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Abstract: Glycolic acid is an important chemical product widely used in various fields, including
cosmetics, detergents, textiles, and more. Currently, microbial production of glycolic acid has
disadvantages such as poor genetic stability, low yield, and high cost. Additionally, whole-cell
catalytic production of glycolic acid typically requires the addition of relatively expensive sorbitol
as a carbon source, which limits its industrial production. To develop an industrially applicable
method for glycolic acid production, this study used ethylene glycol as a substrate to screen the
glycolic acid-producing strains through whole-cell catalysis, obtaining a Rhodotorula sp. capable
of producing glycolic acid. The strain was then subjected to UV mutagenesis and high throughput
screening, and the positive mutant strain RMGly-20 was obtained. After optimization in shake
flasks, the glycolic acid titer of RMGly-20 reached 17.8 g/L, a 10.1-fold increase compared to the
original strain. Using glucose as the carbon source and employing a fed-batch culture in a 5 L
fermenter, strain RMGly-20 produced 61.1 g/L of the glycolic acid. This achievement marks the
preliminary breeding of a genetically stable glycolic acid-producing strain using a cheap carbon
source, providing a new host for the biosynthesis of glycolic acid and promoting further progress
toward industrial production.

Keywords: glycolic acid; Rhodotorula sp.; ethylene glycol; UV mutagenesis; high throughput
screening
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Figure 1

Synthetic pathway of glycolic acid. EMP: Glycolysis pathway; gltA: Citrate synthase; aceA:

Isocitrate lyase; ycdW: Glyoxylate reductase; aldA: Aldehyde dehydrogenase; glcDEF: Glycolate oxidase; icd:
Isocitrate dehydrogenase; glcB, aceB: Malate synthases; |dhA: D-lactate dehydrogenase.
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Table 1  Strains used in this study
Strains Properties Sources

Rhodotorula sp.
Gluconobacter oxydans

MglyC-GP6

RMGly-20
(CICIM Y7143)

Wild type, for glycolic acid production and UV mutagenesis (CICIM Y7142)
Wild type, for glycolic acid production (CGMCC 1.565)

Gluconobacter thailandicus Wild type, for glycolic acid production (CGMCC 1.637)

MG1655(DE3) AglcC carrying pGBS-Pys-sfgfp, for high-throughput screening [18]
of glycolic acid producing strains

Rhodotorula sp. UV mutagenic strain, for glycolic acid production

Lab preserved
Lab preserved

Lab preserved

This study
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Figure 2 Glycolic acid production (A) and conversion rate (B) of different strains. GT: Gluconobacter
Thailandicus. GO: Gluconobacter oxydans. RM: Rhodotorula sp..
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Figure 4 The response principle of the glycolic acid biosensor.
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Figure 6 High-throughput screening of glycolic acid producing strain. A: Fluorescence intensity of
supernatant of pore plate fermentation. B: Titer of glycolic acid in shaking flasks.

http://journals.im.ac.cn/cjben



% | ZEREFERNFIER AR 2427

HEH

Wl B B B E B
%f/ | J Il 1 J 00
0 24 48 72 0 24 48 72 25 28 30 33 37
Time (h) Time (h) Temperature (°C)
D 50 —e—10mL E 20, o10mL F 16
“ ! ! J | I I J ool M BN BN N
0 24 48 72 0 24 48 72 10 25 50 75 100
Time (h) Time (h) Liquid loading volume (mL)
7 REREREMCERFENEMW A AFRRET ORERA R B: ARRET 2 B &

. C: ARRET 72 h ZEFRRIYTHE. D AFEKE T BRI 5. E: AFERRE T 4 “ RS
. F: AFEZERE T 72 h SR E. EG: L

Figure 7 Effect of temperature and liquid loading volume on the titer of glycolic acid. A: Titer of glycolic
acid at different temperatures. B: Concentration of ethylene glycol at different temperatures. C: Yield of
glycolic acid for 72 h at different temperatures. D: Titer of glycolic acid at different liquid loading volumes.
E: Concentration of ethylene glycol at different liquid loading volumes. F: Yield of glycolic acid for 72 h at
different liquid loading volumes. EG: Ethylene glycol.
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Figure 8  Growth curves of RMGly-20 under
different concentrations of glycolic acid.
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Figure 9 Glycolic acid production of RMGIly-20 in 5 L bioreactor. A: Growth curve and residual sugar
concentration during cell culture. B: Concentration of glycolic acid and ethylene glycol during cell fermentation.
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