[bookmark: _Toc221305817][bookmark: _Toc381555200][bookmark: _Toc381555209]Supplementary Material
S1: Physiological characteristics of S. cerevisiae steady-state cultures
[bookmark: _GoBack]S. cerevisiae steady-state cultures were characterized by the yields of cell mass, CO2, ethanol and acetate on glucose, as well as the uptake respectively production rate of glucose and ethanol (Table S1). Carbon balances were calculated from yield coefficients to confirm data consistency. For D = 0.05 h-1, the yield of biomass (YSX), was around 58% (Table S1), consistent with literature data for respiratory metabolism (Dijken et al., 2000). No metabolite accumulation was detected, indicating absence of overflow metabolism, which is in accordance with earlier observations (Postma et al., 1989). For D = 0.3 h- 1, yield of biomass was lower and accompanied by accumulation of ethanol and small amounts of acetate as also seen in (Diderich et al., 1999). These results were in agreement with previous results showing the onset of respiro-fermentative metabolism at D = 0.28 h-1 (Hoek et al., 1998) for the laboratory strain CEN.PK113-7D upon which our strain is based. Yield of CO2 (YSCO2) decreased with increasing D, whereas specific substrate uptake rate (rS) and specific ethanol production rate (rEthanol) increased in agreement with (Postma et al., 1989) and (Hoek et al., 1998). All yields showed low standard deviations confirming steady-state on physiological level and high reproducibility between replicates. Carbon balances closed within 8% for the highest D and 11% for the lowest D. This carbon balance variation could be explained by differences in biomass yield compared to earlier studies and absence of glycerol production (Larsson et al., 1993; Hoek et al., 1998). 

Table S1 yields, carbon balances and consumption respectively production rates for glucose and ethanol for aerobic, glucose-limited continuous cultures of S. cerevisiae FE440 at different dilution rates. 

	Chemostat parameter
	D=0.05 h-1
	D=0.3 h-1

	YSX [C-mole/C-mole]
	0.58±2·10-2
	0.22± 1·10-2

	YSCO2 [C-mole/C-mole]
	0.53± 2·10-2
	0.27± 1·10-2

	YSEth [C-mole/C-mole]
	-
	0.42± 1·10-2

	YSAce [C-mole/C-mole]
	-
	0.01± 1·10-4

	rS [gGlucose/gCells·h]
	0.10± 1·10-2
	1.61± 5·10-2

	rEthanol [gEthanol/gCells·h]
	-
	0.52± 1·10-4

	Carbon balance 
	1.11± 5·10-2
	0.92± 1·10-2


D, dilution rate; YSX, growth yield on glucose; YSCO2, yield of CO2 on glucose; YSEth, yield of ethanol on glucose; YSAce, yield of acetate on glucose; rS, specific glucose uptake rate; rEthanol, specific ethanol production rate; Yields are ratios of cell mass, CO2, ethanol respectively acetate per amount of consumed substrate. Data are presented with standard deviations obtained from biological triplicates from samples taken at three subsequent residence times. 


S2: Amphotericin Test S. cerevisiae
The robustness of bioreactor populations was tested using the S. cerevisiae reporter strain to identify subpopulations with different fluorescence responses to freeze-thaw stress, with the GFP signal as a measure of membrane integrity (Carlquist et al., 2012). The main underlying reason for reduced cellular fluorescence after freezing was suspected to be a reduction in GFP fluorescence originating from a shift towards lower intracellular pH due to leaking membranes and the low extracellular pH, which was kept at 5. However, actual loss of intracellular GFP may also be a cause. To evaluate the mechanism further, yeast cells were permeabilised with Amphotericin B followed by incubation in buffers with different pH before flow cytometry analysis. Amphotericin B is an antifungal drug, which binds ergosterol in membranes, forming transmembrane pores that allow the passage of ions but not proteins (Medoff et al., 1972). Flow cytometry analysis of the permeabilised yeast cells exhibited a linear decrease in fluorescence as the external pH dropped below 7 (data not shown). As the values obtained for incubations with a buffer at pH 5 were equal to those seen for frozen cells, it was concluded that the reduction in fluorescence caused by freezing is dominated by changes in intracellular pH.

S3: physiological response of S. cerevisiae to glucose perturbation
Cultures with a low dilution rate of D= 0.05 h-1 (Figure S1) displayed batch-culture-like behavior with sharp increase in CO2 production, overflow metabolism and concomitant ethanol and acetate accumulation when perturbed with a 1 g.L-1 glucose pulse, consistent with (Visser et al., 2004). In contrast, respiro-fermentative cultures (D= 0.3 h-1) showed slight increases in CO2 generation, consumed the extra glucose at a slower rate than slower-growing cultures and did not show increased ethanol or acetate production. 
 [image: C:\Users\Heins\Documents\MATLAB\Anna Heins MATLAB\MATLAB\Data MATLAB\matlabhome\MATLAB for pulse\pulse files\pulse files\pulse files\figure_S3_ch6_21052019.tif]
Fig. S1 yeast culture responses to glucose pulse. A 1 g.L-1 glucose pulse was introduced to aerobic, glucose-limited chemostats of S. cerevisiae growing at D = 0.05 h-1 (top) and 0.3 h-1 (bottom). Glucose (g.L- 1, black), CO2 (v/v %, grey), ethanol (g.L-1, green) and acetate (g.L-1, red) concentrations are shown before and after the glucose pulse including error bars for biological triplicates. Dashed lines mark the time point of the pulse 

S4: E. coli freezing test
Prior to population heterogeneity experiments using the E. coli GFP-reporter strain to measure membrane robustness after freeze-thaw stress, experiments were conducted on fresh and frozen cells to determine if freezing resulted in leaky membranes that could be detected as a reduction in GFP signal in cells kept in buffers at pH 5.5–7.5. 
Materials and Methods. Freezing tests were done in shaker flasks using minimal medium (Xu et al., 1999) as in chemostat cultures. Triplicate samples were collected from each growth phase and divided into three subsamples for direct measurement, flash-freezing in liquid nitrogen with 15 % glycerol, and slow-freezing at -80 °C with 15% glycerol. To avoid degradation, 20 samples were thawed at a time, centrifuged, and re-suspended in 0.9% NaCl. The maximum lag between the first and tenth analyzed samples was 10 min. Re-analysis of first samples after analysis of last samples gave identical results, indicating that intracellular GFP concentration was not influenced by sample preparation (data not shown).
Results. Frozen cells analyzed at pH 7 displayed fluorescence pattern similar to fresh cells, independent of growth phase or freezing method (data not shown). Fluorescence distribution remained the same with and without freezing for E. coli cells analyzed at pH 6.5–7.5 (Figure S2). In contrast, GFP fluorescence of freeze-thawed cells declined when the cells were re-suspended in buffers below pH 6 consistent with yeast results and the pH dependence of GFP (Robey et al., 1998). Based on these results, we analyzed the membrane robustness of E. coli using GFP fluorescence measurements of frozen cells at pH 5.5 and 7, with GFP fluorescence at pH 7 as reference for intact cells. 
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Fig. S2 effect of freeze-thaw stress on GFP signal distribution of E. coli cells at different pH values. Histograms for GFP fluorescence of the E. coli reporter strain analyzed at pH 5.5–7.5. Black, non-frozen cells; grey, frozen cells

[bookmark: _Toc381555214]S5: Physiology of E. coli cells at steady-state conditions
Yields on glucose for cell mass, CO2 and metabolites produced in significant amounts, as well as the computed glucose uptake were determined for steady-state E. coli cultures (Table S2). Carbon balances were calculated from yield coefficients to confirm data consistency. Biomass yields on glucose were 0.44 cmole/cmole for the low D and 0.57 cmole/cmole for high D. Yields were lower than reported in literature for E. coli K12 on the same medium: biomass yields of 0.6 cmole/cmole are reported for dilution rates below 0.4 h-1 and biomass yield increases with increasing D to a maximum of 0.69 cmole/cmole before tapering at higher rates (Kayser et al., 2005). Similar to S. cerevisiae cultures, at low growth rates (D = 0.1 h-1 and D = 0.36 h-1), E. coli cultures showed strict respiratory metabolism with no acetate formation. Literature data suggest a shift to respiro-fermentative growth at D values above 0.4 h-1 with concomitant acetate production (Nanchen et al., 2006). However, we observed only a small amount of acetate at the highest growth rate of D = 0.51 h-1, consistent with (Hua et al., 2004), who detected no acetate excretion with biomass yields that were similar to our results. We also observed low lactate concentrations (<0.1 g.L-1) (data not shown), but formation of formate at higher D values. Surprisingly, also small amounts of glycerol were produced at all tested D values. Our low standard deviations for calculated yields and carbon balances closing with a maximum error of 5% demonstrated high data consistency. 
Table S2 yields, carbon balance and glucose consumption rate at different dilution rates for aerobic, glucose-limited E. coli MG1655/pGS20PfisGFPAAV chemostat cultures.
	Chemostat parameter
	D =0.1 h-1
	D =0.36 h-1
	D =0.51 h-1

	YSX [C-mole/C-mole]
	0.44± 2·10-2
	0.58±2·10-2
	0.56± 2·10-2

	YSCO2 [C-mole/C-mole]
	0.49± 1·10-4
	0.37± 1·10-4
	0.36± 1·10-4

	YSAce [C-mole/C-mole]
	0.001± 1·10-4
	0.001± 5·10-4
	0.003± 1·10-3

	YSGly [C-mole/C-mole]
	0.007± 2·10-3
	0.003± 1·10-4
	0.004± 1·10-3

	YSFor [C-mole/C-mole]
	-
	0.03± 3·10-3
	0.03± 1·10-3

	rS [gGlucose/gCells·h]
	0.18± 9·10-2
	0.78± 4·10-2
	0.94± 1·10-4

	Carbon balance
	0.95± 2·10-2
	0.98± 2·10-2
	0.96± 2·10-2


D, dilution rate; YSX, growth yield on glucose; YSCO2, yield of CO2 on glucose; YSAce, yield of acetate on glucose; YSGly, yield of glycerol on glucose; YSFor, yield of formate on glucose; rS, specific glucose uptake rate; Yields are ratios of cell mass, CO2, acetate, glycerol respectively formate per amount of consumed substrate. Data are presented with standard deviations obtained from biological triplicates with samples taken at three subsequent residence times.


S6: physiological response of E. coli to glucose perturbation
Pulsed glucose was depleted after 30 min for D = 0.1 h-1 and after 37 min for D = 0.36 h-1 and D = 0.51 h- 1 (Figure S3). No formation of acetate or other metabolites was detected as a consequence of the pulse at 0.1 h- 1 consistent with earlier findings for respiratory metabolism (Kayser et al., 2005). Due to overflow metabolism, small amounts of acetate and glycerol were present at steady-state for D = 0.36 h-1 and D = 0.51 h-1 and increased up to 0.1 g.L-1 respectively 0.15 g.L-1 after the pulse (connected with a rise in CO2). After glucose depletion, acetate was consumed connected to a second rise in CO2 level. Acetate reduction was slower for D = 0.51 h-1 than for D = 0.36 h-1, because cells were already in overflow metabolism and unable to re-assimilate produced acetate, which was probably diluted rather than consumed.
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Fig. S3 perturbation of E. coli cultures after 0.45 g.L-1 glucose pulse. Shown are profiles for aerobic, glucose-limited chemostat cultures grown at D = 0.1 h-1 (A), 0.36 h-1 (B), 0.51 h-1 (C). Glucose (g.L-1, black), acetate (g.L-1, red), glycerol (g.L-1, pink), CO2 (v/v%, grey) and formate (g.L-1, blue) concentrations before and after the glucose pulse including error bars for biological triplicates
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