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Effect of different carbon sources on pyruvic acid production
by using IpdA gene knockout Escherichia coli

Donggian Shen, Xiaoyu Feng, Dongqgiang Lin, and Shanjing Yao
Department of Chemical and Biochemical Engineering, Zhejiang University, Hangzhou 310027, China

Abstract: We studied the ability of IpdA4 gene knockout Escherichia coli to ferment different sugars in mineral salts medium for the
production of pyruvate. The sugars studied were glucose, fructose, xylose and mannose at a concentration of 10 g/L. At the same time,
effect of inoculum size on /pdA fermentation with glucose was studied. The strain was able to use all sugars for biomass generation
and pyruvate production. The /pd4 knockout mutant converted glucose, fructose, xylose and mannose to pyruvate with yields of
0.884 g/g, 0.802 g/g, 0.817 g/g and 0.808 g/L, respectively. The pyruvate accumulation curve coupled with cell growth except for
mannose as carbon source. When the inoculation size increased, the rate of glucose consumption, pyruvate accumulation and cell
growth increased but lower pyruvate concentration. This study demonstrates that E. coli IpdA mutant has the potential to produce

pyruvic acid from xylose and mannose.
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Fig. 1 Central metabolic pathways of /pd4 gene knockout E. coli. 3PG: 3-phosphoglycerate; 6PG: 6-phosphogluconate; 6PGDH:
6-phosphogluconate dehydrogenase; Ac: acetate; AcCoA: acetyl coenzyme A; Acn: aconitase; ADH: alcohol dehydrogenase; CIT:
citrate; CoA: coenzyme A; E4P: erythrose-4-phosphate; Eda: KDPG aldolase; Eno: enolase; ETH: ethanol; FI1,6P:
fructose-1,6-bisphosphate; F6P: fructose-6-phosphate; FBPase: fructose-1,6-bisphosphatase; Fum: fumarase; FUM: fumarate; G3P:
glyceraldehyde-3-phosphate; G6P: glucose-6-phosphate; G6PDH: glucose-6-phosphate dehydrogenase; GAPDH:
glyceraldehydes-3-phosphate dehydrogenase; GLC: glucose; ICIT: isocitrate; ICDH: isocitrate dehydrogenase; LAC: lactic acid; LDH:
lactate dehydrogenase; MAL: malate; MDH: malate dehydrogenase; Mez: malic enzyme; OAA: oxalacetic acid; Pck: pyruvate
carboxykinase; PEP: phosphoenolpyruvate; Pfk: phosphofructokisnase; PFL: pyruvate formate lyase; Pgi: phosphoglucose isomerase;
PoxB: pyruvate oxidase; Ppc: phosphoenol pyruvate carboxylase; Pps: phosphoenolpyruvate synthase; PTS: phosphate transfer
system; Pyk: pyruvate kinase; PYR: pyruvic acid; RSP: ribose-5-phosphate; Rpe: ribulose-5-phosphate epimerase; Rpi:
ribulose-5-phosphate; RuSP: ribulose-5-phosphate; S7P: sedoheptulose-7-phosphate; Sdh: succinate dehydrogenase; SUC: succinate;
SUC-CoA: succinyl coenzyme A; Tal: transaldolase; Tkt: transketolase; X5P: xylulose-Sphosphate; a-KG: a-ketoglutarate; a-KGDH:
a-ketoglutarate dehydrogenase; a-KGPD: 2-keto-3-deoxy-6-phosphogluconate.
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Table 1 Comparison of yields using different carbon sources

Carbon source Glucose Fructose Xylose Mannose

Yield(g/g) 0.88440.08 0.80240.07 0.81720.07 0.808=40.08
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Fig. 3 Effect of different sugar sources on the fermentation of /pd4 mutant under aerobic condition. (A) Pyruvate accumulation
curves. (B) Sugar consumption curves. (C) Growth curves. A Glucose; m Fructose; ® Xylose; ¥ Mannose.
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