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Wine alcoholic fermentation is mainly carried out by enological strains of Saccharomyces cerevisiae, hence the importance of the environmental and genetic factors that determine their growth and aging, not only for their relevance on the fermentative
process but also by their impact on wine organoleptic properties. When a nutrient is scarce, dietary restriction happens, which consists in the reduction of nutrients supply without inducing malnutrition. Dietary restriction controls longevity through nutrient
signaling pathways, as the TORC1 pathway, which promotes growth and protein synthesis when nitrogen sources are abundant. As sugars are plenty in grape juice, generally is nitrogen the limiting nutrient. Thus, the study of the physiological processes by
which a selective nitrogen source is used is of great importance. Hence, our interest in TORC1 targets, such as ribosomal Rps6 protein. Glufosinate ammonium (GA), a widely used herbicide, blocks glutamine synthetase (GS) inhibiting the ammonium
assimilation. This inhibition causes an internal amino acid starvation which, in turn, leads to the activation of different nutrient sensing pathways. GA also inhibits the homologous enzyme of the yeast Saccharomyces cerevisiae in such a way that, although it is
not used as a fungicide, it may alter yeast performance in industrial processes like winemaking. We describe how GA indeed inhibits the yeast growth of a commercial wine strain during the fermentation of natural and synthetic grape juices leading an
extension in longevity in a variety of growth media.

The biochemical analysis indicates that GA partially inhibits the nutrient sensing TOR pathway.
However, experiments with TOR1 mutants indicate that GA affects also other processes. The GCN2
kinase mutant is hypersensitive to GA. Hence the control of the translation and activation of amino
acid biosynthesis is required to also deal with the damaging cellular effects of this pesticide. A global
metabolomics analysis under winemaking conditions indicated that an increase in amino acid other
than glutamine occurred. The metabolic flux is also diverted to the synthesis of other molecules,
such as polyamines. Other metabolic pathways are altered, e.g., purine biosynthesis and NAD
salvage. These metabolic effects may alter the ability of cells to proliferate and favor the extension of
longevity.

In conclusion, GA specifically affects many different biochemical and molecular
processes during winemaking, which provides us with some insights into both the effect of
this herbicide on yeast physiology and, more importantly, into the relevance of its target
metabolic step for connecting nitrogen and carbon metabolism.

GS inhibition by GA extends longevity
in winemaking conditions, as
expected for a TOR inhibition

The activity of glutamine synthetase
is required for yeast growth in grape
must

Glufosinate ammonium (GA) Impacts Growth, Longevity and Sugar
consumption during Grape Juice Fermentation

Figure 2. Glufosinate ammonium impacts growth and longevity in winemaking conditions. A) Cell viability in
natural grape juice fermentations of the commercial EC1118 wine strain with different amounts of GA,
measured as cfu/mL. B) Survival curve along the aforementioned vinifications. Cell viability at day 2 from
Panel A was taken as 100% survival. C) Sugar consumption during fermentations. D) Ethanol (at the end of
fermentations).

Glufosinate Global Impact on Metabolism During WInemaking

Figure 6. GA impacts many aspects of the metabolome during winemaking. Metabolites in steps linked to the 
glutamine synthetase reaction inhibited by GA. Font color indicates the fold change in the  GA/WT 
comparison. Red- higher,  and green-lower at p<0.05. Pink higher and light green lower at p<0.1. Black
unchanged and grey: not detected

GA affects many 
pathways just by its 
inhibition of 
ammonium 
assimilation

Genetic Determinants of Glufosinte Ammonium Sensitivity in Aging

Figure 4. A) Standard chronological life span analysis in SC medium of tor1Δ mutant in the presence
and absence of GA. B) Same as panel B) for gcn2Δ mutant.

Deletion of kinase Gcn2p impairs
tolerance to glufosinate ammonium

There is no 
correlation 
between nitrogen 
requirements and 
resistance to the 
inhibitors tested 
in wine strains

Figure 1. Spot assays on plates cointaining 3-amino-1,2,4-triazol (AT, 10 mM), glufosinate ammonium (GA, 10 mg/L), L-methionine
sulfoximine (MSX, 1 mM) and rapamycin (100 nM) in minimal synthethic medium (SD) and YPD.

Sensitivity of Different Wine Yeast Strains to Distinct Inhibitors

Genetic determinants of glufosinate ammonium sensitivity

Figure 3. Spot assays of wine yeast C9 mutants in nutrient sensing pathways on plates containing GA.

The mutation in GCN2
kinase, related with
General Amino Acid
Control, caused the most
striking growth defect

Figure 5.. Western blot of proteins from a fermentation in synthetic grape juice of strain C9 with
or without 10 mg/L GA. Phosphorylated and total Rsp6 are indicated.

GA partially inhibits TORC1 at the beginning of fermentation

Phosphorylation of
Rps6 (target of
TORC1 activity) is
only mantained at
the first hours of
fermentation.
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