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Abstract
Recently, the non-conventional yeast Dekkera bruxellensis has been gaining more and
more attention in the food industry and academic research. This yeast species is a
distant relative of Saccharomyces cerevisiae and is especially known for two important
characteristics: on the one hand, it is considered to be one of the main spoilage
organisms in the wine and bioethanol industry; on the other hand, it is ’indispensable’
as a contributor to the flavour profile of Belgium lambic and gueuze beers. Additionally,
it adds to the characteristic aromatic properties of some red wines. Recently this yeast has
also become a model for the study of yeast evolution. In this review we focus on the
recently developed molecular and genetic tools, such as complete genome sequencing
and transformation, to study and manipulate this yeast. We also focus on the areas that
are particularly well explored in this yeast, such as the synthesis of off-flavours, yeast
detection methods, carbon metabolism and evolutionary history. © 2014 The Authors.
Yeast published by John Wiley & Sons, Ltd.
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Introduction to basic characteristics

Dekkera bruxellensis is considered to be a major
cause of wine spoilage worldwide (Boulton et al.,
1996; Fugelsang, 1996; Delfini and Formica,
2001; Loureiro and Malfeito-Ferreira, 2003).
Infected wines develop dinstinctive, unpleasant
aromas due to volatile phenols produced by this
species (Woolfit et al., 2007), also called ’Brett’
taints (Chatonnet et al., 1995) and normally
associated with aromas of barnyard, burnt plastic,
wet animal and horse-sweat (Licker et al., 1998).
However, this species is also known for its positive
contribution of acetic acid flavour to Belgian
lambic beers (Dequin et al., 2003; Dufour et al.,
2003) and to the fermented and sweetened tea
Kombucha (Mayser et al., 1995; Teoh et al.,
2004). The occurence of the species in feta cheese
(Fadda et al., 2001) and sour dough (Meroth et al.,
2003) has also been reported. This yeast also
provides the characteristic aroma profile in some
wines, such as the French Château de Beaucastel

wines. D. bruxellensis is also often associated with
high-ethanol biotechnological habitats (de Souza
Liberal et al., 2007; Passoth et al., 2007). It has
previously been isolated from Belgian stout,
lambic beer and grape must as well as sparkling
wine, sherry and porter. Its presence on the surface
of grape berries has been shown by Renouf et al.
(2007). This yeast is now also becoming a model
for the deduction of yeast evolution processes
(Rozpedowska et al., 2011).
It is still common in the current literature to use

both Dekkera and Brettanomyces as the genus
name. The anamorphs Brettanomyces/Dekkera
anomala, B./D. bruxellensis, B. custersianus, B.
naardenensis and B. nanus build this genus.
Teleomorphs have been reported for two out of
these five species, D. anomala and D. bruxellensis.
The first reference to the genus Brettanomyces
dates back to 1904, when Hjelte Claussen first
isolated the yeast from British beers. The flavours
produced by this yeast became characteristic of
certain British beers of that time and the name
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Brettanomyces was derived from ’British brewing
fungus’ (greek: ’brettano’ means British brewer,
’myces’ means fungus). First, the genus Bretta-
nomyces was shown to occur in wine (Custers,
1940). The yeast Mycotorulum intermedia, which
was isolated from French wine by Krumholz and
Tauschanoff in 1933, was named as a Brettanomyces
species and later renamed as Brettanomyces
intermedius (van der Walt and van Kerken, 1959);
in 1960 the latter authors reported ascospore forma-
tion in B. bruxellensis, which led to reclassification
of the genus Brettanomyces (van der Walt and van
Kerken, 1960). The new genus Dekkera was
proposed to accomodate the ascosporogenous
forms – the name was chosen in honour of Nellie
Margaretha Stelling-Dekker, for her contribution
to the taxonomy of the ascosporogenous yeasts
(van der Walt, 1964). After the first description of
spore formation (van der Walt and van Kerken,
1960), spores have, to our knowledge, never been
reported again.
D. bruxellensis has adapted to harsh and limiting

environmental conditions, such as very high ethanol
concentrations, low pH values (Fugelsang, 1996;
Rozpedowska et al., 2011) and ’poor’ nitrogen
sources. For example, D. bruxellensis preferentially
uses ammonium ions but can also use nitrate
(de Barros et al., 2011; Galafassi et al., 2013).
Renouf et al. (2006) have shown a higher adaption
rate of D. bruxellensis, in comparison to other wild
yeasts, to survive in must and during alcoholic
fermentation. D. bruxellensis yeast grows between
19°C and 35°C, shows variable growth between
37°C and 42°C and cannot grow at 45°C (www.
cbs.knaw.nl, May 2013; and Figure 1). Van der

Walt (1964) has also characterized the colony col-
ours, ranging from cream to light brown and usually
shiny and smooth.
The first attempt to determine the D. bruxellensis

genome sequence was in 2007 (Woolfit et al.,
2007) and provided almost half of the open reading
frames. In 2012, the whole genome of two different
Dekkera bruxellensis strains were determined and
are now publicly available (http://genome.jgi.doe.
gov/Dekbr2/Dekbr2.home.html by Piškur et al.,
2012; and GenBank: AHIQ01000137.1 by Curtin
et al., 2012). Piškur et al. (2012) have determined
the whole genome sequence of the strain Y879
(CBS2499) and used it to deduce several ’food-
relevant’ properties of this yeast. To date there are
5636 predicted genes based on the sequenced strain
CBS2499 (Y879) (DOE Joint Genome Institute),
and so far the UniProt database comprises 4929
protein sequences. Phylogenetic analyses, based on
3930 individual gene trees in the context of 21
closely related fungal species, placed D. bruxellensis
as a sister group to Pichia (Komagataella) pastoris.
The genus Komatagaella and its closest relatives
are known as aerobic poor ethanol-producer yeasts
(de Schutter et al., 2009), which is just opposite to
D. bruxellensis and Saccharomyces cerevisiae.
Analyses of growth parameters and carbon metabo-
lism of several D. bruxellensis isolates have
demonstrated that this yeast produces ethanol under
aerobiosis and has the ability to grow without
oxygen, similar to S. cerevisiae (Nissen et al.,
2000) and its closest relatives. D. bruxellensis
can thus be described as a Crabtree-positive and
facultative anaerobic yeast (Rozpedowska et al.,
2011), which can particularly dominate in harsh
environments.

Genetic and molecular tools

Although spores have been observed previously
(van der Walt and van Kerken, 1960), neither
mating types nor mating events, nor crosses of
two haploid strains, have been observed so far.
Thus, it could be that this yeast is asexual. There
is little known about variation within the whole
genus Dekkera at genomic level, but preliminary
investigations suggest that differences may be large
and that the D. bruxellensis clade could consist of
several sister species (Hellborg and Piškur, 2009;
Galafassi et al., 2011).

Figure 1. Dekkera bruxellensis Y879 (CBS 2499) in minimal
medium. Courtesy of Concetta Compagno, Milan, Italy
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Multiple D. bruxellensis strains have been
screened for auxotrophic mutants after mutagene-
sis by UV or ethane methyl sulphonate (EMS)
treatment. The frequency of auxotrophs was
0.1% (Šiurkus, 2004). A ura3-deficient mutant
has been isolated, which promotes the use of the
URA3 gene as a selection marker (Šiurkus, 2004).
For subsequent transformation experiments, the
URA3 gene has been subcloned from the genomic
DNA (originating from the strain CBS2499) into
the pUC57 vector, resulting in plasmid P892.
This plasmid has been used to develop the first
transformation protocol. A lithium acetate electro-
transformation procedure (based on Becker and
Guarente, 1991; Boretsky et al., 2007) has been
modified to obtain transformants and the plasmids
integrated at random sites into the genome
(Hagström, 2008; Ishchuk et al., in preparation).
Genomic libraries from two different strains
(Y879 and Y881) have been constructed to find
putative autonomous replication elements. Three
types of replicating loci have been deduced; CIGO
1, 2 and 3 and have been used for the construction
of autonomously replicating plasmids (Ishchuk
et al., in preparation). A reporter system based on
the Kluyveromyces lactis LAC4 gene, under the
control of the D. bruxellensis promoter from
YPR100W (MRLP51) and the sub-cloned CIGO1
locus (Figure 2), have been used to determine the
plasmid copy number, which is approximately
10–15. This reporter system can also be used for
the screening of different promoter elements. Apart
from the URA3 gene, the Sh ble gene can also be
used as a dominant selection marker (Figure 3).
This marker and URA3 have also been used for
targeted deletions. The length of the homologous
end sequences, which promoted homologous
recombination and integration, varied in the range
350–600 bp (unpublished data).
D. bruxellensis shows much greater diversity

among strains in chromosome number and ploidy

than does S. cerevisiae. The proposed genome size
is in the range< 20–> 30Mb (Hellborg and
Piškur, 2009). Analysis of 30 D. bruxellensis
isolates showed a range in chromosome sizes
from< 1Mb to> 6Mb, the different strains
contained between four and nine chromosomes,
suggesting that the genome has been rearranged
very fast upon the separation of single lineages.
Almost all strains had polymorphic sites at the
analysed loci, suggesting a> 1 ploidy status
(Hellborg and Piškur, 2009). Curtin et al. (2012)
have suggested that the sequenced AWRI 1499
strain has a triploid genome and the strain specia-
tion has occurred through interspecific hybridiza-
tion. Native D. bruxellensis strains indeed exhibit
a large diversity of genotypes and phenotypes.
Fugelsang and Zoecklein (2003) have shown that
not all D. bruxellensis wine isolates are able to
grow in Pinot Noir wine. Analyses of 244 wine
isolates obtained from wineries located in 31
winemaking regions of Australia by using the
multilocus AFLP fingerprinting method revealed
large diversity and the presence of three major
genotypes in Australian wine. Differences in the

Figure 2. Linear presentation of the plasmid P1017. The D.
bruxellensis URA3 gene is shown as a grey box, the K. lactis
LAC4 reporter gene as a red box, the D. bruxellensis
promoter YPR100W (MRLP51, mitochondrial ribosomal
protein large subunit) as a yellow box, the CIGO1 motif (for
autonomous replication) as a black box, and the pUC57 part
as a thin line (Ishchuk et al., in preparation)

Figure 3. A scheme of the development of molecular and
genetic tools for D. bruxellensis, from auxotrophic mutants
to targeted deletions, based on Šiurkus (2004), Hagström
(2008) and Ishchuk et al. (in preparation)
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26S rRNA gene sequence imply that some differ-
ences between the groups might be highly conserved,
showing the existence of isolate-specific genotypes
(Curtin et al., 2007).
Although the whole genomes of two D.

bruxellensis strains were deduced in 2012, com-
mercial microarrays are still not available. Tiukova
et al. (2013) have introduced an RNAseq approach
and detected the expression of 3715 of 4861
annotated genes in the D. bruxellensis CBS11270
strain. They have analysed the transcriptome by
using the AB SOLiD sequencing technique in
conditions of sugar limitation and low oxygen
concentrations that are similar to those in industrial
fermentations, where D. bruxellensis is able to
outcompete S. cerevisiae. Several genes associated
with sugar import as well as glycolysis were
highly expressed. Their results also indicate a high
frequency of transcription events outside the read-
ing frames (Tiukova et al., 2013).

Methods of detection

For the wine industry it is important to have
reliable methods to detect the spoilage yeast D.
bruxellensis: some of these methods are time
consuming (microbiological) and some are less
(molecular detection). By using differential media
with ethanol as the carbon source, bromocresol
green and phenolic precursors, it is possible to
distinguish the genus Dekkera after a relatively
long period of cultivation (Rodrigues et al.,
2001). Much faster but also more costly is a
method based on fluorescence in situ hybridiza-
tion, using peptide nucleic acid probes, that has
been introduced by Stender et al. (2001). A PCR
method for the species-based identification of
Dekkera, based on polymorphisms on the ITS
regions, has been published by Egli and Henick-
Kling (2001). Phister and Mills (2003) have devel-
oped a quantitative real-time PCR that targets only
species within the genus Dekkera/Brettanomyces,
while yeast and bacteria common to the winery
environment have not been not targeted. Cocolin
et al. (2004) developed a PCR–restriction enzyme
analysis protocol to detect and identify D.
bruxellensis and D. anomala directly in wine sam-
ples. This technique allowsmuch faster identification
of these species isolated from wine. Molecular
detections include a nested PCR method (Ibeas
et al., 1996) and amplification of 26S rDNA region,

with further resolving of the PCR product by dena-
turing gradient gel electrophoresis (Manzano et al.,
2004). The spoilage activity is strain-dependent;
thus, methods for detection at the strain level are
of great oenological importance. Vigentini et al.
(2012) have developed tools to assess genetic
intraspecific variation through the use of introns as
molecular targets and designed specific primers
annealing to the introns’ 5′-splice site sequences
(ISSs), where they found a conserved pattern. For
interstrain discrimination, restriction enzyme analy-
sis and pulse-field electrophoresis have been intro-
duced by Miot-Sertier and Lonvaud-Funel (2007).

Carbon metabolism and the ability of anaerobic
growth

The yeast Dekkera/Brettanomyces can utilize
several different sugars (Galafassi et al., 2011).
Sugars, like glucose, are broken down into smaller
molecules to become a source of energy and build-
ing blocks for the synthesis of other molecules.
Glycolysis, the major process for sugar degrada-
tion, breaks down a glucose molecule into two
molecules of pyruvate. Yeasts, depending on con-
ditions, can use pyruvate by fermentation and/or
respiration. Since respiration of sugars is energeti-
cally more favourable than fermentation, most
organisms use fermentation only when respiration
is impaired, for example when oxygen availability
decreases. However, in several yeast species, such
as S. cerevisiae and D. bruxellensis, the metabolic
destiny of pyruvate formed at a high rate is largely
switched from respiration to fermentation, even
when oxygen is abundant (for review, see Pronk
et al., 1996; Rozpedowska et al., 2011). In other
words, these two yeasts may also ferment sugars
under aerobic conditions, showing the so-called
’Crabtree-positive’ phenotype (Figure 4). In contrast,
’Crabtree-negative’ yeasts, such as K. lactis and B.
naardenensis, lack fermentative products and, under
aerobic conditions, biomass and carbon dioxide are
the sole products (Figure 5).
The availability of oxygen varies among differ-

ent niches. One of the main problems organisms
face under anaerobic conditions is the lack of the
final electron acceptor in the respiratory chain.
The ability of yeasts to grow under oxygen-limited
conditions seems to be strictly dependent on the
ability to perform alcoholic fermentation. Accord-
ing to the dependence on oxygen during the life
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cycle, yeasts are classified as: (a) obligate aerobes
displaying exclusively respiratory metabolism; (b)
facultative fermentatives (or facultative anaerobes),
displaying both respiratory and fermentative metab-
olism; and (c) obligate fermentatives (or obligate
anaerobes) (Merico et al., 2007). S. cerevisiae and
D. bruxellensis are both facultative anaerobes
(Rozpedowska et al., 2011), while K. lactis and B.
naardenensis are obligate aerobes (Figure 5).
D. bruxellensis can spontanously generate mito-

chondrial petite mutants (McArthur and Clark-
Walter, 1983). Thus, just like in S. cerevisiae, the
active respiratory chain is not necessary for survival.
However, what is different between these two yeasts

is that the mitochondrial genome of D. bruxellensis
encodes NADH dehydrogenase (respiratory com-
plex I) (Procházka et al., 2010). The Dekkera/
BrettanomycesmDNAs exhibit a large size polymor-
phism (Hoeben and Clark-Walter, 1986; Procházka
et al., 2010), and mitochondrial loci represent an
efficient tool to ’easily’ identify different species
of this complex (Hoeben et al., 1993).

Wine and beer aroma-associated aspects

Dekkera yeasts often cause wine spoilage. The
odours of wines contaminated with Dekkera could
be described as ’pharmaceutical’, ’smoky’ or ’wet
horse’ and are mainly caused by two groups of chem-
ical compounds. ’Mousiness’ can be the consequence
of carbonyl compounds. Among these nitrogenous
compounds are 2-acetyl-3,4,5,6-tetrahydropyridine,
2-acetyl-1,2,5,6-tetrahydropyridine and 2-ethyl-3,4,
5,6-tetrahydropyridine. The second group is presented
by volatile phenols such as 4-vinylphenol, 4-vinyl-
guiacol, 4-ethylphenol and 4-ethylguiacol (Pretorius,
2000).Dekkera is almost unique among other yeast
because of its ability to convert hydroxycinnamic
acids – antimicrobial non-volatile compounds
present in grape must – into ethyl derivatives. Also,
the wine yeast Meyerozyma guilliermondii can per-
form similar metabolic activity (Barata et al., 2006).
Many other microorganisms with hydroxycinnamate
activity would only form vinyl derivatives, with no
further conversion to ethyl derivatives (Chatonnet
et al., 1992).

Figure 5. A simplified phylogenetic relationship among the Saccharomyces/Kluyveromyces and Dekkera/Brettanomyces clades,
which separated more than 200 million years ago (mya). The Saccharomyces and Dekkera lineages have independently evolved
(red arrows) the ability to produce ethanol in the presence of oxygen (Crabtree effect) and the ability to propagate under
anaerobic conditions

Figure 4. Batch culture of the Crabtree-positive yeast D.
bruxellensis Y879 (CBS 2499) under aerobic conditions in
defined minimal medium. Optical density (OD600nm; orange
line), glucose (black) and ethanol (violet) concentrations
are shown (right-side scale, presented as g/l). Adapted from
Rozpedowska et al. (2011)
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The origin of phenolic metabolites and enzymes
involved in this hydroxycinnamic acid conversion
pathway has been described only recently. Godoy
et al. (2009) have purified the corresponding
p-coumarate decarboxylase (CD) and vinylphenol
reductase (VR). It has also been shown that the
PAD gene is present in the genera Dekkera and
Saccharomyces and encodes the CD activity.
However, the sequence of PAD in Dekkera is
much more similar to bacterial phenolic acid
decarboxylase than to the S. cerevisiae PAD1
gene. Among all budding yeasts described (Curtin
et al., 2012), only M. guilliermondii has the D.
bruxellensis PAD homologue. On the other hand,
VR activity has not been found in Saccharomyces.
Harris et al. (2009) have published the sequence of
the D. anomala gene with putative decarboxylase
activity, and de Souza Liberal et al. (2012) have
described the existence of two genes in D.
bruxellensis, which might be paralogues of phenyl
pyruvate decarboxylase (Db ARO10).
Dekkera species are also important in the sour

dough and beer industries. When present at high
levels, food spoilage occurs. However, low
amounts of Dekkera contribute metabolites
desirable in bread, lambic beer, ale and kombucha
tea. In beer, the concentration of 4-ethylphenol
(medicinal aroma) is lower than that of 4-
ethylguiacol (clove, spicy smell). In the case of the
wine situation, this is the opposite. Thus, the relative
concentrations determine different effects in differ-
ent food products (Curtin et al., 2012). In contrast
to S. cerevisiae, some Dekkera isolates possess
β-glucosidase activity, which catalyses the release
of desirable bonded phenolic compounds from hops
in beer (Daenen et al., 2008). The kinetic properties
of α-glucosidases and their role during beer fermen-
tation have also been described (Shantha Kumara
et al., 1993).

Fermentation characteristics of Dekkera

During the fermentation process, yeasts need to
adapt to high osmotic pressure, high sugar concen-
trations, partially anaerobic conditions, deficiency
of nitrogen and the presence of ethanol. It has been
previously noted that the genus Dekkera shows the
Custer effect during fermentation (van Dijken
and Scheffers, 1986; Vigentini et al., 2008). When
growing partly anaerobically, fermentation is par-
tially inhibited because of acetic acid production

and redox imbalance (Vigentini et al., 2008).
Blomqvist et al. (2010) described the fermentation
properties of D. bruxellensis using a full factorial
design; it was noted that the growth rate and
ethanol yield on maltose are lower than that on
glucose as a carbon source. When comparing D.
bruxellensis with industrial S. cerevisiae strains,
the latter grew five times faster but with lower
ethanol yields. S. cerevisiae was also the ’winner’
in glycerol amounts produced (six-fold higher).
After a while, however, S. cerevisiae biomass
levels reached 72–84% of D. bruxellensis biomass
(Blomqvist et al., 2010). Nardi et al. (2010)
demonstrated that Dekkera consumes sugar and
grow much more slowly than S. cerevisiae. The
roles are changed at the end of fermentation, when
sugar is depleted and only low amounts of nitrogen
are available. The expression of MSN4 (transcrip-
tion factor involved in activation of heat shock,
osmotic stress and high ethanol stress) in Dekkera
is activated at higher ethanol concentrations than in
S. cerevisiae. When comparing with the response
on sugar, the situation is the opposite. Late activa-
tion of MSN4 might mean a different ability of
Dekkera to survive on an alternative carbon source
under glucose-starvation conditions. For VPS34,
ERG6 and ATP1, essential in the presence of
ethanol, expression patterns in S. cerevisiae and
Dekkera are different. In Dekkera, ERG6 is not
repressed in stationary phase and ATP1 expression
level at the start of fermentation is extremely high.
Nardi et al. (2010) explained this as being due to
poorly established anaerobiosis. In general, some
stress response genes in D. bruxellensis are
expressed at the beginning of fermentation, but
some of the genes are expressed much later than
those in S. cerevisiae. It seems that, just like the
conventional yeasts, Dekkera is well adapted to fer-
mentation conditions through changes in expression
of its genome or some morphophysiological
features. For example, it has been demonstrated that
D. bruxellensis is able to form biofilms, which
improves attachment on the barrel surface (Joseph
et al., 2007).
Rozpedowska et al. (2011) have studied several

isolates of D. bruxellensis under controlled batch
cultivation for their growth parameters and carbon
metabolism. Under aerobic conditions, D. bruxel-
lensis produced substantial amounts of ethanol
and, as Aguilar Uscanga et al. (2003) have
described previously, good aeration stimulated
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acetate production. After glucose depletion, both
ethanol and acetate were completely consumed.
This yeast could also grow under anaerobiosis if
the minimal medium was supplemented with
Tween 80, ergosterol and amino acids (see also
Blomqvist et al., 2012). In contrast, in the presence
of oxygen B. naardenensis exhibited a completely
respiratory metabolism and could not grow under
anaerobiosis. The D. bruxellensis ethanol yield in
aerobiosis and the ability to grow without oxygen
are very similar to those reported for S. cerevisiae
(Nissen et al., 2000) and its sister species. During
anaerobic growth glucose is converted into biomass
at lower yields than in aerobiosis, due to higher
ethanol production.

Biofuel production

Dekkera yeasts are often present during the biofuel
production process. While Basilio et al. (2008)
have considered the presence of these yeasts as
spoilers of the production processes, other authors
refer to the genus Dekkera as an alternative yeast
to S. cerevisiae for ethanol production (Passoth
et al., 2007). There are a few important features
that make Dekkera suitable for bioethanol produc-
tion. D. bruxellensis is a Crabtree-positive yeast,
so it is possible to obtain ethanol from yeast culture
when high sugar concentrations are available, even
under aerobiosis. It has also been revealed that the
Custer effect takes place under increasingly anaer-
obic conditions. In this case alcoholic fermentation
is inhibited due to a redox imbalance. The other
special feature is high acetic acid production
during aerobic alcoholic fermentation (Leite
et al., 2013).
When scaling up, aeration in bioreactors is be-

coming a problematic and expensive procedure.
Under these conditions, S. cerevisiae is the most
preferable organism. However, S. cerevisiae is
able to use only ammonium ions as a source of
the nitrogen. In this case, nitrate assimilation by
D. bruxellensis is a superior advantage in lignocel-
lulose media, which are rich in nitrate. Recently, a
strict correlation between acetic acid production
and nitrate utilization has been reported (Galafassi
et al., 2013). Glucose consumption in media with
nitrate has also been improved. It seems that
NADPH and NADH, which are available in the
cell under anaerobic conditions, could neutralize
the redox imbalance. Both co-factors play the role

of electron donor for nitrate reductase, which is
active under anaerobic conditions.

Evolution aspects

A majority of ascomycotic fungi under aerobic
conditions convert sugar-based substrates into
CO2. However, at least three groups, including
budding and fission yeasts, have apparently inde-
pendently evolved the metabolic ability to produce
ethanol in the presence of oxygen and excess of
glucose (reviewed in Rozpedowska et al., 2011;
Rhind et al., 2011). This metabolic ’invention’ rep-
resents in nature a possible tool to poison/outcompete
other microbes. The Crabtree-positive budding yeasts
S. cerevisiae and D. bruxellensis can efficiently
catabolize ethanol, and therefore their corresponding
life style has called a ’make–accumulate–consume
(ethanol)’ strategy (Thomson et al., 2005; Piškur
et al., 2006; Rozpedowska et al., 2011). On the other
hand, the third Crabtree-positive group, including the
fission yeast Schizosaccharomyces pombe, only
poorly metabolizes ethanol.
The phylogenetic analysis of Ascomycetes

suggests that the Saccharomyces/Kluyveromyces
and Dekkera/Brettanomyces lineages separated at
least 200 million years ago (Rozpedowska et al.,
2011). In other words, the divergence took place
long before the whole-genome duplication (WGD),
promoter rewiring, URA1 horizontal transfer and
ADH duplication events that occurred in the S.
cerevisiae lineage and are thought to be involved
in the evolution of the ’make–accumulate–consume’
strategy (reviewed in Piškur et al., 2006). The S.
cerevisiae and D. bruxellensis lineages, but not
the K. lactis and B. naardenensis lineages, have
apparently independently acquired the ability to
accumulate ethanol in the presence of oxygen and
resistance to high ethanol concentration, which is a
crucial trait to accompany efficient ethanol produc-
tion and accumulation (Rozpedowska et al., 2011)
(Figure 5).
The origin of the ’make–accumulate–consume’

strategy coincides with the origin of modern plants
with fruits, which> 125 million years ago brought
to microbial communities a new, larger and in-
creasingly abundant source of food based on
simple sugars (reviewed in Piškur et al., 2006). An-
cient yeasts could hardly produce the same amount
of new biomass as bacteria during the same time
interval, and could therefore be out-competed. One
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can speculate that slower growth rate could in
principle be counter-acted by the production of
compounds such as ethanol and acetate that could
inhibit the growth rate of competitors. Therefore,
it is not surprising that several similar ’winning’
traits, such as the ability to grow without oxygen
and the Crabtree effect (or ’make–accumulate–
consume’ strategy), can be found among not so
closely related modern yeasts, such as the
Saccharomyces and Dekkera clades. Surprisingly,
both lineages used the same tool, global promoter
rewiring, to change the regulation pattern of respira-
tion-associated genes, resulting in ethanol accumula-
tion and consequently in the development of the
’make–accumulate–consume’ strategy (Rozpedowska
et al., 2011). An interesting aspect is also that
both yeasts have independently duplicated their
alcohol dehydrogenase-encoding ADH genes (Piskur
et al., 2012).
In conclusion, D. bruxellensis will, in the fol-

lowing years, represent one of the central model
organisms to understand the evolution of yeast
alcoholic fermentations and will also be in focus
from the wine and beer makers’ perspective.

Acknowledgements

We would like to thank the Marie Curie Initial Training
Network Cornucopia (FP 7), the Fysiografen and Lindström
Foundations and the Slovenian Research Agency (ARRS)
for their interest in this project and their financial support.

References

Aguilar Uscanga MG, Délia ML, Strehaiano P. 2003. Brettanomyces
bruxellensis: effect of oxygen on growth and acetic acid production.
Appl Microbiol Biotechnol 61(2): 157–162.

Barata A, Nobre A, Correia P, et al. 2006. Growth and 4-ethylphenol
production by the yeast Pichia guilliermondii in grape juices. Am J
Enol Vitic 57(2): 133–138.

Basílio AC, de Araújo PR, de Morais JO, et al. 2008. Detection and
identification of wild yeast contaminants of the industrial fuel
ethanol fermentation process. Curr Microbiol 56(4): 322–326.

Becker DM, Guarente L. 1991. High-efficiency transformation of
yeast by electroporation. Methods Enzymol 194: 182–187.

Blomqvist J, Eberhard T, Schnurer J, Passoth V. 2010.
Fermentation characteristics of Dekkera bruxellensis. Appl
Microbiol Biotechnol 87(4): 1487–1497.

Blomqvist J, Nogué VS, Gorwa-Grauslund M, Passoth V. 2012.
Physiological requirements for growth and competitiveness of
Dekkera bruxellensis under oxygen-limited or anaerobic
conditions. Yeast 29(7): 265–274.

Boretsky YR, Pynyaha YV, Boretsky VY, et al. 2007. Development
of a transformation system for gene knock-out in the flavinogenic
yeast Pichia guilliermondii. J Microbiol Methods 70(1): 13–19.

Boulton R, Singleton V, Bisson L, Kunkee R. 1996. Principles and
Practices of Winemaking. Chapman Hall: New York.

Chatonnet P, Dubourdieu D, Boidron JN. 1995. The influence
of Brettanomyces/Dekkera spp. yeasts and lactic acid bacteria
on ethylphenol content of red wines. Am J Enol Vitic 46(4):
463–468.

Chatonnet P, Dubourdieu D, Boidron JN, Pons M. 1992. The origin
of ethylphenols in wines. J Sci Food Agr 60(2): 165–178.

Claussen NH. 1904. On a method for the application of Hansen´s
pure yeast system in the manufacturing of well-conditioned
English stock beers. J Inst Brewing 10: 308–331.

Cocolin L, Rantsiou K, Iacumin L, et al. 2004. Molecular detection
and identification of Brettanomyces/Dekkera bruxellensis and
Brettanomyces/Dekkera anomalus in spoiled wines. Appl
Environ Microbiol 70(3): 1347–1355.

Curtin CD, Bellon JR, Henschke PA, et al. 2007. Genetic diversity
of Dekkera bruxellensis yeasts isolated from Australian wineries.
FEMS Yeast Res 7: 471–481.

Curtin CD, Borneman AR, Chambers PJ, Pretorius IS. 2012. De
novo assembly and analysis of the heterozygous triploid genome
of the wine spoilage yeast Dekkera bruxellensis AWRI 1499.
PLoS One 7(3): e33840.

Custers MTJ. 1940. Onderzoekingen over het gistgeslacht
Brettanomyces. Thesis, Delft.

Daenen L, Saison D, Sterckx F, et al. 2008. Screening and
evaluation of the glucoside hydrolase activity in Saccharomyces
and Brettanomyces brewing yeast. J Appl Microbiol 104(2):
478–488.

de Barros Pita W, Leite FC, de Souza Liberal AT, et al. 2011.
The ability to use nitrate confers advantage to Dekkera
bruxellensis over S. cerevisiae and can explain its adaptation
to industrial fermentation processes. Antonie Van Leeuwenhoek
100(1): 99–107.

Delfini C, Formica J. 2001. Wine Microbiology, Science and
Technology. Marcel Dekker: New York.

Dequin S, Salmon JM, Nguyen HV, Blondin B. 2003. Wine yeasts.
In Yeasts in Food: Beneficial and Detrimental Aspects, Boekhout
T, Robert V (eds). Behr’s Verlag: Hamburg; 389–412.

de Schutter K, Lin YC, Tiels P, et al. 2009. Genome sequence of the
recombinant protein production host Pichia pastoris. Nat
Biotechnol 27(6): 561–566.

de Souza Liberal AT, Basílio AC, do Monte Resende A, et al. 2007.
Identification of Dekkera bruxellensis as a major contaminant
yeast in continuous fuel ethanol fermentation. J Appl Microbiol
102(2): 538–547.

de Souza Liberal AT, Carazzolle MF, Pereira GA, et al. 2012. The
yeast Dekkera bruxellensis genome contains two orthologs of the
ARO10 gene encoding for phenylpyruvate decarboxylase. World
J Microbiol Biotechnol 28(7): 2473–2478.

Dufour JP, Verstrepen K, Derdelinckx G. 2003. Brewing yeasts. In
Yeasts in Food: Beneficial and Detrimental Aspects, Boekhout T,
Robert V (eds). Behr’s Verlag: Hamburg; 347–388.

Egli CM, Henick-Kling T. 2001. Identification of Brettanomyces/
Dekkera species based on polymorphism in the rRNA internal
transcribed spacer region. Am J Enol Vitic 52(3): 241–247.

FaddaME, Cosentino S, Deplano N, Palmas F. 2001. Yeast populations
in Sardinian feta cheese. Int J Food Microbiol 69(1–2): 153–156.

Fugelsang KC. 1996. Wine Microbiology. Chapman Hall: New York.

330 A. J. Schifferdecker et al.

© 2014 The Authors. Yeast published by John Wiley & Sons, Ltd. Yeast 2014; 31: 323–332.
DOI: 10.1002/yea



Fugelsang KC, Zoecklein BW. 2003. Population dynamics and
effects of Brettanomyces bruxellensis strains on Pinot Noir
(Vitis vinifera L.) wines. Am J Enol Vitic 54(4): 294–300.

Galafassi S, Capusoni C, Moktaduzzaman M, Compagno C. 2013.
Utilization of nitrate abolishes the ’Custers effect’ in Dekkera
bruxellensis and determines a different pattern of fermentation
products. J Ind Microbiol Biotechnol 40(3–4): 297–303.

Galafassi S, Merico A, Pizza F, et al. 2011. Dekkera/Brettanomyces
yeasts for ethanol production from renewable sources under
oxygen-limited and low-pH conditions. J Ind Microbiol
Biotechnol 38(8): 1079–1088.

Godoy L, Garrido D, Martınez C, et al. 2009. Study of the
coumarate decarboxylase and vinylphenol reductase activities of
Dekkera bruxellensis (anamorph Brettanomyces bruxellensis)
isolates. Lett Appl Microbiol 48: 452–457.

Hagström Å. 2008. Autonomously Replicating Sequence Elements
in the Wine Spoilage Yeast Dekkera bruxellensis. Master’s
Thesis, Institute of Cell and Organism Biology, Lund University,
Sweden.

Harris V, Ford CM, Jiranek V, Grbin PR. 2009. Survey of enzyme
activity responsible for phenolic off-flavour production by
Dekkera and Brettanomyces yeast. Appl Microbiol Biotechnol
81(6): 1117–1127.

Hellborg L, Piškur J. 2009. Complex nature of the genome in a
wine spoilage yeast, Dekkera bruxellensis. Eukaryot Cell 8(11):
1739–1749.

Hoeben P, Clark-Walter GD. 1986. An approach to yeast
classification by mapping mitochondrial DNA from Dekkera/
Brettanomyces and Eeniella genera. Curr Genet 10: 371–379.

Hoeben P, Weiller G, Clark-Walter GD. 1993. Larger rearranged
mitochondrial genomes in Dekkera/Brettanomyces yeasts are
nore closely related than smaller genomes with a conserved gene
order. J Mol Evol 36: 263–269.

Ibeas JI, Lozano I, Perdigones F, Jimenez J. 1996. Detection of
Dekkera-Brettanomyces strains in sherry by a nested PCR
method. Appl Environ Microbiol 62(3): 998–1003.

Joseph CM, Kumar G, Su E, Bisson LF. 2007. Adhesion and
biofilm production by wine isolates of Brettanomyces
bruxellensis. Am J Enol Viticult 58: 373–378.

Leite FC, Basso TO, Pita Wde B, et al. 2013. Quantitative aerobic
physiology of the yeast Dekkera bruxellensis, a major
contaminant in bioethanol production plants. FEMS Yeast Res
13(1): 34–43.

Licker JL, Acree TE, Henick-Kling T. 1998. What is ’Brett’
(Brettanomyces) flavour? A preliminary investigation. In
Chemistry of Wine Flavour, Waterhouse AL, Ebeler SE (eds).
American Chemical Society: Washington, DC; 96–115.

Loureiro V, Malfeito-Ferreira M. 2003. Spoilage yeasts in the wine
industry. Int J Food Microbiol 86: 23–50.

Manzano M, Cocolin L, Longo B, Comi G. 2004. PCR–DGGE
differentiation of strains of Saccharomyces sensu stricto. Antonie
Van Leeuwenhoek 85: 23–27.

Mayser P, Fromme S, Leitzmann C, Gründer K. 1995. The yeast
spectrum of the ‘tea fungus Kombucha’. Mycoses 38: 289–295.

McArthur CR, Clark-Walter GD. 1983. Mitochondrial DNA size
diversity in theDekkera/Brettanomyces yeasts.CurrGenet 7: 29–35.

Merico A, Sulo P, Piskur J, Compagno C. 2007. Fermentative
lifestyle in yeasts belonging to the Saccharomyces complex.
FEBS J 274(4): 976–989.

Meroth CB, Hammes WP, Hertel C. 2003. Identification and
population dynamics of yeasts in sourdough fermentation

processes by PCR-denaturing gradient gel electrophoresis. Appl
Environ Microbiol 69: 7453–7461.

Miot-Sertier C, Lonvaud-Funel A. 2007. Development of mole-
cular method for the typing of Brettanomyces bruxellensis
(Dekkera bruxellensis) at the strain level. J Appl Microbiol 102(2):
555–562.

Nardi T, Remize F, Alexandre H. 2010. Adaptation of yeast
Saccharomyces cerevisiae and Brettanomyces bruxellensis to
winemaking conditions: a comparative study of stress gene
expression. Appl Microbiol Biotechnol 88: 925–937.

Nissen TL, Hamann CW, Kielland-Brandt MC, et al. 2000. Anaer-
obic and aerobic batch cultivations of Saccharomyces cerevisiae
mutants impaired in glycerol synthesis. Yeast 16: 463–474.

Passoth V, Blomqvist J, Schnürer J. 2007. Dekkera bruxellensis and
Lactobacillus vini form a stable ethanol-producing consortium in
a commercial alcohol production process. Appl Environ
Microbiol 73: 4354–4356.

Phister TG, Mills DA. 2003. Real-time PCR assay for detection and
enumeration of Dekkera bruxellensis in wine. Appl Environ
Microbiol 69: 7430–7434.

Piškur J, Ling Z, Marcet-Houben M, et al. 2012. The genome of
wine yeast Dekkera bruxellensis provides a tool to explore its
food-related properties. Int J Food Microbiol 157: 202–209.

Piškur J, Rozpędowska E, Polakova S, Merico A, Compagno C.
2006. How did Saccharomyces evolve to become a good brewer?
Trends Genet 22(4): 183–186.

Pretorius IS. 2000. Tailoring wine yeast for the new millennium:
novel approaches to the ancient art of winemaking. Yeast 16(8):
675–729.

Pronk JT, Yde Steensma H, van Dijken JP. 1996. Pyruvate metab-
olism in Saccharomyces cerevisiae. Yeast 12(16): 1607–1633.

Procházka E, Poláková S, Piškur J, Sulo P. 2010. Mitochondrial
genome from the facultative anaerobe and petite-positive yeast
Dekkera bruxellensis contains the NADH dehydrogenase subunit
genes. FEMS Yeast Res 10: 545–557.

Renouf V, Claisse O, Lonvaud-Funel A. 2007. Inventory and
monitoring of wine microbial consortia. Appl Microbiol
Biotechnol 75: 149–164.

Renouf V, FalcouM,Miot-Sertier C, et al. 2006. Interactions between
Brettanomyces bruxellensis and other yeast species during the
initial stages of winemaking. J Appl Microbiol 100: 1208–1219.

Rhind N, Chen Z, Yassour M, et al. 2011. Comparative functional
genomics of the fission yeasts. Science 332: 930–936.

Rodrigues N, Gonçalves G, Pereira-da-Silva S, et al. 2001.
Development and use of a new medium to detect yeasts of the
genera Dekkera/Brettanomyces. J Appl Microbiol 90: 588–599.

Rozpedowska E, Hellborg L, Ishchuk OP, et al. 2011. Parallel
evolution of the make–accumulate–consume strategy in
Saccharomyces and Dekkera yeasts. Nat Commun 2: 302.

Shantha Kumara HMC, De Cort S, Verachtert H. 1993. Localisation
and characterization of α-glucosidase activity in Brettanomyces
lambicus. Appl Environ Microbiol 59: 2352–2358.

Šiurkus J. 2004. Preliminary Molecular Biology Studies of Dekkera
bruxellensis Yeast. Master’s Thesis, Technical University of
Denmark.

Stender H, Kurtzman C, Hyldrig-Nielsen JJ, et al. 2001. Identifica-
tion of Dekkera bruxellensis (Brettanomyces) from wine by
fluorescence in situ hybridization using peptide nucleic acid
probes. Appl Environ Microbiol 67: 938–941.

Teoh AL, Heard G, Cox J. 2004. Yeast ecology of Kombucha
fermentation. Int J Food Microbiol 95: 119–126.

331The wine and beer yeast Dekkera bruxellensis

© 2014 The Authors. Yeast published by John Wiley & Sons, Ltd. Yeast 2014; 31: 323–332.
DOI: 10.1002/yea



Thomson JM, Gaucher EA, Burgan MF, et al. 2005. Resurrecting an-
cestral alcohol dehydrogenase from yeast. Nat Genet 37: 630–635.

Tiukova IA, PettersonME, Tellgren-Roth C, et al. 2013. Transcriptome
of the alternative ethanol production strainDekkera bruxellensisCBS
11270 in sugar limited, low oxygen cultivation. PLoS One 8: e58455.

van der Walt JP. 1964. Dekkera, a new genus of the
Saccharomycetaceae. Antonie Van Leeuwenhoek 30: 273–280.

van der Walt JP, van Kerken AE. 1959. The wine yeasts of the
Cape: part II – the occurence of Brettanomyces intermedius and
Brettanomyces schanderlii in South African table wines. Antonie
Van Leeuwenhoek 25: 145–151.

van der Walt JP, van Kerken AE. 1960. The wine yeasts of the Cape
Part IV. Ascospore formation in the genus Brettanomyces.
Antonie van Leeuwenhoek 26: 292–296.

van Dijken JP, Scheffers WA. 1986. Redox balances in the
metabolism of sugars by yeasts. FEMS Microbiology Letters
32: 199–224.

Vigentini I, De Lorenzis G, Picozza C, et al. 2012. Intraspecific
variations of Dekkera/Brettanomyces bruxellensis genome
studied by capillary electrophoresis separation on the intron
splice site profiles. Int J Food Microbiol 157: 6–15.

Vigentini I, Romano A, Compagno C, et al. 2008. Physiological and
oenological traits of different Dekkera/Brettanomycesbruxellensis
strains under wine-model conditions. FEMS Yeast Res
8: 1087–1096.

Woolfit M, Rozpedowska E, Piškur J, Wolfe KH. 2007. Genome
survey sequencing of the wine spoilage yeast Dekkera
(Brettanomyces) bruxellensis. Eukaryot Cell 6: 721–733.

332 A. J. Schifferdecker et al.

© 2014 The Authors. Yeast published by John Wiley & Sons, Ltd. Yeast 2014; 31: 323–332.
DOI: 10.1002/yea


