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Effects of fructose and maltose as aerobic carbon sources on
subsequently anaerobic fermentation by Escherichia coli
NZN111
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Abstract: To understand the effects of sugar whose uptake is dependent or independent on the phosphotransferase system
(PTS), two-stage culture of Escherichia coli strain NZN111 that was constructed by disruption of IdhA and pfIB encoding the
fermentative lactate dehydrogenase (LDH) and pyruvate: formate lyase (PFL) of E. coli W1485, was carried out for organic
acids production. When NZN111 was aerobically cultured on fructose (PTS dependent) or maltose (PTS independent), it
fermented glucose with succinic acid and pyruvic acid as the major products in subsequent anaerobic culture. The experiments
were also performed in a 5-L fermentor. The yields of succinic acid by the fructose-and maltose-grown NZN111 were 0.84 and
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0.75 mol/mol, whereas the yields of pyruvic acid were 0.65 and 0.83 mol/mol, respectively. The final ratio of succinic acid to
pyruvic acid in the anaerobic stage reached 1.73:1 and 1.21:1, respectively. The different behaviors in anaerobic fermentation
by the fructose-, maltose- and glucose-grown NZN111 were likely caused by the regulation of catabolite repression in the

aerobic culture stage.
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Fig. 1 Metabolic pathways in E. coli strain NZN111 under anaerobic condition. Not all the enzyme catalyzed steps and
intermediates are shown. PTS: phosphotransferase transport system; PPC: PEP carboxylase; PCK: PEP carboxykinase; PK: pyruvate
kinase; PPS: PEP synthetase; PDHc: pyruvate dehydrogenase complex; PTA: phosphoacetyltransferase; ACK: acetate kinase; ICL:
isocitrate lyase; MS: malate synthase; MDH: malate dehydrogenase; ME: malic enzyme; FUM: fumarase; SDH: succinate
dehydrogenase; and FRD: fumarate reductase. x indicates inactivated reactions. Dashed line indicates the enzyme activity formed in
aerobic culture.
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Table 1 Effects of fructose and maltose as the carbon sources in aerobic culture of E. coli NZN111 on glucose consumption
and product formation in subsequent anaerobic fermentation in flasks

Anaerobic fermentation

Carbon source in Cell concentration

aerobic culture (g DCWIL)? Consumed Product (g/L) Yield of succinic
— - glucose (g/L) — — — acid (mol/mol)
Initial Final Succinic acid Acetic acid Pyruvic acid
Fructose 3.63 3.08+0.02 9.30+0.24 5.39+0.07 0.22+0.01 3.33+0.03 0.88+0.02
Maltose 431 3.39+0.05 9.17+0.12 5.03+0.04 0.23+0.02 3.47+0.17 0.84+0.01

a: in the anaerobic culture.

F2 FESLEMMEBIEFIERED NZNILL DREZFEABEHRIRE D HIEF R GHEE

Table 2 Metabolic performances of NZN111 cultured on fructose and maltose in the aerobic phase of the two-stage

cultivation
Carbon source tse (h) Hmax (07) Yys (9/9) Yax (9/9) Yws (9/9) ds (9/(g-h)) da (9/(g-h))
Fructose 8.72 0.46 0.43 0.00 0.00 1.07 0.00
Maltose 7.10 0.57 0.42 0.08 0.03 1.35 0.04
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Fig. 3 The cAMP-dependent or independent catabolic regulation of the central carbon metabolism in Escherichia coli®!. Filled
green ellipses represent transcriptional regulators assigned to catabolite control. Non-filled ellipses correspond to proteins (and
ribosome) involved in signal transduction. Red coloured ellipses represent intracellular signalling molecules. Shortdashed lines:
transcriptional regulation; long dashed lines: regulation of enzyme activity. +: positive regulation; —: negative regulation; +/—:

positive and negative regulation.
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