equal to 1. We set a lower bound on ethanol flux to ensure a 
reasonable minimal production (Eq. (1)). We consider a set of essential reactions that 
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metabolism and the ornithine aminotransferase (OAT) of the arginine, glutamate, 
glutamine metabolism. Elimination of the reaction catalysed by glutamate-5-
semialdehyde dehydrogenase cuts off carbon flux to the succinate synthesis. The 
elimination of this set of reactions causes a decrease on the maximal growth rate, but 
successfully couples ethanol production. The new maximal biomass production is 0.065h-

1, showing a drop of 14%. Ethanol production obtained for the new maximal growth is 
0.046 mmol gDW-1 h-1, which compared to the theoretical maximum obtained is 
considerably low. 
The in silico results show equal ethanol production through the acetate natural pathway 
contained in Synechocystis and through the heterologous pyruvate decarboxylase 
pathway, i.e., if the model is forced to use the PDC pathway, the knock-outs and 
productions obtained are the same (Results not shown). There is no experimental 
information about the flow capacity of each pathway to incorporate to the model, although 
there is experimental evidence of the production of acetate in Synechocystis (Xiong et al. 
2015). 

 
 
Figure (1): Reaction network showing the knockouts needed for the coupling. Crosses indicate the 
5 knock outs proposed by the model. 

5. Conclusions 

In this work, we propose a strategy to couple cell growth to ethanol production in silico, 
by solving a bilevel programming problem within the context of genomic scale metabolic 
networks. Among others, the model predicts knock-outs over the acetate production 
pathway and the results are the same taking into account the natural or the heterologous 
ethanol production pathway. Experimental evidence of the activities of these two possible 
pathway is needed. Numerical results show that, although the objective of coupling is 
achievable, ethanol productivity is very low as compared to the case of other 
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