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CoolWine



• > €6 billion EU trade

• 10% of agri. production for some EU countries

• 20% of total agri. employment; >5 million jobs

•European Landscape Convention: relevance of 
vineyards



Grape ripening is affected by 
climate change
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Total increase of around 3% ABV since the eighties

Impact on consumer acceptance and international trade

Lower alcohol wine market growth ~30% per year

Other producing countries (NZ) have started large research 
programs to address this issue

Market not ready for GMO-based solutions

Some facts on wine alcohol content



The redox problem

Glucose

Respiratory 

capacity

OXPHOS

CO2

Glucose

OXPHOS

CO2

Ethanol
Glucose

Pyruvate

Ethanol

Pyruvate

Ethanol

2 ADP

2 ATP

2 NAD+

2 NADH

NAD+

NADH

NAD+

NADH

Ethanol

Glucose

Ethanol

Glucose



Ethanol

Glucose

Acetate

Aeration is (unfortunately) not a straightforward solution
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CoolWine approach: Co-inoculation with evolved Sacchs
and non-Sacchs and/or aeration



Key features
Respiro-fermentation instead of standard anaerobic fermentation

Targeting S. cerevisiae and non-Saccharomyces wine yeasts

Massively parallel adaptive laboratory evolution (ALE) – non-GMO 
solution

Computer modelling to design ALE conditions

Problems to tackle
Competitive fitness of  Crabtree-negative yeasts

Yeast strain/species compatibility

Acetate production by S. cerevisiae (under aerobic conditions)

Project plan
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From WineSys to CoolWine
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Candida sake
Candida boidinii
Candida zemplinina
Debaryomyces hansenii
Hanseniaspora vinae
Hanseniaspora guilliermondii
Hanseniaspora osmophila
Hanseniaspora uvarum
Hanseniaspora vinae
Hansenula polymorpha
Issatchenkia terricola
Kluyveromyces lactis
Lachancea thermotolerans
Metschnikowia pulcherrima
Starmerella bombicola
Torulaspora delbrueckii
Zygosaccharomyces bailii
Zygosaccharomyces rouxii

Saccharomyces cerevisiae
(48 wine related strains)

CoolWine strain collection 



Genome-scale metabolic modelling to identify 
evolution conditions



Genome-scale metabolic modelling to identify 
evolution conditions



An evolutionary walk to the optimum fitness
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Scan-o-matic: massively parallel experimental 
evolution



WP4. Evolution



Differences in yeast strains
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Experimental evolution to relieve glucose 
repression reduced acetic acid yield
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S. cerevisiae strains with low acetic acid 
yield 
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S. cerevisiae + non-SC fermentation



Social impact



CoolWine yeast core collection

Genome-scale metabolic models for wine yeasts beyond S. 
cerevisiae

> 30 000 evolved populations obtained

Evolved low acetate (aerobic) producing S. cerevisiae strains 
available

Sequential inoculation wines made at pilot scale (TRL 6 / 7)

Report on societal impact

Three published papers, one submitted, 3-4 in the pipeline

One patent application filed

Key project outcomes so far



Project extended till June next year due to pandemic associated 
delays

In-depth omics characterisation

Another round of design-evolve-test cycle

Another round of pilot scale fermentation 

Next steps
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