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Abstract

A rapid method based on mtDNA restriction analysis is described for yeast strain identification. The method is an
w Ž . xadaptation of that devised by Querol et al. Syst. Appl. Microbiol. 15 1992 439 forSaccharomyces cereÕisiae wine

strains, and consists of the standard miniprep isolation of yeast total DNA, and the use of restriction endonucleases that
recognise a large number of sites in yeast nuclear DNA, but few sites in the mitochondrial DNA. In the adapted method, the
propagation of yeast cells and restriction analysis were the steps mainly affected: cell growth was reduced to 36 h by using
microfuge tubes, and the restriction analysis was carried out in just 33 min using a microwave oven for DNA digestion, and
minigels for restriction fragment separation. The DNA extraction procedure was performed in the same way as in the
original protocol, but slightly reducing the duration of each step and scaling down the volumes of the different solutions,

Ž .enzymes and reagents used. As result, a large time reduction 52.5 h was obtained compared to the original method. The
DNA obtained can be directly digested with endonucleases displaying clear restriction patterns useful forS. cereÕisiae yeast
strain differentiation. In addition, strains belonging to other foodborne yeast species, including spoilage yeast species, can
also be identified.q2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

The development of rapid and simple methods for
yeast strain identification and characterisation is an
essential tool for the food industry. This is obvious
since yeasts are essential in the production of fer-

Žmented foods wine, beer, cider, bakery products,
.cheese and cold meats , and the identification of

individual strains is often required to improve the
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microbiological quality of these foods. Modern food
fermentation practices have included the use of se-
lected yeasts in the form of active dry yeasts. In this
sense, the availability of typing techniques that en-
able differentiation at the strain level is highly inter-
esting for both yeast users and producers, to ensure
that the commercialised dry yeast are identical to the
original selected strains.

Over the years, several methods have been devel-
oped for differentiation of yeast strains; however, the
introduction of molecular methods provided new ap-

Žproaches to industrial yeast differentiation for a
review see Querol and Ramon, 1996; Loureiro and´
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.Querol, 1999 . Among all the molecular techniques
described in literature, mitochondrial DNA restric-
tion analysis appears as one of the most suitable
methods to differentiate between strains. Querol et

Ž .al. 1992 developed a new mitochondrial restriction
analysis method that clearly simplifies the characteri-
zation of Saccharomyces cereÕisiae wine yeast
strains. This mitochondrial analysis method consists
of the standard miniprep isolation of total yeast DNA
and the use of GqC-rich restriction endonucleases,
which recognise a high number of sites in the yeast
nuclear DNA, but few sites in the mitochondrial
DNA. The method is simple and yields results within
3 days work. This technique has successfully been
used by other authors to characterise strains of other

Žyeast species Martınez et al., 1995; Romano et al.,´
.1996; Guillamon et al., 1997 . However, from a´

technological point of view, a considerable reduction
of time should be required for routine control. The
method proposed here was an adaptation of the

Ž .method described by Querol et al. 1992 . The im-
provement affected mainly the duration of the per-
formed steps. The protocol has been developed forS.
cereÕisiae strains, but it can be used, as the previous,
for the identification of strains belonging to other
species.

2. Materials and methods

2.1. Yeast strains and growth conditions

The origin of the Saccharomyces and non-Sac-
charomyces industrial strains used to validate the
method is listed in Table 1. The strain used to
develop the new adapted method was the wine strain

Table 1
Yeast strains analysed in the present work

aSpecies Strain designation Origin
bS. cereÕisiae CECT 1894 wine

S. cereÕisiae P39 bread
S. cereÕisiae CR bread
S. cereÕisiae SK beer
S. cereÕisiae CECT 1833 beer

aCECT, Spanish Type Culture Collection.
bStrain commercialised as T73.

CECT 1894, commercialised as T73. Yeast cells
were isolated by growing overnight in a GPYA plate
Ž Ž .0.5% wrv yeast extract Pronadisa, Madrid, Spain ,

Ž .0.5% wrv peptone Oxoid, Basingstoke, England ,
Ž .4% wrv glucose Panreac, Barcelona, Spain , and

Ž ..2% wrv agar Pronadisa ; the isolated colony was
grown in a 1.5-ml microfuge tube with 1 ml of GPY

Žmedium at pH 5.6 0.5% wrv yeast extract, 0.5%
.wrv peptone, 4% wrv glucose , with shaking

overnight at 288C for the Saccharomyces strains and
at 248C for the non-Saccharomyces strains.

2.2. Extraction conditions

2.2.1. Physical breakdown
Yeast cells were grown in an overnight culture of

5 ml of GPY. Cells were washed with distilled
water, spun down in a centrifuge and resuspended in

Ž .0.5 ml of 50 mM Tris–HCl USB, Cleveland, USA ,
Ž .20 mM EDTA Panreac pH 7.4. At this stage, 0.06

g of 0.5-mm glass beads were added, and cells were
Žhomogenised in a Mini-beadbeater Biospec Prod-

.ucts, Bartlesville, OK, USA . The setting for cell
disruption chosen, 1-min period at high speed, was
used in three tests that differed in the number of run
repetitions: 3, 5 and 10 times. Samples were cooled
on ice for 1 min between runs. After homogenisa-

Žtion, 10 ml of 10% wrv SDS Sigma–Aldrich,
.Steincheim, Germany were added, and the mixture

was incubated at 658C for 30 min. The procedure for
the next steps was identical to that described by

Ž .Querol et al. 1992 .

2.2.2. Enzymatic breakdown
In this case, the method described by Querol et al.

Ž .1992 was followed. Later, an adaptation of this
method was developed. Cells were spun down in a
centrifuge, washed with water and resuspended in

Ž .100 ml of 1 M sorbitol Sigma , 0.1 M EDTA pH
7.5, adding 4ml of 2.5 mgrml Zymolyase 20T
Ž .Seikagaku, Tokyo, Japan or a mixture of 4ml of
2.5 mgrml Zymolyase 20T and 4ml of 1 mgrml of

ŽNovozyme 234 InterSpex Products, Foster City,
.CA, USA , depending on the species analysed. Tubes

were incubated at 378C for 20 min. After centrifuga-
tion for 1 min at 10 000 rpm in a microfuge, sphero-
plasts were resuspended in 100ml of 50 mM Tris–
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HCl, 20 mM EDTA pH 7.4, adding 2.5ml of 10%
wrv SDS, and the mixture was incubated at 658C
for 5 min. Immediately, 40ml of 5 M potassium

Ž .acetate Panreac was added, and the tubes were
placed on ice for 5 min. Then, they were centrifuged
at maximum speed at 48C during 15 min. Super-
natant was transferred to a fresh microfuge tube, and
the DNA was precipitated by adding 1 volume of

Ž .isopropanol Panreac , and after incubation at room
temperature for 5 min, was centrifuged for 10 min.

ŽThe DNA was washed with 70% vrv ethanol Pan-
.reac , vacuum-dried and dissolved in 16ml of TE

Ž .10 mM Tris–HCl, 1 mM EDTA, pH 7.5 .

2.3. Digestion with restriction enzymes

DNA was digested withHinfI and DdeI accord-
Žing to the instructions of the supplier Boehringer,

.Manheim, Germany . When digestions were carried
Žout in a microwave oven Goldstar multiwave MA-

.8915D, England , a mixture of 8ml of DNA, 1 ml of
enzyme, 1ml of buffer and 0.5ml of 500 mgrml

Ž .RNase Boehringer in a 1.5-ml microfuge tube, was
placed inside a water bath. Incubation conditions
consisted in three heating times at maximum level of

Ž .the microwave 1250 W with a duration of 20 s
each, giving a spin between each time.

2.4. Agarose gel electrophoresis

Restriction patterns were separated in horizontal
Ž .0.8% D-1 agarose Pronadisa slab gels poured on

10=15-cm casting platforms or on 6=7.5-cm glass
slides. The electrophoresis was carried out in 1=

ŽTAE buffer 40 mM Tris–acetate, 1 mM EDTA, pH
.8.0 at 100 V. Restriction fragments were visualised

in a UV transilluminator after ethidium bromide
Ž .Sigma staining.

2.5. Dot-blot procedure

ŽNylon hybond-Nq membranes Amersham Phar-
.macia Biotech, Little Chalfont, England were cut to

the appropriated size, placed in a capillary blotter
Ž .Bio-Rad, CA, USA and loaded with 2ml of DNA
solution per sample, previously denatured with 0.4 N

Ž .NaOH Panreac .

Ž .Ribosomal ITS1-5.8S rDNA-ITS2 and mito-
Ž .chondrial COX2 genes were used as probes. Both

genes were labelled using the PCR DIG probe syn-
Ž .thesis kit Boehringer and the pair primers ITS1

Ž X X.5 -TCC GTA GGT GAA CCT GCG G-3 and ITS4
Ž X X .5 -TCC TCC GCT TAT TGA TAT GC-3 , de-

Ž .scribed elsewhere White et al., 1990 for the riboso-
Ž Xmal gene, and the pair primers COX23 5 -ATT TAT

X. Ž XTGT TCR TTT AAT CA-3 and COX25 5 -GGT
X. ŽATT TTA GAA TTA CAT GA-3 Belloch et al.,

.2000 for the mitochondrial gene. Prehybridisation,
hybridisation and washings were performed at 688C
with a non-radioactive procedure using the DIG Nu-

Ž .cleic Acid Detection Kit Boehringer , according to
the manufacturer’s instructions.

3. Results and discussion

3.1. Growth conditions

Usually, yeasts recovered from a commercial dry
form or from grapes, grape juice or wine are plated
in order to isolate a pure colony. The DNA is
purified from a culture in liquid medium, inoculated
with one of these single colonies obtained by plating.
The time required to obtain colonies big enough for
their subsequent growth in liquid medium varies
depending on the species used and on the volume of
medium to be inoculated. ForS. cereÕisiae, an incu-
bation time of 48 h on agar plates has been proposed

Žto inoculate 5 ml of YEPD liquid Querol et al.,
.1992 . For industrial purposes, this time is too long,

especially when a rapid identification of the microor-
ganisms is required. Using theS. cereÕisiae strain
CECT 1894, we attempted the growth in microfuge
tubes with 1.5 ml GPY medium, representing a
volume approximately 3.5 times smaller than that
used in the original protocol. In this way, small
colonies from an overnight culture can be used to
inoculate the liquid medium. The main advantage of
this modification is the possibility of obtaining
enough cell density for a subsequent DNA extraction

Žin less time 24 h instead of 60 h as proposed
.previously . In addition, the use of microfuge tubes

permit the routine analysis of a higher number of
samples in a faster way.
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3.2. DNA extraction procedure

Ž .In the previous method Querol et al., 1992 , the
extraction of total yeast DNA is based on the prepa-
ration of spheroplasts, by enzymatic treatment of
cells and a subsequent lysis of cellular membranes
by osmotic shock. Although this method is very
rapid compared to other methods that required purifi-

Žcation of mitochondria Aigle et al., 1984; Gargouri,
.1989 , we propose here additional simplifications

mainly involving the duration of DNA extraction
steps.

With respect to the first step that involves the
Ž .lysis of yeast cells, Querol et al. 1992 use enzy-

matic digestion with Zymolyase. Nevertheless, a sec-
ond approach consisting of grinding with glass beads
is possible. Different times of homogenisation with
glass beads of the initial material have been tested in

Ž .a Mini-beadbeater see Section 2 . The efficiency of
the extraction was checked by agarose gel elec-

Ž .trophoresis results not shown . In all cases, DNA
was obtained, but the digestion with specific restric-
tion enzymes was not effective, and a smear was

Ž .visualised results not shown . This smear probably
corresponded to overdigested nuclear DNA devoid
of mtDNA, or to degraded mtDNA as result of the
manipulation with glass beads. Such hyphotheses
were tested by hybridisation of total DNA, obtained
after disruption of yeast cells with glass beads, with
ribosomal DNA and mitochondrial gene probes us-
ing a dot-blot procedure described in Section 2. In a
parallel way, another hybridisation experiment was
carried out with the DNA obtained before and after
treating with Zymolyase and SDS, as described by

Ž .Querol et al. 1992 , and the same DNA probes. The
results of both hybridisation experiments are shown
in Fig. 1. From the hybridisation with the ribosomal

Ž .probe ITS1-5.8S rDNA-ITS2 , we deduced that nu-
clear DNA is obtained with both physical and enzy-
matic methods. On the contrary, the mitochondrial

Ž .probe COX2 gene gave a clear positive signal only
after enzymatic treatment, indicating a lack of mito-
chondrial DNA in the shaking treatment.

Consequently, the enzymatic treatment with Zy-
molyase to obtain spheroplasts was recommended
for yeast mtDNA extraction and its subsequent di-
gestion. The disadvantage of enzymatic spheroplast-
ing of cells is that it involves prolonged incubation

Fig. 1. Hybridization of DNA samples with a nuclear probe
Ž . Ž .ITS1-5.8S rDNA-ITS2 and a mitochondrial probe COX2 by

Ž .dot-blot procedure. A DNA obtained after spheroplasts forma-
Ž .tion by enzymatic lysis with Zymolyase; B DNA obtained after

spheroplasts formation by physical breaking. DNA samples were
recovered from different steps through the extraction procedure

Ž .for both enzymatic and physical lysis: 1 samples obtained after
Ž .spheroplasts formation; 2 samples obtained after SDS incuba-

Ž .tion; 3 samples obtained after isopropanol precipitation.

times, 30–60 min at 378C according to Querol et al.
Ž .1992 . Assays with Zymolyase for different decreas-
ing incubation times were tested, following sphero-
plasts formation with a light microscope. The results
showed that an incubation time of 20 min at 378C
gave the same yield of spheroplasts formation inS.
cereÕisiae, as that for a period of 30–60 min.

The next step comprised in the procedure de-
Ž .scribed by Querol et al. 1992 consists of the release

of total cellular DNA from spheroplasts and forma-
tion of complexes with the proteins present in the
extract by the addition of SDS, in a final concentra-

Ž . Žtion of 1% wrv , to the lysis solution 50 mM
.Tris–HCl, 20 mM EDTA pH 7.4 , and then incuba-

tion at 658C for 30 min. Different incubation times
Ž .0, 5, 10, 20 and 30 min were tested, and the DNA
obtained in each case was digested withHinfI and
the restriction fragments were visualised by agarose
electrophoresis. As shown in Fig. 2A, the minimal

Ž .incubation time with 1% wrv SDS, which yielded
an adequate amount of DNA, was 5 min. On the
other hand, the SDS should be removed as much as
possible before DNA digestion, because the enzyme
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Ž .Fig. 2. Agarose gel electrophoresis ofHinfI-digested mtDNA, prepared using several DNA extraction conditions. A Extraction with SDS
Ž . Ž .performed for 0, 5, 10, 20 and 30 min. Three concentrations of SDS 0.25%, 0.50% and 1% were tested. B SDS and protein

precitipitation with KAc performed for 0, 5, 10, 20 and 30 min. Lane m corresponds to lambda DNA digested, withEcoRI and HindIII
used as size markers.

activity may be inhibited by the presence of this
detergent. For this reason, two additional final con-

Ž .centrations of SDS 0.25% and 0.5% wrv have also
been checked. From this test, we established that the
minimum SDS concentration that can be used was

Ž .0.25% wrv Fig. 2A , four times less than in the
original procedure.

To precipitate the protein–SDS complexes, high
concentrations of 5 M potassium acetate are usually
added, and the mixture is incubated at 48C for 30

Žmin. Different times of incubation were tested 0, 5,
.10, 20 and 30 min . The results, presented in Fig.

2B, showed that an incubation time of 5 min was
long enough to yield a DNA free off proteins and
SDS, easily digested with restriction enzymes.

Finally, the volumes of the different solutions,
enzymes and reagents used were scaled down, in
order to adapt the protocol to the small volume of

Ž . Ž .the initial liquid culture 1.5 ml see Section 2 .

3.3. DNA restriction with endonucleases

The restriction step can be done by incubation for
an average of 2 h, at the temperature recommended

Ž .by the supplier Querol et al., 1992 . Nevertheless, to
obtain perfectly resolved mtDNA restriction patterns,
at least 12 h of endonuclease digestion are recom-
mended. In Section 2, an alternative method to digest

DNA using a microwave is described. Both methods
displayed the same results, as can be seen in Fig. 3,

Žfor two different restriction enzymesDdeI and
.HinfI . The great advantage is the reduction of time,

since 3 min is enough to yield a total restriction of
the DNA.

3.4. Agarose gel electrophoresis

Traditionally, DNA fragments obtained after en-
donuclease restriction are separated by agarose gel
electrophoresis. Standard agarose gels are poured,
between 0.5- and 1-cm-thick, into gel casting plat-
forms commercially available, and migrated between
2 and 3 h. This method was used in Sections 3.1–3.3
of this section. As an alternative, to reduce the total
time protocol, we have used miniature agarose gels
as described in Section 2.

3.5. Time considerations

The modified method required only 24 h for cell
growth, 60 min for the DNA extraction and precipi-
tation, 3 min for the endonuclease digestion of the
DNAs, and 30 min for the electrophoretic resolution
of the restriction fragments. That means a consider-
able reduction of time when compared to the original

Ž .protocol Querol et al., 1992 , approximately 25.5 h
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for the modified method and 77.5 h for the original
one.

3.6. Application of the modified method

We applied the modified method to the differenti-
ation of severalS. cereÕisiae strains because of its
great interest from an industrial point of view. Three
of the strains under analysis were typical of alcoholic

Ž .beverages like beer SK and CECT 1833 and wine
Ž .Uvaferm 71B . The other two strains were commer-

Ž .cial strains used as starters for baking P39 and CR .
As we can see in Fig. 4, the amount and the quality
of the DNA obtained for each strain was enough to
get clear restriction patterns after digestion with

Fig. 3. Comparison of restriction patterns obtained with the origi-
Ž . Ž .nal method lanes 1 and the adapted method lanes 2 , when

DNA of the strain S. cereÕisiae CECT 1894 were digested with
HinfI or DdeI. Lane m corresponds to lambda DNA digested,
with Pst I used as size markers.

Fig. 4. Application of the new adapted method of mtDNA restric-
tion analysis with HinfI to S. cereÕisiae strains. Lane 1, SK
Ž . Ž .brewer yeast ; lane 2, CECT 1833 brewer yeast ; lane 3, P39
Ž . Ž .baker yeast ; lane 4, CR baker yeast ; lane 5, Uvaferm 71B
Ž .wine yeast . Lane m corresponds to lambda DNA digested, with
Pst I used as size markers.

HinfI. In addition, the method has been applied
successfully for the identification of yeasts from the
generaDebaryomyces, KluyÕeromyces, Torulaspora
and Zygosaccharomyces, which are present in foods
and frequently involved in spoilage processes. The
only factor that affected the yield of DNA recovered
was the efficiency of spheroplasts formation, proba-
bly due to the differences in the characteristics of the
cell wall of these species.

The method proposed here is an adaptation of the
Ž .method previously devised by Querol et al. 1992

for S. cereÕisiae wine yeasts. The time necessary for
having clear results with the proposed modified and

Ž .simplified method is very short 25.5 h , and allows
the food industries effective interventions or correc-
tions. Another advantage for the industry is that the
cost of the reagents can be kept to a minimum
following the adapted method.
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