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Effect of different dissolved oxygen concentrations on
metabolism in Corynebacterium glutamicum
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Abstract: [Objective] We cultivated Corynebacterium glutamicum under 0, 30 and 50% dissolved
oxygen (DO) to study the change of metabolism. [Methods] The change of substance metabolism
was studied by detecting the content of organic acids and amino acids, the activity of key enzymes
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and expression of their coding genes under different DO level. Meanwhile, the effect of different DO
level on energy metabolism was analyzed by detecting the content of cellular reducing power and
ATP. [Results] DO level affected metabolism in C. glutamicum and the content of organic acids and
amino acids was also changed. Especially under low DO level, cellular oxidative phosphorylation
was weakened, resulting in the decrease of ATP provided for life activity. Therefore, the excessive
substrate-level phosphorylation was needed to generate ATP for meeting the demand of life activity.
In this case, the accumulation of cellular NADH increased; the flow of TCA cycle decreased and
switched to the glycolysis pathway and glyoxylate cycle. As a result, a variety of organic acids and
amino acids was generated, including lactate, valine and leucine and so on, which can further
influence the production of target product under zero dissolved oxygen concentration. [Conclusion]
The results are of certain guiding significance for taking further measures to optimize the control
strategy of dissolved oxygen and improve product yield in fermentation of Corynebacterium
glutamicum.

Keywords: Corynebacterium glutamicum, Dissolved oxygen, Metabolites, Enzyme activities, Key
genes
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Table 1 The special primers used for real-time PCR DO  30% 50%

Gene symbol Sequence (5'—3")

NCgl0909 FR ATGATGCTGACCACCCACTACC (0) 44.7%
CACGAAACTGATGATCGACTTCTC
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GGTGTTGAGTCCGAACCAGTTAGAG
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CCTTGGCGTCGATAATGTG
NCgl2167 FR AGCCCTCGGATGACTCTAA
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Figure 1 Profiles of regular parameters under different dissolved oxygen concentrations
A ODsoo B (CDW) C

Note: A: Changes of ODgg under different dissolved oxygen concentrations; B: Changes of cell dry weight under dlfferent dissolved oxygen
concentrations; C: Concentration of glucose under different dissolved oxygen concentrations.
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Figure 2 Profiles of intracellular and extracellular metabolites under different dissolved oxygen concentrations

B
D

C 30% 50%
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Note: A: The content of intracellular and extracellular glutamate under different dissolved oxygen concentrations; B: The content of
intracellular and extracellular AA under 0 dissolved oxygen concentrations; C: The content of intracellular and extracellular AA under 30%
and 50% dissolved oxygen concentrations; D: The content of intracellular and extracellular organic acids under different dissolved oxygen
concentrations.
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Figure 3 Profiles of enzyme activities under different
dissolved oxygen concentrations
A B
C

T T T T T T

Specific enzyme activity (U/mg)

Note: A: Changes of PC activities under different dissolved oxygen
concentrations; B: Changes of ICDH activities under different
dissolved oxygen concentrations; C: Changes of GDH activities
under different dissolved oxygen concentrations.
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Note: A: Changes of intracellular NAD"/NADH under different dissolved oxygen concentrations; B: Changes of ATP content per mg protein

under different dissolved oxygen concentrations.
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Figure 6 Metabolic shift of Corynebacterium glutamicum
under 0 dissolved oxygen concentration

Note: The polygonal boxed enzyme, and the hollow arrows
indicate significantly up- and down-regulated enzyme activities,
respectively; The square boxed is on behalf of metabolites, and the
solid arrows indicate the production of significantly up- and
down-regulated metabolites, respectively. G-6-P:
Glucose-6-phosphate; Ribu-5-P: Ribulose-5-Phosphate; 3-PG:
3-Phosphoglycerate; PEP: Phosphoenolpyruvate; PK: Pyruvate
kinase; PYR: Pyruvate; LDH: Lactate dehydrogenase; Lac: Lactate;
PDH: Pyruvate dehydrogenase; AcCoA: Acetyl-CoA; PC: Pyruvic
carboxylase; PEPCK: Phosphoenolpyruvate carboxykinase; OAA:
Oxalacetic acid; CIT: Citrate; ICIT: Isocitrate; ICDH: Isocitrate
dehydrogenase; o-KG: o-Ketoglutarate; GDH: Glutamate
dehydrogenase; GLT: Glutamate; Suc: Succinate; Fum: Fumarat;
MAL: Malate; ICL: Isocitrate lyase; MS: Malate synthase.
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