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Advances in biosynthesis of 2-phenylethanol by yeasts

Xianrui Chen, Zhaoyue Wang, and Xiuping He

CAS Key Laboratory of Microbial Physiological and Metabolic Engineering, Institute of Microbiology, Chinese Academy of Sciences,
Beijing 100101, China

Abstract: 2-Phenylethanol (2-PE) is an aromatic alcohol with a pleasant rose-like fragrance. It has been widely used in
food, cosmetic, and pharmaceutical industry. Most of 2-PE is produced by chemical synthesis, but the use of chemically
synthesized product is restricted in some fields. 2-PE from plant extraction is natural but its production is very low.
Microbial biotransformation is a promising process to produce natural 2-PE. In this paper, we review recent research
progress in the synthetic metabolic pathways and regulatory processes of 2-PE in yeast, and strategies for improving 2-PE
production. Moreover, we discuss the limitation of current progress and future research directions.
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Fig. 1 Pathways for 2-PE synthesis in yeast.
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Fig. 3 Upstream activation sequences of ARO9, ARO10, ARO80, and GAP1. CCG triplets, the binding sites of
Aro80p, are underlined and potential GATA factor binding sites (GATAA/G) are indicated in bold.
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Table 1 Overview of 2-PE production yeasts by strain selection or breeding

Strains Strain selection or breeding 2-PE production References
S. cerevisiae BD-25-39 Ultraviolet radiation 5.4 g/L, improved by 10.2% [17-18]
S. cerevisiae Ye9-612 Screened from thermoduric strains Improved by 57% [19]
Yarrowia lipolytica NCYC3825 Screened from BCCC Nearly 2 g/L [20]
S. cerevisiae S288C Over-expression of ARO10 1.0 g/L, improved by 16% [21]
S. cerevisiae W303-1B Over-expression of ARO80, ARO9 and Improved by 500% [22]
ARO10, deletion of ALD3
Kluyveromyce marxianus BY25569 Over-expression of ARO10 and ADH2 1.0 g/L, improved by 400% [23]
S. cerevisiae CEN.PK Over-expression of ARO4 and ARO7, 410 mg/L [24]
deletion of ARO8, TYR1 and ARO3
ADH2 YNB 2- 2- (24
1.0 g/L 4 2-
K. marxianus BY25569
2- 2-
YNB
2- 2-
1 2-
(L-Phe ) 2-
K. marxianus
Klebsiella pneumoniae 3- -D- 32 kESRMIKEIEE
-7- (DAHP) 3.2.1
aroG™" L- 7.
L-
13g/L  2- [23]
Romagnoli 2- ( 2
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AROS8 S. cerevisiae CEN.PK
ARO10 2-PE
2- 180 mg/L 2-PE
ARO8 TYR1 ARO3 ARO4 155%"!
ARO7 ARO10 2- 2- 2-
410 mg/L 4.4 g/L 76% %]
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S. cerevisiae CWY132 2-
2-
2- 4.1 g/L 2-
50%*%! Etschmann K. marxianus [28]
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87%7 Pan
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102
17 6 2-
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Table 2 Overview of 2-PE production yeast strains by optimization or control of fermentation crafts

Strains Methods 2-PE production References
S. cerevisiae BD-25-39  Optimization of carbon and nitrogen sources, mineral Improved by 155% [18]
salts, and concentration of substrates
S. cerevisiae R-UV3 Optimization of carbon and nitrogen sources 4.4 g/L, improved by 76% [25]
S. cerevisiae CWY 132  Single-factor test and uniform design experiment 4.1 g/ L, improved by 50% [26]
K. marxianus CBS600  Medium optimization 5.6 g/L, improved by 87% [27]
S. cerevisiae BD Oleic acid as extractant 1.7 g/L in aqueous phase [29]
and 14.9 g/L in oleic acid
S. cerevisiae Giv 2009  Oleic acid as extractant 12.6 g/L [30]
K. marxianus CBS 600 PPG1200 as extractant 10.2 g/L [31]
S. cerevisiae JHY317 PPG1200 as extractant 6.1 g/L [22]
S. cerevisiae BD D101 as adsorbent 6.2 g/L [32]
S. cerevisiae HZ816 as adsorbent 14.8 g/L [11]
K. marxianus CBS 600  Hytrel®8206 as adsorbent 20.4 g/L [33]
S. cerevisiae GivR-UV3 FDO0816 as adsorbent 32.5 g/L [34]
K. marxianus CBS 600 POMS with PP or PEI as organic matters 5.2 g/L [35]
S. cerevisiae Giv 2009  Dibutyl sebacate in alginate microcapsule 5.6 g/L [36]
S. cerevisiae BD18 AC microcapsule 4.5 g/L [37]
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