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A B S T R A C T

The organic compound 2-phenylethanol (2PE) has a pleasant floral scent and is intensively used in the cosmetic
and food industries. Microbial production of 2PE by phenylalanine bioconversion or de novo biosynthesis from
sugar offer sustainable, reliable and natural production processes compared to chemical synthesis. Despite the
ability of Saccharomyces cerevisiae to naturally synthesize 2PE, de novo synthesis in high concentration and yield
remains a metabolic engineering challenge. Here, we demonstrate that improving phosphoenolpyruvate supply
by expressing pyruvate kinase variants and eliminating the formation of p-hydroxy-phenylethanol without
creating tyrosine auxotrophy significantly contributed to improve 2PE production in S. cerevisiae. In combination
with the engineering of the aromatic amino acid biosynthesis and Ehrlich pathway, these mutations enabled
better connection between glycolysis and pentose phosphate pathway optimizing carbon flux towards 2PE.
However, attempts to further connect these two parts of central carbon metabolism by redirecting fructose-6P
towards erythrose-4P by expressing a phosphoketolase-phosphotransacetylase pathway did not result in im-
proved performance. The best performing strains were capable of producing 13mM of 2PE at a yield of
0.113mol mol-1, which represents the highest yield for de novo produced 2PE in S. cerevisiae and other yeast
species.

1. Introduction

Flavourings and fragrances compounds are used in a wide range of
application sectors including food, beverage, cosmetic and perfume
industries. The organic compound 2-phenylethanol (2PE) is character-
ized by a pleasant fresh rose and green phenolic muguet scent.
Additionally, 2PE serves as a building block for other products such as
phenylethyl acetate, a flavouring agent with rose, honey and raspberry
notes (Etschmann et al., 2002).

Although the most cost effective 2PE production processes are based
on chemical synthesis, these methods are gradually replaced by biolo-
gical production processes. The absence of substrate stereo-selectivity
of the 2PE chemical synthesis processes leads to formation of by-pro-
ducts that require use of non-environmentally friendly purification
steps. Additionally, the European and US regulations restricted food
grade 2PE to natural sources which in this case includes botanical and
microbiological sources, comprising fermentation products
(The_european_parliament_and_the_council_of_the_European_union,
2008). The first 2PE natural source derives from plant and flower es-
sential oils extraction, mostly rose petals (Xu et al., 2007). However,

this supply is limited and impeded by costs of purification (Eikani et al.,
2005; Kim et al., 2014; Longo and Sanromán, 2006). The second 2PE
natural source is the product of microbial metabolism. 2PE is the pro-
duct of the Ehrlich pathway (Ehrlich, 1907). Several amino acids
(branched-chain and aromatic amino acids as well as methionine) can
be assimilated by the Ehrlich pathway and converted in higher fusel
alcohols. The pathway consists of three reactions, i) a transamination of
the amino acid, ii) a decarboxylation of the 2-oxo acid formed in the
preceding reaction and iii) a reduction of the resulting fusel aldehyde
into the higher fusel alcohol (Hazelwood et al., 2008). The yeast Sac-
charomyces cerevisiae, traditionally used in wine, beer and bread fer-
mentation naturally produces, next to ethanol and CO2, a range of
higher alcohols and esters which have a strong impact on the sensory
properties and quality of the products (Cordente et al., 2019; Liu et al.,
2018). This characteristic has been exploited to produce 2PE from
phenylalanine by whole-cell bioconversion (Eshkol et al., 2009;
Etschmann and Schrader, 2006; Stark et al., 2002, 2003). However,
biotransformation often relies on multi-stages approaches, adding-up
operation units and use of substrate precursor that on the long term
might limit the attractiveness of this method. De novo 2PE production
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