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Efficient synthesis of glycolic acid from ethylene glycol by whole-
cell biocatalysis
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Abstract: [Objective] To address the low yield and conversion rate in the biosynthesis of glycolic
acid, we developed a whole-cell catalytic system with ethylene glycol as the substrate to obtain a
strain with a high yield of glycolic acid and an efficient biosynthesis process. [Methods] With
ethylene glycol as the substrate, wild-type strains were screened for their glycolic acid synthetic
performance. The catalytic conditions of the optimal strain were systematically optimized to
enhance the whole-cell catalytic efficiency in the production of glycolic acid. Ultraviolet
mutagenesis combined with a glycolic acid biosensor-based high-throughput screening was
employed to isolate high-yield strains, which were further validated in a 5-L fermenter. [Results]
Pichia kudriavzevii GX-01 was successfully screened out, which could grow on glucose and
produce glycolic acid from ethylene glycol via whole-cell catalysis. The whole-cell catalytic
conditions were optimized by single-factor experiments as a catalytic temperature of 30 °C,
supplementation with 0.50 g MgCO; to adjust the system pH after 6 h of reaction, a loading
volume of 50 mL in a 250-mL flask, an initial glucose concentration of 25 g/L, and an initial
ethylene glycol concentration of 20 g/L. Under these conditions, the glycolic acid titer in shake
flasks reached 19.30 g/L after 96 h of catalysis, and the strain showed favorable tolerance to
glycolic acid. A positive mutant strain P. kudriavzevii GSUV-7 was obtained through UV
mutagenesis and high-throughput screening, whose glycolic acid productivity was 2.90-fold higher
than that of the original strain. In a 5-L fermenter, P. kudriavzevii GSUV-7 produced 117.60 g/L of
glycolic acid after 106 h of catalysis, with a 100% conversion rate. [Conclusion] This study
successfully obtains a mutant strain P. kudriavzevii GSUV-7 with a high yield of glycolic acid,
providing strain resources and new insights for the research on biosynthesis of glycolic acid.
Keywords: glycolic acid; ethylene glycol; Pichia kudriavzevii; ultraviolet mutagenesis; high-
throughput screening
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Table 1  Strains used in this study

Strains Properties

Sources

Gluconobacter oxydans

Gluconobacter thailandicus

Wild type (CGMCC 1.565)
Wild type (CGMCC 1.637)

Lab preserved

Lab preserved

Paracoccus denitrificans DY TN-1 Wild type (CGMCC 24637) Lab preserved
Saccharomyces cerevisiae CEN.PK2  Wild type (EUROSCARF 30000A) Lab preserved
Saccharomyces cerevisiae BY4741 Wild type (ATCC 201388) Lab preserved
Kluyveromyces marxianus 5160 Wild type (ATCC 36534) Lab preserved
Candida utilis 4332 Wild type (ATCC 9950) Lab preserved
Pichia kudriavzevii GX-01 Wild type (CICIM Y7150) Lab preserved
Pichia pastoris GS115 Wild type (ATCC 20864) Lab preserved

Escherichia coli MglyC-GP6

MG1655(DE3) AglcC carrying pGBS-P-sfgfp, for high-throughput [12]

screening of glycolic acid producing strains

Pichia kudriavzevii GSUV-7

P. kudriavzevii GX-01 UV mutagenic strain (CICIM Y7151)

This study

B A B AR — . SIS TS
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100 mL YPD fifbgedkrf, £ 30 °C. 250 t/min
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Figure 2 Performance comparison of different strains in whole-cell catalysis of ethylene glycol to glycolic acid.
A: Glycolic acid yield of different strains; B: Residual ethylene glycol content of different strains.
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Figure 3  Effect of MgCO; addition time on glycolic acid production and residual ethylene glycol levels. A:
Effect of MgCO; addition at different fermentation times on glycolic acid production; B: Effect of MgCO;
addition at different fermentation times on residual ethylene glycol levels. CK (control group) was set without the

addition of MgCOs for comparison.
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Figure 4 Effect of cultivation temperature on glycolic acid production and residual ethylene glycol levels. A:
Glycolic acid production at different cultivation temperatures; B: Residual ethylene glycol levels at different

cultivation temperatures.
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Figure 5 Effect of liquid loading volume on glycolic acid production and residual ethylene glycol levels. A:

Glycolic acid production at different liquid loading volumes; B: Residual ethylene glycol levels at different liquid

loading volumes.
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Figure 6 Effect of initial sugar concentration on glycolic acid production and residual ethylene glycol levels. A:

Glycolic acid production at different initial sugar concentrations; B: Residual ethylene glycol levels at different

initial sugar concentrations.
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GX-01 under different concentrations of glycolic acid.
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Figure 9 High-throughput screening of high-yield glycolic acid-producing strains. A: Fluorescence intensity of

microplate fermentation supernatant; B: Glycolic acid yield of the mutant strain.
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