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Ethanol tolerance in yeast: molecular mechanisms and genetic
engineering
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Abstract: Improvement of stress tolerance to various adverse environmental conditions (such as toxic products, high temperature)
of the industrial microorganisms is important for industrial applications. Ethanol produced by yeast fermentation is inhibitory to both
yeast cell growth and metabolisms, and consequently is one of the key stress elements of brewer’s yeast. Research on the biochemical
and molecular mechanism of the tolerance of yeast can provide basis for breeding of yeast strain with improved ethanol tolerance. In
recent years, employing global gene transcriptional analysis and functional analysis, new knowledge on the biochemical and
molecular mechanisms of yeast ethanol tolerance has been accumulated, and novel genes and biochemical parameters related to
ethanol tolerance have been revealed. Based on these studies, the overexpression and/or disruption of the related genes have
successfully resulted in the breeding of new yeast strains with improved ethanol tolerance. This paper reviewed the recent research
progress on the molecular mechanism of yeast ethanol tolerance, as well as the genetic engineering manipulations to improve yeast
ethanol tolerance. The studies reviewed here not only deepened our knowledge on yeast ethanol tolerance, but also provided basis for
more efficient bioconversion for bio-energy production.
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Table 1 Ethanol tolerance-related genes in yeast reported in recent years
Gene Gene product and function Functional analysis
Hspl2  Heat shock protein protecting membranes from desiccation Ahsp12 grew slower than wild type yeast under 10%—12% ethanol
TPS1
TPS2 Synthase subunit of trehalose synthase/phosphatase complex Transcription level improved under ethanol shock
TSL1
ATHI  Acid trehalase required for utilization of extracellular trehalose Decreased transcription of ATH! improved ethanol tolerance
HXT6
HXT7 Glucose transporter of the major facilitator superfamily The expression level improved after ethanol shock
TRP2  Anthranilate synthase, catalyzes the initial step of tryptophan biosynthesis
TRP5  Tryptophan synthase involved in tryptophan biosynthesis g:rin:;/:;ec}z)};r; Srsrie(Zlnygisttrgegi(s)i ?ﬁ;ﬂg?ﬁ;ﬁfig and tyrosine
TAT2  Tryptophan and tyrosine permease
PROI  Gamma-glutamyl kinase, catalyzes the first step in proline biosynthesis Mutation of PROI improved ethanol tolerance
PUTI  Proline oxidase The ethanol tolerance PUT mutant was improved
URA7  CTP synthase isozyme involved in phospholipid biosynthesis Disruptant grew better in presence of ethanol
GAL6  Cysteine aminopeptidase Disruptant grew better in presence of ethanol
The null mutant of the Mprl and Mpr2 genes showed
Mprl  Acetyltransferase reducing intracellular ROS hypersensitivity to ethanol stress, and the expression of the
Mprlgene conferred stress tolerance
BTN? V-SNARE binding protein that facilitates specific protein retrieval The ethanol tolerance of BTN? mutant reduced

from a late endosome to the Golgi; modulates arginine uptake
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