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Lactic acid bacteria (LAB) are used worldwide in the production of fermented dairy products. Lactococcus lactis, a model organism for LAB, is a suitable object for metabolic engineering strategies aiming at the improvement of food quality and human health. However, a deep understanding of the metabolic network as well as of the interdependence relationships at a system level is essential to a rational design of strains. To achieve this ambitious goal, powerful techniques involving global transcriptome and proteome analysis need to be complemented with the analysis of the ensemble of metabolites in the cell, desirably as a function of time.

During the last decade our team directed a considerable effort to the development of in vivo NMR techniques with the goal to characterize and quantify metabolite pools directly in living cells [1-5]. It has become possible to monitor the dynamics of those pools in response to well-defined stimuli, such as a pulse of substrate, a switch in the gas atmosphere (anaerobic/aerobic) or pH, as well as the effect of a specific mutation. 13C-NMR was used for the determination of the dynamic pools of intracellular metabolites with a time resolution of about 30 seconds, since NMR can measure continuously and non-invasively the actual amounts of 13C-label incorporation into specific carbon atoms of different metabolic intermediates. 31P-NMR was used to follow phosphorylated intermediates and the energetic status of the cells, giving a detailed picture of the metabolizing cell.

Examples of our work on the application of 13C-NMR and 31P-NMR to direct metabolic engineering stategies in Lactococcus lactis will be presented. 
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