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The central goal of this work is to develop methods and algorithms to integrate information from different sources in order to derive effective models for genetic and metabolic networks.

To address these problems, it is particularly important to obtain and use high quality and accurate dynamic expression data. The extraction of information about the connectivity and regulatory structure of metabolic networks from dense time series of metabolite concentrations is a challenging task because it usually requires nonlinear estimation methods that involve iterative search algorithms.

In metabolic modeling, concentrations of metabolites can be described in terms of coupled ordinary differential equations that involve unknown parameters values, corresponding to certain fundamental properties of the system. Under this approach, a particular class of differential equations, known as S-systems, is commonly used to model biochemical networks. This formulation has the appealing feature that the underlying metabolic network topology can be estimated along with other parameters, but presents some problems when control signals must be considered.
The present work addresses the study of the dynamical model of glycolysis in Lactococcus lactis, simulating and expanding a study recently conducted (Voit et al., 2006). The metabolic data used correspond to time series representing metabolite concentrations, which in this case were obtained previously by NMR (Neves et al., 1999; Neves et al., 2002) for different initial conditions of the glucose concentration pulse.
A top-down approach where the network topology and the parameters are obtained directly from time series of metabolite concentrations has been used. The network topology that we propose is slightly different from the one previously proposed by Voit et al.. The model can not be considered to be formulated as an S-system since we have introduced control signals that correspond to genetic control. With this control variables it is possible to compare the model behavior to a different set of results obtained with mutant strains with altered expression of genes that transcribe for the main enzymes in the pathway (such as LDH, ALD and NADH oxidase).
In this new model we focused on the glucose uptake by the phosphoenolpyruvate:sugar-phosphotransferase system (PEP:PTS) and described the dynamics of glucose depletion for different initial conditions, namely for a 20mM and 40mM glucose pulse. We speculate that a saturation phenomenon might occur which justifies the second order decay of glucose.
In previous work (e.g. Voit et al., 2006) both 3-PGA and PEP are considered highly noisy in their “steady-state” phase towards the end of the experiment. In our model we speculate that, due to the reversibility of the reactions, we actually have an oscillation behavior between these two pools. The kinetic parameters of these coupled differential equations were adjusted simultaneously for the different experimental conditions by non-linear regression.

The model implementation and the simulations performed are available as MATLAB and SIMULINK functions.
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