
Viable But Not Culturable Phenotype in  

Brettanomyces



Microorganisms

Endospores

Myxospores

Cysts

Chlamidospores

Achinetes

Spores

VBNC



Microbes able to maintain detectable metabolic functions although 

they are nonculturable.

Maintenance of cell integrity and metabolic activity (McDougall et al., 1998; 

Oliver JD 1993; Roszak DB et Colwell RR., 1987 ; Barer et Harwood, 1999). Oliver JD 1993; Roszak DB et Colwell RR., 1987 ; Barer et Harwood, 1999). 

Gram positive (Listeria monocytogenes, Enterococcus, Micrococcus luteus, …)

Gram negative (E. coli, Vibrio cholerae, Vibrio vulnificus, Legionella

pneumophila, Campylobacter jejuni, Salmonella enterica, Pseudomonas, 

Helicobacter pylori, …) 



� Del Mar Lleó et al., (2000) hypothesized in Saccharomyces cerevisiae a VBNC

phenotype similar to what is observed in bacteria.

What about eukaryotes ?

� Guillou et al., (2003) observed a decrease in culturability but not in viability in

Saccharomyces cerevisiae, following an electrolytic shock.

� Bleve et al., (2003) detected in pasteurised food, Saccharomyces cerevisiae in

VBNC like phenotype.



� In 2000, Millet et al. suggest the existence of VBNC cells to explain re-

fermentation in sweet wines and to explain apperance of microbiol activity while

microbiol analysis are negative.

VBNC in Wine

microbiol analysis are negative.

� VBNC like phenotype in B. bruxellensis has been proposed by Du Toit et al., (2005)

� Divol and Lonvaud (2005) showed the existence of VBNC phenotype in

Saccharomyces cerevisiae.

� SO2 is a chemical agent inducing VBNC phenotype in B. bruxellensis cultivated in

synthetic wine (Du Toit et al., (2005) ; Agnolucci et al., (2010) )



VBNC in wine: the case of Brettanomyces

Synthetic wine10% (v/v) pH 3.5

Total cells

Viable cells

Culturable cells



VBNC entrance: effect on cell size

Measurement, by granulometry, of 

Brettanomyces cells in the control state, the 

VBNC state (3 days after sulfite addition), and 

after exit from the VBNC state (5 days after 

sulfite elimination).
Brettanomyces cells observed by SEM



Volatil phenol production by Brettanomyces VBNC cells

A B

4-ethylguaiacol (A) and 4-ethylphenol (B) concentrations (mg.l-1) for control 

cells (•), VBNC cells (▪) and cells after VBNC resuscitation (▲).
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Proteom: control/VBNC

VNC



Accumulation of:

14 different enolases

9 GAPDH

Degradation products

Fructose biphosphate aldolase, Reduction in glycolytic flux

Proteom: control/VBNC

Fructose biphosphate aldolase, Reduction in glycolytic flux

Phosphosglycerate mutase

Phosphoglycerate kinase

NADH deshydrogenase

Pi and MW different from theoretical

Decrease in carboxypeptidase inhibitor



Glycéraldéhyde-3-phosphate

Glycéraldéhyde-1,3-biphosphate

NAD

NADH

2 ATP+ SO2

G3PHX

Proteom: control/VBNC

Increase in energy phosphate

Production enzyme

Acétaldéhyde

Ethanol

NADH

NAD
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Production enzyme

Adenylatekinase

Pyrophosphatase



Proteom: control/VBNC

Thioredoxin peroxydases play a role in the activity of sulfite reductase (lee et al., 2008)

Peroxyredoxins are involved in signal transduction in DNA damage and have a role as 

molecular chaperon (Morgan et Veal 2007)

Increase need in antioxydant molecules: decrease in DUG1 



1-Brettanomyces can enter VBNC state following a sulfite stress and could exit VBNC 

when the stress is supressed.

2-VBNC in Brettanomyces is similar to VBNC in bacteria:

Reduction in cell size

Conclusion

Reduction in cell size

Reduction in glycolytic flux

Possibe role of the thioredoxin peroxidases
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