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Abstract

2-Phenylethanol ( 2-PE ) is a kind of high-level aromatic alcohol with delicate, elegant and lasting rose
aroma. It is widely used in food additives, daily spices and other fields because of its excellent sensory
characteristics and safety. At present, the acquisition methods of 2-phenylethanol mainly include plant
extraction and chemical synthesis. Due to the high extraction cost or the use of highly toxic substance
potassium cyanide in chemical synthesis, there are environmental and safety problems, which are difficult to
meet the quality standards of natural source additives in the food and flavor industry. Therefore, the
development of efficient and safe microbial synthesis has become an important direction for the natural
source of 2-phenylethanol. As a recognized safe (GRAS) unconventional yeast, Yarrowia lipolytica has good
potential in the synthesis of high value-added natural products. In this study, the heterologous synthesis of 2-
phenylethanol was reconstructed and optimized by metabolic engineering strategy using Yarrowia lipolytica
as the chassis strain. The main results are as follows:

1. In order to improve the adaptability of Yarrowia lipolytica as a cell factory, it was first
morphologically modified, and the yeast changed from mycelial morphology to yeast morphology, and the
yield of 2-phenylethanol was 9.16 mg/L. By knocking out the branch pathway genes (VITRP2, y/TRP3,
yITYR1) of 2-phenylethanol synthesis, the competitive metabolic flux was weakened, and the synthesis of 2-
phenylethanol was 119.63 mg / L, which was increased by 13.06 times. Further, by enhancing the expression
of key genes (IAROI, yIARO?2) in the shikimate pathway, screening and semi-rational modification of the
key enzyme ethanol dehydrogenase blyugJ™?$!T that catalyzes the synthesis of phenylethanol from
phenylacetaldehyde, the yield of 2-phenylethanol was increased to 298.70 mg/L, which was 32.60 times
higher than that of KL1.

2. In order to improve the catalytic efficiency of the Ehrlich pathway, the fusion proteins of the Ehrlich
pathway enzyme yIPHA2-yIARO7, yIARO10-G4S-yIPHA2, blyugJ™?$!T-G4S-yIARO10 were constructed by
using G48S, and 2-phenylethanol 891.87 mg/L was synthesized, which was 97.3 times higher than that of KL1.
By introducing E. coli-derived DAHP synthase mutant (EcAROGP'#N) and chorismate mutase mutant
(EcPHEAT3?%P), the feedback inhibition of shikimic acid pathway was relieved, and 2-phenylethanol was
1120.07 mg/L, which was 112.30 times higher than that of KL 1. Combined with the optimization strategy of
cofactor supply, knockout of yIDGA1 and yIDGAZ2 promoted the accumulation of NADPH in the cytoplasm,
providing reducing power for phenylacetaldehyde to phenylacetaldehyde, combined with overexpression of
enzymes yIG6PIE and yIRPI to enhance the carbon flux from pentose phosphate to shikimic acid pathway,
the synthesis of 2-phenylethyl alcohol 1334.78 mg/L, which was 145.72 times higher than that of KL1.

Finally, the above gene expression cassettes were integrated at the zeta site to achieve multi-copy expression



to obtain the engineering strain KL19. The 2-phenylethanol of 1515.25 mg/L was synthesized by shaking
flask fermentation, which was 165.42 times higher than that of the initial strain.

3. The synthesis of 2-phenylethanol was optimized by fermentation process. When the concentration of
glucose was 40 g/L and the concentration of ammonium sulfate was 2 g/L, the yield of 2-phenylethanol
reached 2.51 g/L in shake flask fermentation. The fed-batch fermentation process in a 5 L fermentor was
optimized. After 48 h of secondary feeding, the engineering strain KLL19 was fermented for 120 h, and the
yield of 2-phenylethanol was increased to 3.45 g/L, and the conversion rate was 0.09 g/gg.

In this study, the 2-phenylethanol synthesis pathway was reconstructed and optimized in Y. lipolytica by
multi-dimensional metabolic engineering strategies such as pathway key enzyme screening and semi-rational
modification, pathway enzyme fusion expression, and pathway feedback inhibition regulation. The yield of
2-phenylethanol was increased by 165.42 times, which provided a reference for the efficient biosynthesis of
2-phenylethanol.

Key words: Yarrowia lipolytica; 2-phenylethanol; Fusion protein; Semi-rational design; Multi-

dimensional metabolic engineering
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Figure. 1-1 Chemical synthesis
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