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            Abstract
In metabolism, available free energy is limited and must be divided across pathway steps to maintain a negative Î”G throughout. For each reaction, Î”G is log proportional both to a concentration ratio (reaction quotient to equilibrium constant) and to a flux ratio (backward to forward flux). Here we use isotope labeling to measure absolute metabolite concentrations and fluxes in Escherichia coli, yeast and a mammalian cell line. We then integrate this information to obtain a unified set of concentrations and Î”G for each organism. In glycolysis, we find that free energy is partitioned so as to mitigate unproductive backward fluxes associated with Î”G near zero. Across metabolism, we observe that absolute metabolite concentrations and Î”G are substantially conserved and that most substrate (but not inhibitor) concentrations exceed the associated enzyme binding site dissociation constant (Km or Ki). The observed conservation of metabolite concentrations is consistent with an evolutionary drive to utilize enzymes efficiently given thermodynamic and osmotic constraints.
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                    Figure 1: Tracing forward-to-backward flux through TPI.[image: ]


Figure 2: Metabolic flux distributions in mammalian iBMK cells, yeast and E. coli.[image: ]


Figure 3: Reaction free energy determined with isotope tracers in mammalian iBMK cells, yeast and E. coli.[image: ]


Figure 4: Integration of flux and concentration measurements via Î”G.[image: ]


Figure 5: Conservation of absolute metabolite concentrations.[image: ]


Figure 6: Comparison of absolute concentrations to enzyme binding site affinities for substrates and for inhibitors.[image: ]
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