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Brettanomyces sp. and its ascosporogenous sexual state, Dekkera sp., have been well documented as spoilage
microorganisms, usually associated with barrel-aged red wines. In this report, we describe the genetic char-
acterization, on the basis of DNA content per cell, electrophoretic karyotyping, and mitochondrial DNA
restriction patterns, of a Dekkera yeast strain isolated from sherries and of a number of other Brettanomyces
and Dekkera strains. By using a genomic DNA fragment of the isolated Dekkera strain, we developed a two-step
PCR method which directs the specific amplification of target DNA from this strain and from other Bretta-
nomyces-Dekkera strains. The method efficiently amplified the target DNA from intact cells, obviating DNA
isolation, and yielded a detection limit of fewer than 10 yeast cells in contaminated samples of sherry.

Yeasts of the genera Brettanomyces and Dekkera (its sexual
state) are some of the more troublesome yeasts that grow in
fruit juice and wine. These microorganisms (and certain lactic
acid bacteria) are responsible for the unpleasant odor and taste
known as “mousiness” (7, 8) and cause economic losses that
run into the hundreds of thousands of dollars (5). The classical
habitat for both yeasts is barrel-aging red wine, but Brettano-
myces-Dekkera yeasts have been isolated from many other fer-
mented beverages, such as beer and cider (5, 6, 19). Therefore,
efforts toward monitoring, isolation, and control of these spe-
cies affect a large number of beverages.

Monitoring and control of these species is, however, difficult
work, and part of the problem is the difficulty encountered in
routine isolation and identification at the genus level. These
microorganisms grow very slowly in current yeast media, and
the rapid growth of other yeasts and bacteria makes the isola-
tion step difficult (5, 14); in attempts to isolate minority pop-
ulations of slowly growing Brettanomyces-Dekkera yeasts from
mixed flora, cycloheximide is often included as a selective
inhibitor to impede the growth of numerically superior mi-
crobes such as Saccharomyces sp. (cycloheximide sensitive).
However, this property is also common to the genera Hanse-
nioaspora and Kloeckera, for instance, which are also part of
the normal flora of wine fermentation. Brettanomyces-Dekkera
species are strongly acidogenic, producing large amounts of
acetic acid from the oxidation of ethanol (5, 6). Thus, in ad-
dition to the cycloheximide-resistant character, production of
acetic acid has also been used as a diagnostic test for the
occurrence of Brettanomyces and Dekkera yeasts. The involve-
ment of Brettanomyces-Dekkera species in wine spoilage has
been reported in many different fermented beverages, but
these microorganisms were not noted in sherries. These wines
are made in Jerez, Spain, by a traditional procedure (3). The
characteristic properties of sherries are due mainly to aging,
which occurs in oak barrels under a film of Saccharomyces
yeasts (known as “flor” yeasts) (11). This yeast film has two
principal functions in the aging procedure; firstly, flor yeast
metabolism greatly contributes to the particular characteristics
of sherry, and secondly, the active consumption of oxygen and
the isolation effect exerted by the yeast layer prevent wine
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oxidation. The reduced conditions (low oxygen concentration)
produced by the flor yeast layer, together with the inhibitory
concentration of ethanol (over 15%), confer, a priori, an in-
appropriate environment for the development of Dekkera-Bret-
tanomyces strains in sherries. However, routine chemical anal-
ysis of sherries occasionally reveals the presence of abnormally
high amounts of acetic acid in the absence of contaminating
bacteria. We isolated yeast colonies from these acidified wines
which, according to standard taxonomic criteria, belonged to
the species Dekkera bruxellensis (1). In this report, we describe
the genetic characterization of this Dekkera yeast and the de-
velopment of a nested PCR method which successfully detects
Brettanomyces-Dekkera strains.

MATERIALS AND METHODS

Strains and culture conditions. The strains used in this study and their origins
are listed in Table 1. Brettanomyces anomalus (STCC1008, CBS77) and B. claus-
senii (STCC1011, CBS76) are synonyms for the D. anomala (STCC1008, CBS77)
type strain; B. bruxellensis (STCC1009, CBS72) and D. intermedia (STCC1452,
CBS4914) are synonyms for the D. bruxellensis (STCC1451, CBS74) type strain
(2). B. lambicus (STCC1010, CBS75) is proposed in this study as a synonym for
D. bruxellensis. S. cheresiensis (C7) and S. montuliensis (ET7) are synonyms for
Saccharomyces cerevisiae (15). Strains C7 and ET7, as well as Zygosaccharomyces
rouxii LA6 and S. beticus C5 and OSB138, are flor yeasts isolated from sherries.

Dekkera and Brettanomyces strains were grown on malt agar medium (2% malt
extract, 2% glucose, 0.1% peptone, 2% agar) at 25°C. Saccharomyces and Zy-
gosaccharomyces yeasts were grown on YPD medium (0.5% yeast extract, 1%
peptone, 2% glucose, 2% agar) at 30°C.

Brettanomyces and Dekkera strains were obtained from the Spanish Type
Culture Collection (STCC), Departamento de Microbiologia, Facultad de
Farmacia, Universidad de Valencia, Valencia, Spain. Flor yeasts were obtained
from Osborne y Cia SA (OSB). Haploid strain S. cerevisiae MMY2 was kindly
provided by R. Bailey and has been previously described (11).

Genetic characterization. Molecular karyotyping of the strains described in
this work was performed with a contour-clamped homogeneous electric field
system (Bio-Rad), essentially as described in reference 10. Mitochondrial DNA
restriction analysis was carried out by following the procedure of reference 16,
and flow cytometry analysis was carried out with a FACScan system (Becton-
Dickinson) as described in reference 12.

Isolation of genomic DNA. A yeast cell pellet harvested by centrifugation of
100 ml of an overnight culture was suspended in 10 ml of CPES buffer (50 mM
citrate-phosphate [pH 5.6], 40 mM EDTA [pH 8], 1.2 M sorbitol) with 10 mg of
zymolyase 20 T and incubated at 37°C for 90 min. Treated cells were centrifuged
for 7 min at 2,000 X g, suspended in 5.5 ml of TE (10 mM Tris HCI [pH 8], 1 mM
EDTA [pH 8])-1% sodium dodecyl sulfate, and incubated at 65°C for 1 h. After
incubation, 1.7 ml of 5 M potassium acetate was added and the mixture was
incubated on ice for 5 min. This cell extract was centrifuged for 10 min at 5,000
X g and 4°C; 4 ml of supernatant was removed, mixed with an equal volume of
isopropanol (ice chilled), and incubated for 20 min at —20°C. The mixture was
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TABLE 1. Strains used in this work
Strain designation® used by:
Species Synonyms Source
0SB sTCC CBS”

Dekkera bruxellensis OSB101 This study

Dekkera bruxellensis STCC1451T CBS74T STCC
Brettanomyces bruxellensis STCC1009 CBS72 STCC
Dekkera intermedia STCC1452 CBS4914 STCC
Brettanomyces lambicus STCC1010 CBS75 STCC

Dekkera anomala Brettanomyces anomalus STCC1008™ CBS77" STCC
Brettanomyces claussenii STCC1011 CBS76 STCC

Saccharomyces beticus cs* OSB

Saccharomyces beticus OSB138F OSB

Saccharomyces cerevisiae MMY2 R. Bailey
Saccharomyces cheresiensis C7* OSB
Saccharomyces montuliensis ET7% OSB

Zygosaccharomyces rouxii LAG6" OSB

“T, type strain; F, flor yeast.
b Centraalbureau voor Schimmelcultures Yeast Division.

centrifuged, and the pellet was washed with 70% ethanol and resuspended in
0.25 ml of TE. This solution was phenol-chloroform extracted, and RNA was
removed by RNase A treatment. One-tenth of a milliliter of sodium acetate (final
concentration, 0.3 M) and 1 ml of ethanol were added to precipitate the DNA.
The precipitated DNA was washed with 70% ethanol and finally resuspended in
50 wl of TE.

Library construction. DNA from D. bruxellensis OSB101 was digested with
HindIIl, the digested DNA was ligated to the pBluescriptSK cloning vector
(Stratagene), and chimeric plasmids containing a DNA fragment from strain
OSB101 were selected (17). The DNA sequence of both strands of one of these
fragments, chosen to design appropriate PCR primers, was determined by using
an ALF sequencer (Pharmacia) and the sequencing kit provided by Pharmacia.

Dot and slot blot hybridization. Genomic DNA samples (200 ng) from yeast
strains and salmon sperm were transferred to a hybridization membrane by dot
blotting or slot blotting in a Hoefer slot blot system. Subsequent hybridization
was performed as previously described (4). A random primer method was used
for radioactive labelling of the DNA proof (17).

PCR amplifications. Primers were purified by fast protein liquid chromatog-
raphy (Pharmacia). The sequences of the primers used were as follows: DBI,
AGAAGTTGAACGGCCGCATTTGCAC (sense); DB2, AGGATTGTTGAC
ACTCTCGCGGAGG (antisense); DB3, CGGCATATCGAAGACAG (sense);
DB4, CATCCTCGCCATACAAC (antisense). In the two-step PCR method
designed in this work, primers BD1 and BD2 were used in the first reaction. The
reaction mixture was preheated for 5 min at 95°C, and then 30 cycles were carried
out, each of which consisted of a denaturing step (30 s, 95°C), an annealing step
(30 s, 55°C), and an extension step (1 min, 72°C). After the last cycle, extension
was continued for a further 10 min to allow completion of the reaction. The PCR
mixture contained either intact cells, plasmid DNA, or 20 ng of genomic DNA
(as indicated in Results and Discussion); 25 pmol of each oligonucleotide primer;
each deoxynucleoside triphosphate at 0.2 mM; 10 pl of 10X Tag DNA poly-
merase buffer; and 2.5 U of Tag DNA polymerase, was made up to a total volume
of 100 p.l with sterile distilled water, and was overlaid with 100 pl of mineral oil.
A 1-pl sample of this PCR-amplified DNA was used to initiate the second
reaction (BD3 and BD4 were used as nested primers), which was achieved under
conditions identical to those used for the first PCR, except that 65°C was used as
the annealing temperature.

RESULTS AND DISCUSSION

Genetic characterization of a Dekkera yeast strain isolated
from sherry. Sherries have a high content of ethanol (more
than 15%) and a low-oxygen environment. These are adverse
conditions for the development of many spoilage microorgan-
isms that may proliferate in other types of wine (11). Our
routine chemical analysis occasionally led to the discovery of
barrels containing up to 1 mg of acetic acid per ml (five times
more than usual). In many cases, no bacterial colonies were
isolated; instead, slowly growing yeast colonies were recovered
when a sample of the spoiled wine was plated. Cycloheximide
resistance, production of acetic acid, and other properties de-
scribed in taxonomic guides (1) suggested that the isolated
yeast was D. bruxellensis. This yeast was able to produce acetic

acid in malt extract medium and also acidified sterile sherry
(data not shown), indicating that the yeast was responsible for
the high acetic acid content (and probably other disagreeable
characteristics) perceived in the acidified wine. Brettanomyces
or Dekkera strains in sherry had not been previously described;
for this reason, we first performed a comparative study of the
electrophoretic karyotypes, the mitochondrial DNA restriction
patterns, and the DNA contents per cell of the isolated yeast
strain and a number of Brettanomyces and Dekkera strains.

As shown in Fig. 1a, the molecular karyotype of the isolated
yeast was very similar to that of Dekkera-Brettanomyces type
strains, all of which show four large chromosomes. In all cases,
the relative amount of DNA was higher in some bands than in
others, suggesting that different chromosomes are similar in
size or that certain chromosomes are present in higher num-
bers than others, reflecting an aneuploid condition. The
amounts of DNA per cell obtained in all of the Brettanomyces
and Dekkera strains used varied from 0.9 to 1.8 times that
found in haploid S. cerevisiae MMY?2 cells (Fig. 1b). If haploid
genomes of Brettanomyces-Dekkera and Saccharomyces yeasts
are similar in size (similar DNA contents), the amount of DNA
found in Brettanomyces and Dekkera yeasts would also suggest
different degrees of aneuploidy in these natural yeasts. The
Dekkera sp. strain OSB101 isolated showed the larger amount
of DNA per cell (1.8-fold), a value more similar to that found
in B. bruxellensis (1.5-fold) than to that of any other Dekkera
strain. The smaller amount corresponded to B. anomalus and
B. claussenii (0.9-fold), both of which have DNA content sim-
ilar to that of haploid Saccharomyces yeasts.

A rapid and simple method of Saccharomyces yeast charac-
terization, based on mitochondrial DNA restriction analysis,
has been described for monitoring of wine fermentation (16).
We applied this method to Dekkera and Brettanomyces yeasts,
and interestingly, the procedure yielded characteristic mito-
chondrial DNA patterns in these yeasts as well (Fig. 1c). Mi-
tochondrial DNA restriction analysis by this method indicated
that the pattern observed in Dekkera sp. strain OSB101 was
very similar to that of D. bruxellensis (Fig. 1c). B. bruxellensis
and B. lambicus shared some bands with Dekkera strains (in
particular, with OSB101), which could be indicative of a close
phylogenetic relationship between these strains and Dekkera
sp. strain OSB101 too. In general terms, the mitochondrial
DNA restriction analysis patterns of different Dekkera-Bretta-
nomyces strains which are closely related varied (Fig. 1c), in-
dicating that the mitochondrial DNA is polymorphic in these
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FIG. 1. Genetic characterization of Dekkera strain OSB101, isolated from
] L ; ! 0 200 400 600 800 1000 0 200 400 600 800 1000
sherry, in comparison with other Dekkera and Brettanomyces strains. (a) Elec- DNA content/cell DNA content/cell

trophoretic karyotype of the Brettanomyces (STCC1008, CBS77) and Dekkera
(STCC1451, CBS74) type strains, compared with that of Dekkera strain OSB101,
isolated from sherry. Schizosaccharomyces pombe was used as the standard for D. bruxellensis D. intermedia
chromosome size. (b) DNA contents per cell obtained by cytometric analysis of 70 70

the strains indicated. Each arrow indicates the value (arbitrary units) obtained
for nonbudded cells of each strain. (c) Restriction analysis of the mitochondrial
DNA of the strains indicated digested with Alul and Hinfl (HindIII-digested \
DNA was used as the standard). Mpb, megabase pairs. mt, mitochondrial.
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gree of polymorphism is probably lower, since two different DNA content/cell DNA content/cell
strains isolated from completely different sources (B. anomalus
and B. claussenii) had identical patterns. 6. anomalus B bruxeliensis

Thus, on the basis of classical taxonomic guides and the 70 ) 70 )
above-described genetic characterization, we conclude that the ad 345
acidifying yeast isolated in sherry actually belongs to the genus l
Dekkera. The similarity of B. lambicus and D. bruxellensis found 15 35
in our study (for example, they have identical mitochondrial
DNA patterns) also suggests that D. bruxellensis is the type
strain of B. lambicus.

Detection of intact Dekkera-Brettanomyces yeast cells by O T 00 0 650 Beg. 1000 T o0 40 600 500 1000
nested PCR. The time frame for maximal cell number devel- DNA contentcell DNA content/cell
opment and subsequent decline of Brettanomyces-Dekkera
strains probably depends on wine chemistry and other envi- 315 B lambicus S
ronmental factors. In barrel-aging sherry, the high alcohol con- 70 ' 704 204 ’
tent and the anaerobic conditions conferred by the flor yeasts i
should prevent proliferation of these yeasts. In fact, occurrence
of Dekkera species in sherry was occasional; however, in certain
cases these yeasts became established and were capable of
attaining substantial population densities. Therefore, pro-
grams monitoring the presence of Dekkera yeasts in sherry are
also essential. The monitoring method of choice generally in- 00 490 600 500 1000 o 00 400 500 800 o0
volves collection of microbes by membrane filtration and sub- DNA contentcell DNA contenticeli
sequent culture by using media designed to identify acetic
acid-producing, cycloheximide-resistant yeasts. This method
takes too long for identification, and in fact, alternatives such Cc
as enzyme-linked immunosorbent assays have been proposed
(14).

The PCR is another reliable, sensitive, and rapid method
capable of widespread application in processes such as wine
production. The PCR procedure allows specific detection of
DNA sequences, and thus it is ideally suited to the detection of
contaminating microorganisms (9, 13, 18). To design a PCR
protocol for specific detection of Dekkera species in wine, we
initiated the search for a suitable DNA sequence in current
databases, but the selection of such a sequence was restricted
by the limited available gene data about these species. For this
reason, we isolated and sequenced a DNA fragment from this
yeast that is suitable for specific PCR amplification. To this
end, we prepared a genomic library of the Dekkera sp. strain
OSB101 yeast isolated from sherry (see Materials and Meth-
ods). Twenty clones of this library were randomly chosen, and
three of them were further characterized as follows.

Saccharomyces species are the most abundant yeasts present
in sherry. To prevent nonspecific amplification from these nu-
merically superior strains, each Dekkera DNA fragment was Alu | Hinf 1
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FIG. 2. (a) Dot blot analysis of genomic DNA isolated from the strains
indicated, and probed with three radiolabelled DNA fragments from D. bruxel-
lensis OSB101. (b) Slot blot analysis of DNAs from a variety of Dekkera and
Brettanomyces strains and flor yeast strains (see Table 1) as a control, probed with
the D. bruxellensis OSB101-specific hybridizing DNA fragment.

radiolabelled and used to probe DNAs from Dekkera strain
OSBI101 and different flor yeast strains by dot blot analysis.
Two of the radiolabelled probes cross-hybridized to the flor
yeast DNA used, but one was specific for the DNA isolated
from the Dekkera strain (Fig. 2a). This Dekkera-specific DNA
fragment was also used to probe DNAs from different Dekkera
and Brettanomyces strains, and the levels of cross-hybridization
found were similar in all cases (Fig. 2b), except for B. anoma-
lus, which poorly retained labelled DNA. Therefore, DNA
sequences from this fragment could be useful for specific de-
tection of Dekkera and Brettanomyces strains by PCR.

The 0.6-kb DNA fragment was sequenced, and the resulting
sequence was compared to sequences available in current da-
tabases. This DNA fragment was chosen on the basis of its
specific hybridization to Dekkera strain OSB101 DNA; how-
ever, as shown in Fig. 3a, this DNA sequence had significant
homology with the RAD4 gene from S. cerevisiae. To obtain a
highly sensitive detection technique for Dekkera strains, we
designed a two-step PCR method based on this sequence, but
stretches of very low homology were selected to avoid false
positives from Saccharomyces yeasts. By using this criterion, we
designed two primers for the first reaction (DB1 [sense] and
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a RAD4 S.c. 301 RCTATARATA TGCTATCACT GATGAGRAAG CATTGGACGA ATTGATGTTC ATGGTCTTGA 360
RAD4 D.b. 1 AGCTTG 6
RAIM S.c. 361 ARGRTGTACC ACARGCGATT CARRAGATGG CCCCATACAR GATTGTAAAA GGCBCARGGA 420

PRIMER DB1
RAD4 D.b. 7 GCTCRACATC GAAGARAGTTG _RACGGCCGCR TTTGCACAAT CGTGH?G]’TG E’I?CT‘IZHFICG'IT 66
1t It T4 LI e
RAD4 Sec. 421 CCTTACCARA TGGAGGTRAC GTCTCCAGGG TCTCGTCCAT TGTCAARGTCG CATGCTGGCT 480
PRIMER DB3
RAD4 D.b. 67 CITTGCTTGA GCTTTTGGAC GGCATATCGA AGACAGHGAT GGCRATTCTC GTTTTRAGAGT 126
e P i rroerrt bl [l
RADA4 S.c. 481 CTTTGTTGAT TTTATTGART GATATTACTA ATACGGARAC AGCAGCATTA GTTCTTCATT 540
RAD4 Db 127 CTACCCAGGA GCTTTTCCCA TACATCATGT CGTGGAGGAR GATCCTARRG ATCTTGATCA 186
[ L T N N e L s [N
RAD4 S.c. 541 CTGTCAACGA ATTGATGCCT TATCTTTTAT CATACAGAAG GRATCTTARAG GAGCTTATTA 800
RAD4 Db. 187 ACAGCGTGGT GCAGGTTTGG GCATCATCOG GCOATTTCGA GACCCAGGTT GCCGCGTTTG 246
I R N L N L I ey e Y
RAD4 S.c. 601 RATCAATTGT TGGRGTATGG TCTACRACGA GAGAATTACA AACCCAGATT GCTTCTTTTG 660
RAD4 Db 247 CCTTTCTAARA CARCGTGTCC CACGRGTATC CAAAGGCAGT GTTGGAGATT ACHCTCAGAT 306
Ty [Fe R ISR NIN * 1
RAD4 S.c 661 CCTTTTTGAT CAATACCACC ARRGAGTTCA RAGARGTCTAT GCTAGRAACA ACCTTARARC 720
RAD4 Db 207 CGATGTATTC AGGCTITGTG AAGARCTGLC GCCGCACARA CGTTCACACA ATCCCCTCGA 366
NI I L L
RAD4 S.c 721 ARCGTACETC CACTTTTATC AARAGTTGTC GTARARCGAA TATGCGTTCT ATGCCACTGA 780
PRIMER DB4
RAD4 Db 367 TCARCTTCCA GAAGAACTCG ATGGCCGABT TGTATGGCGA GGATGARAGT TTGGGATACA 426
Vb e i IS T )1t
RAD4 8¢ 781 TTRATTTTCA ARARRRTTCG GCAGCTGART TGTTCGGTAT CGATGRAGTT CTRGGTTACC 840
§ § PRIMER DB2
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RAD4 Sc 841 ARGTTGGATT TGAGTARTATT AGGCARTTGG CARTTCATTT ARGRAATACA ATGAACGCGA 900
RAD4 Db. 487 CCARGGG AGAGTTACAR GGGCTKTTTT ACAACCTGGC AGLG 530
111 *
RAD4 Sec. 901 CAACTARAAR ATCCAGTARA ATTARTTCCG CAGRAGCTTA CARGRTTGTA TRCAACTGGC 960
RAD4 S.c. 961 AATTCTGTCA CTCCTTGGAT TTCTGGTCTC GTGTACTATC GTTTGCTTGT CARCCAGARR 1020
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FIG. 3. (a) DNA sequence of the Dekkera-Brettanomyces (D.b.)-specific frag-
ment and its homology to the RAD4 gene of S. cerevisiae (S.c.). Sequences chosen
for PCRs are in boxes. (b) Schematic representation of the nested PCR em-
ployed and DNA fragments produced by the first and second PCRs (molecular
weights indicated are based on an Haelll-digested & DNA standard). pb, base
pairs.

DB2 [antisense]) and two other nested primers for the second
PCR (DB3 [sense] and DB4 [antisense]). The locations and
orientations of these primers, as well as a schematic represen-
tation of the PCR procedure, are represented in Fig. 3. When
the reaction was carried out with an excess of plasmid DNA
containing the sequenced fragment, the first reaction yielded a
PCR fragment 471 bp long, and the second yielded a fragment
327 bp long, as predicted from the target DNA sequence (Fig.
3

To check the efficiency of the first PCR, samples containing
the target DNA sequence in a plasmid were serially diluted and
subjected to 30 cycles of amplification with primers DB1 and
DB2. As shown in Fig. 4a, the target DNA produced an intense
band of the expected size in ethidium bromide-stained agarose
gels. According to the numbered serial dilution, a detection
limit of 1,000 copies was achieved in this first PCR. A 1-pl
sample of each PCR mixture was used to achieve a second
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FIG. 4. (a) Sensitivity of the reaction. Shown is an ethidium bromide-stained
agarose gel containing the PCR-amplified DNA obtained in the first and second
nested PCRs by using serially diluted samples of plasmids containing the target
DNA (values indicate the average numbers of plasmids loaded in the first PCR).
The plasmid without a target DNA was used as a control (lane C). (b) Specificity
of the PCR. Shown is an ethidium bromide-stained agarose gel containing the
PCR-amplified DNA obtained in the first and the second PCRs by using DNAs
from the indicated strains (DNA from S. cerevisiae MMY2 was used as a control
[lane C]).

amplification with the DB3 and DB4 nested primers. After 30
cycles of amplification, up to a single copy of the plasmid in the
original solution was detectable (Fig. 4a). To assay the detec-
tion of genomic sequences, DNA samples extracted from a
number of yeast species were used in the nested PCR proce-
dure; the reaction was performed as described in Materials and
Methods for the amplification of plasmid DNA. The amplifi-
cation rendered the expected products from D. bruxellensis
OSBI101, from all of the other Dekkera strains used (from D.
intermedia, the expected DNA fragment was visualized only in
the second PCR), and from B. bruxellensis and B. lambicus, but
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the reaction did not render observable DNA products when we
used DNA from flor yeasts, from B. anomalus, or from B.
claussiensis (Fig. 4b), indicating that the procedure is selective
and specific for D. bruxellensis and synonymous strains (Table
1).

To simplify the procedure, we collected cells directly from a
yeast colony (about 10° cells) and suspended the yeast cells in
100 pl of sterile water. A 10-pl volume of the cell suspension
and subsequent dilutions were then used for the PCR. The
nested PCR rendered possible the detection of fewer than 10
intact cells of Dekkera strains, with no need for DNA purifi-
cation steps. We do not know how the PCR method works on
intact cells; we have previously observed that removal of the
cell wall is unnecessary for DNA molecules to move out of the
cell by pulsed-field electrophoresis (10). Thus, denaturation of
cell membranes and proteins during the heating steps of the
PCR procedure might be enough to allow access of PCR re-
agents to the yeast DNA.

In sherry, Saccharomyces microorganisms are numerically
superior; therefore, a practical method for early detection of
Dekkera cells contaminating the wine requires specific and
efficient amplification of a few Dekkera cells in samples con-
taining a large number of Saccharomyces cells. To assay the
interference that Saccharomyces cells may cause in the PCR,
we prepared 1-ml suspensions of sterile water containing 10°
Saccharomyces cells and increasing numbers of Dekkera strain
OSB101 cells. Ten-microliter aliquots of these suspensions
were used for a first round of 30 cycles of amplification (with
primers DB1 and DB2), and 1 pl of the amplified product was
used for the nested second-round reaction (with DB3 and
DB4). As shown in Fig. 5a, the presence of a high density of
Saccharomyces cells did not interfere with the specific ampli-
fication of Dekkera DNA from intact cells. Therefore, the
nested PCR assay may be used as an efficient procedure for
detection and identification of Dekkera strains by direct use of
a cell suspension and with no interference from numerically
superior Saccharomyces cells.

Monitoring of sherry. Wine is a chemically complex bever-
age that may also influence the enzymatic amplification of
DNA. A sample of artificially contaminated sherry was pre-
pared for direct PCR testing by the procedure described here.
Ten-microliter aliquots of contaminated wine were directly
used for PCR detection. Contrary to the previously described
results (obtained by using cells suspended in water), only sam-
ples of wine containing more than 10* Dekkera cells per ml
rendered positive nested PCR results. Similar results were
obtained when purified DNA or a plasmid containing the tar-
get DNA was added to the wine, indicating that the sherry
inhibited the PCR. To avoid this inhibitory effect, samples of
contaminated wine were centrifuged, and the pellet was sus-
pended in sterile water. PCRs with these samples showed sen-
sitivity similar to that previously obtained with cells directly
suspended in water. Thus, efficient and sensitive detection of
Dekkera cells in sherry requires previous removal of the wine
by centrifugation of the sample to be tested.

To assay the procedure in a practical case, we selected a
barrel-aging sherry suspected of Dekkera contamination be-
cause of its high acetic acid content. Several 1.5-ml samples
were collected from different locations in the barrel (from the
wine and from the yeast film), the samples were centrifuged,
and the pellet was suspended in 100 pl of sterile water. Ten-
microliter aliquots of the suspension were used in the reaction.
The nested PCR rendered the expected amplified DNA in all
cases, indicating that Dekkera cells were present in the tested
barrel (lanes 1 and 2 in Fig. 5b). Conventional culture methods
verified the presence of the yeast 2 weeks later. Similar results
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FIG. 5. Nested PCR amplification of DNA from intact cells. (a) Ethidium
bromide-stained agarose gel containing the nested PCR-amplified DNA ob-
tained by using the indicated number of intact Dekkera cells mixed with 10°
Saccharomyces flor yeast cells (the C5 strain was used). Samples containing 10°
Saccharomyces cells without Dekkera cells were used as a control (lane C). (b)
Lanes 1 and 2 contained amplified DNA obtained from samples of a spoiled
barrel suspected of contamination with Dekkera organisms. The samples were
obtained from the sherry (lane 1) or from the yeast film (lane 2). Lanes 3 to 6
contained samples obtained from certain nonspoiled barrels either from the wine
(lanes 3 and 5) or from the yeast film (lanes 4 and 6). Samples containing
Saccharomyces flor yeast cells suspended in wine were used as a control (lane C).

were obtained with samples from certain nonspoiled barrels
(lanes 3 to 6 in Fig. 5b) by means of this PCR procedure. The
contaminating yeast was identified in the yeast layer growing
on the surface, as well as in the wine, indicating that in the
early stages of contamination, Dekkera cells may coexist with
flor yeast cells in the surface.

In conclusion, we describe in this report the identification
and genetic characterization of Dekkera yeasts contaminating
sherry. The nested PCR developed in this work is excellently
suited for detection and identification of this contaminating
organism, with no need for isolation and culture. The total
PCR assay can be performed in less than 10 h, simplifying
current monitoring procedures. Nevertheless, sherry seems to
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inhibit the reaction, and efficient DNA amplification requires
removal of the wine by centrifugation of the sample. Intact
cells can be used, which obviates the tedious step of DNA
purification. Thus, the method described here may be a reli-
able procedure for sensitive monitoring of Dekkera-Brettano-
myces strains, which may help to prevent dissemination of
these contaminant microorganisms in sherry and other bever-
ages.
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