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Figure 1 Culture viability (A,B), total and viable biomass concentrations (C,D), total cell counts and average cell mass (E, F), and specific growth and death rates (G,H) in aerobic, ammonium-limited chemostat and retentostat cultures of S. cerevisiae SUC632. Cultures were grown on glucose, at pH 3 and were sparged with a 1:1 mixture of air and CO2. Left and right panels represent data from steady-state chemostat cultures at different specific growth rates and from retentostat cultures, respectively. In the retentostat cultures, specific growth rates decreased over time (panel H). All data represent averages ± standard errors of data from independent duplicate cultures.
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Figure 2 Biomass specific consumption rates of glucose and production rates of succinic acid and by-products as a function of the specific growth rate () in aerobic, ammonium-limited chemostat and retentostat cultures of S. cerevisiae SUC632. Cultures were grown on glucose, at pH 3 and were sparged with a 1:1 mixture of air and CO2. qbyp represents the sum of the specific production rates of malate, ethanol, glycerol and acetate. All data represent averages of results from duplicate chemostat and retentostat cultures with their standard errors.
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Figure 3 Growth rate dependent division of consumed substrate between growth, succinic acid and byproducts formation in aerobic, ammonium-limited chemostat and retentostat cultures of S. cerevisiae SUC632, at different specific growth rates. Cultures were grown on glucose, at pH 3 and were sparged with a 1:1 mixture of air and CO2.
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Figure 4 Succinic acid yield on glucose during ammonium-limited aerobic retentostat cultivation. Retentostat cultures were grown on glucose, at pH 3 and were sparged with a 1:1 mixture of air and CO2. Specific growth rates at the time points indicated are shown in Figure 1H. All data represent averages with standard errors obtained from duplicate retentostat cultures. 


[bookmark: _Ref39825110]Figure 5
[image: ]
Figure 5 Intracellular adenosine phosphate level, adenylate energy charge and ATP/ADP ratio during aerobic, ammonium limited retentostat cultivation of S. cerevisiae SUC632. Retentostat cultures were grown on glucose, at pH 3 and were sparged with a 1:1 mixture of air and CO2. Specific growth rates at the time points indicated are shown in Figure 1H. Data represent the averages and standard errors of measurements from duplicate cultures. 
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Figure 6  Intracellular levels of the TCA cycle metabolites (A-F) and mass action ratio’s of fumarase and aconitase (G-H) during aerobic, ammonium limited retentostat cultivation of SUC632. Retentostat cultures were grown on glucose, at pH 3 and were sparged with a 1:1 mixture of air and CO2. Specific growth rates at the time points indicated are shown in Figure 1H. Dashed blue lines in Figures G and H represent the apparent in vivo equilibrium constants determined for S. cerevisiae (Canelas et al., 2011). Data represent the averages and standard errors of measurements from duplicate cultures.
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Figure 7 Specific succinic acid production rate plotted as a function of specific glucose consumption rate in aerobic, ammonium-limited chemostat and retentostat cultures of S. cerevisiae SUC632. Cultures were grown on glucose, at pH 3 and were sparged with a 1:1 mixture of air and CO2. All data represent averages with standard errors obtained from duplicate chemostat and retentostat cultivations.
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