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Characterization of Saccharomyces cerevisiae strains from
spontaneously fermented maize dough by profiles of
assimilation, chromosome polymorphism, PCR and MAL
genotyping

A.E. Hayford 1 and L. Jespersen 2

1Food Research Institute, CSIR, PO Box M20, Accra, Ghana, and 2The Royal Veterinary and Agricultural University,
Department of Dairy and Food Science, Frederiksberg, Copenhagen, Denmark

6787/07/98: received 1 July 1998, revised 11 September 1998 and accepted 21 September 1998

A.E. HAYFORD AND L. JESPERSEN. 1999. Several isolates of Saccharomyces cerevisiae from
indigenous spontaneously fermented maize dough have been characterized with the purpose
of selecting appropriate starter cultures and methods for their subspecies typing. The
techniques applied included assimilation of carbon compounds by the API ID 32 C kit,
determination of chromosome profiles by PFGE, PCR and MAL genotyping. For the 48
isolates investigated, use of the API ID 32 C kit resulted in eight different assimilation
profiles. The most common assimilation profile was the ability of 50% of the isolates to
assimilate galactose, saccharose, DL-lactate, raffinose, maltose and glucose. Both chromosome
and PCR profiles could be used for subspecies typing of the isolates and on this basis, the
isolates were grouped into clusters. The discriminative power of the two techniques was
equal; a few isolates not separated by their chromosome profiles could be separated by their
PCR profiles and vice versa. Four different MAL genotypes were observed with MAL11 and
MAL31 predominating. MAL11 was seen for all isolates whereas no evidence of MAL21 and
MAL41 was observed. Based on the results obtained, a high number of Saccharomyces
cerevisiae isolates were found to be involved throughout the spontaneous fermentation of
maize dough. All methods included appeared to be suitable for subspecies typing. However,
the discriminative power was highest for the PFGE and PCR techniques.

INTRODUCTION

Indigenous fermented foods contribute to a large proportion
of the daily food intake in several countries in West Africa.
However, despite their importance, they are still produced
traditionally by spontaneous fermentation and only limited
knowledge has been obtained regarding the microflora of
these products (Halm et al. 1993; Obiri-Danso 1994). Fer-
mented maize dough is used in Ghana for the production of
‘Kenkey’ and other similar products. The microbiology of
these fermented maize products has recently been inves-
tigated and has revealed a complex microflora leading to the
selection of a more defined flora comprising Lactobacillus
fermentum, Saccharomyces cerevisiae and Candida krusei
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(Nyako and Obiri-Danso 1991; Halm et al. 1993; Obiri-Danso
1994; Olsen et al. 1995). An increase in yeast numbers during
maize dough fermentation has been demonstrated and pre-
vious studies have indicated that several strains are involved
in the fermentation (Jespersen et al. 1994). In order to control
these fermentations by means of starter cultures, it is impor-
tant to know the exact composition of the microflora and be
able to characterize it at a subspecies level.

Traditionally, yeasts are identified using morphological
and physiological criteria which are both laborious and time
consuming. Also, the conventional methods are often unable
to discriminate at a subspecies level and provide doubtful
identifications which limit their applications (Casey et al.
1990; Querol et al. 1992). This has encouraged the use of
molecular techniques. Among such techniques are deter-
mination of chromosome length polymorphism by pulsed
field gel electrophoresis (PFGE), orthogonal-field-alternation
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gel electrophoresis (OFAGE) or clamped homogenous elec-
tric field gel electrophoresis (CHEF) (Schwartz and Cantor
1984; Takata et al. 1989; Oakley-Gutowski et al. 1992; Török
et al. 1993), determination of amplification products by PCR
or RAPD (Williams et al. 1990; Lavallée et al. 1994; Baleiras
Couto et al. 1996), restriction fragment length polymorphism
(RFLP) (Pedersen 1986) and determination of mitochondrial
DNA restriction patterns (Vezinhet et al. 1990). The PFGE
technique appears to be one of the most reliable methods
currently used for Saccharomyces subspecies typing (Degré
et al. 1989; Vezinhet et al. 1990; Frezier and Dubourdieu
1992; Tornai-Lehoczki and Dlauchy 1996). For the PCR
technique, primers with sequence homology to the 5? termini
of the delta elements flanking the Ty transposon have been
used for typing S. cerevisiae strains (Bidenne et al. 1992;
Ness et al. 1993; Gainvors et al. 1994; Lavallée et al. 1994).
However, most isolates investigated have been brewing and
wine yeasts (Casey et al. 1990; Bidenne et al. 1992; Oakley-
Gutowski et al. 1992; Lavallée et al. 1994; Pedersen 1994;
Schofield et al. 1995) and little is known about the correlation
between the results obtained by the two techniques.

During maize dough fermentation, maltose is the most
abundant fermentable carbohydrate and therefore, maltose
utilization is an important technological character of these
strains. The genes involved in maltose utilization have been
well characterized for laboratory strains of S. cerevisiae where
a locus consisting of three genes encoding a maltose-specific
transporter, an a–glucosidase and an activator of transcription
has been shown to be responsible for the utilization of maltose
(Chang et al. 1989; Charron et al. 1989). Laboratory strains
have been shown to carry various homologues of the MAL
locus. In total, five loci have been mapped to separate chro-
mosomes as follows: MAL1 to chromosome VII (1091 kbp),
MAL2 to chromosome III (315 kbp), MAL3 to chromosome
II (813 kbp), MAL4 to chromosome XI (666 kbp) and MAL6
to chromosome VIII (563 kbp) (Charron et al. 1989; Feuer-
mann et al. 1995). Any one of the five highly sequence hom-
ologous MAL loci is sufficient to ferment maltose. However,
the importance of additional homologues does not appear to
be known. Although extensive knowledge has been obtained
regarding the presence of MAL genes in laboratory strains,
very little is known about the occurrence of these genes in
polyploid or aneuploid industrial starter cultures and natural
isolated strains (Naumov et al. 1994; Oda and Tonomura
1996). The location of MAL loci in strains of S. cerevisiae
could be of both technological and taxonomic importance.

The objective of the present work was to reveal the
diversity among isolates of S. cerevisiae collected during
spontaneous fermentation of maize dough, and to evaluate
the discriminative power of the methods applied. The
isolates were characterized by assimilation of carbon com-
pounds, chromosome polymorphism, PCR and MAL geno-
typing.
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MATERIALS AND METHODS

Sampling and identification of isolates

Samples of spontaneously fermented maize dough were col-
lected from a major commercial production site in Accra,
Ghana on three separate occasions over a period of 4 years.
The samples were taken before and after renovation of the
production site, including implementation of steeping and
fermentation vessels which could be cleaned and disinfected.
Each time, samples of 500–1000 g were taken. Surface layers
on the maize dough were removed before sampling. Micro-
biological analyses were performed within 2 h of sampling.

From all samples, 10 g were homogenized in 90ml sterile
diluent (0·1% peptone, 0·8% NaCl, pH 7·2) using a sto-
macher (Lab Blender, Model 4001, Seward Medical, London,
UK) for 30 s. From appropriate 10-fold dilutions, yeasts were
enumerated on Malt Agar (MA, Merck), with the addition
of (l−1) 100mg chloramphenicol (Chloramphenicol Selective
Supplement, Oxoid) and 50mg tetracycline (Sigma), incu-
bated at 25 °C for 7 d. Isolates which appeared to be Sac-
charomyces cerevisiae, based on their macromorphological
characteristics, were selected for further examinations, re-
cultivated on MA without antibiotics and then identified by
the phenotypic methods according to Kreger van-Rij (1984)
involving fermentation of carbohydrates (maltose included),
reduction of nitrate, and micro- and macromorphological
characterization. The identifications were further confirmed
by use of the API ID 32 C kit (BioMerieux SA, Marcy-
L’Etoile, France) according to the manufacturer’s instruc-
tions. The strips were inoculated with a 72-h-old culture pre-
grown at 25 °C on MA.

Forty-eight representative isolates, all identified as S. cere-
visiae, were selected for further characterization. Isolates nos
I1, V4, 148, 149, 150, 152, 153, 154, 157, 159, 163, 165, 166
and 167 were taken from samples fermented for 24 h; N4,
120, 123, 127, 128, 134, 135, 136, 137, 139, 141, 142, 143,
144 and 146 were taken from samples fermented for 48 h; and
17-A3–5, 25–1-3, 26–1-0, 26–1-5, 26–1-6, 26–1-7, 26–1-8,
26–1-9, 26–1-10, 26–1-11, 26–1-e, 30, 31, 34, 36, 37, 38, 42
and 46 were taken from samples fermented for 72 h. The
cultures were maintained on Yeast Peptone Glucose (YPG)
slants at 4 °C and re-cultivated each third month.

Chromosome length polymorphism (CLP)

Yeast cultures were grown in YPG broth containing (l−1

distilled water) 10 g yeast extract (Difco), 20 g bactopeptone
(Difco) and 40 g glucose (Merck), pH 5·6, at 25 °C for 48 h,
and then successively re-cultivated twice for 24 h. The yeast
cells were harvested by centrifugation at 3000 g for 5min and
washed with 8ml buffer C (1·2mol l−1 sorbitol (Sigma),
10mmol l−1 Tris-HCl (Sigma), 10mmol l−1 CaCl2 (Sigma)).
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The yeasts were then treated with 200ml of 5mg ml−1 zym-
olyase solution (Seikaguru Corporation, Japan) in 50% buffer
C and 50% glycerol (Sigma) 6ml−1 yeast suspension for 1 h
at 37 °C to digest the cell wall. A 1 ml sample of spheroplast
suspension (5× 108 ml−1) was mixed with 1ml 1·5% (w/v)
LMP agarose (Sigma) and 10·3% (w/v) saccharose (Sigma)
in TES buffer, 10mmol l−1 Tris-HCl, 10mmol l−1 NaCl
(Sigma) and 1mmol l−1 EDTA (Sigma) to form blocks.
The blocks were treated with a protease solution (5mg ml−1

pronase E (Sigma), 1% (w/v) N-laurylsarcosine (Sigma) and
500mmol l−1 EDTA)) at 45 °C overnight. Then the protease
solution was removed and the blocks were washed twice with
TE buffer (10mmol l−1 Tris-HCl and 1mmol l−1 EDTA) at
50 °C for 1 h. The blocks were transferred to a 1·2% (w/v)
NA-agarose (Pharmacia LKB Biotechnology AB, Uppsala,
Sweden) gel. The PFGE was performed with Electrophoresis
Power Supply – EPS3500, GN Controller and Genenavigator
(all Pharmacia) at 10 °C using TBE buffer (45mmol l−1 Tris-
base (Sigma), 44mmol l−1 boric acid (Sigma), 1mmol l−1

EDTA)) under the following conditions: 100–120 mA; 165V;
pulse: 90 s for 14 h, 105 s for 12 h and 120 s for 14 h. Yeast
DNA markers (Pharmacia) were used for determination of
chromosome size. Finally, the gel was stained with 1mg l−1

ethidium bromide (Sigma) in TBE buffer for 1 h and rinsed
twice with milliQ water for 5min. The gels were then vis-
ualized with a u.v. transilluminator (Pharmacia) and photo-
graphed with a land camera (Polariod MPE, Cambridge, MA,
USA). The profiles (band patterns) were scanned and data
collected by use of the GelScan XL 2400 program (Phar-
macia), normalized, and further processed by use of Gel-
compar 4·0 Software (Applied Maths, Kortrijk, Belgium)
which was also used for generation of the cluster analyses
based on the Pearson product moment correlation coefficient
(r) and the unweighted pair group algorithm with arithmetic
averages (UPMGA).

PCR amplification

The yeast cultures were grown at 25 °C for 72 h on MYGP
agar containing (l−1 distilled water): 3·0 g malt extract (Difco),
3·0 g yeast extract (Difco), 10·0 g glucose (Merck), 5·0 g
bactopeptone (Difco) and 15 g agar (Difco), pH 5·6. From
the plate, a yeast suspension containing approximately 108

cells ml−1 sterile milliQ water was made. Denaturation was
performed on 100ml yeast suspension at 95 °C for 10min and
thereafter cooled to 4 °C. The supernatant fluid was used
as the source of template for the PCR reaction which was
performed as a modified version of the method described by
Gainvors et al. (1994). The primers used were oligonucleotide
homologues of the 5? termini of the delta elements of the Ty
transposon with the sequences 5?CAAAATTCACCTATA/
TTCTCA3? and 5?GTGGATTTTTATTCCAACA3?. The
reaction was performed on a 50 ml reaction volume containing
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2·5ml supernatant fluid, 2·5 units Taq polymerase (Promega),
5ml buffer (Promega), 25mmol l−1 MgCl2 (Promega),
200mmol l−1 of each deoxynucleotide (Promega) and 1mmol
l−1 of each primer. Amplification was carried out in a Thermal
Cycler (Gene amp PCR system 2400, Perkin Elmer, USA)
according to the following protocol: 95 °C for 5min, 4 cycles
of 95 °C for 30 s, 42 °C for 30 s, 72 °C for 2min, followed by
30 cycles of 95 °C for 30 s, 45 °C for 30 s, 72 °C for 2min
and termination at 72 °C for 7min, whereafter the reaction
product was cooled to 4 °C. Of the amplification product,
20ml were applied to a submerged horizontal 3% NuSieve
agarose (Medinova, Denmark) gel and the PCR products
separated by electrophoresis at ambient temperature for 1·5 h
at 150V and 300 mA; X 174/Hae III (Promega) was used as
marker. The gel was stained with 1mg l−1 ethidium bromide
(Sigma) milliQ water for 20min and rinsed twice in milliQ
water for 2min. The gels were then scanned and processed
as described for the PFGE gels.

Detection of MAL genes

The chromosomes separated by PFGE were transferred to a
positively charged nylon membrane (Boehringer Mannheim,
Mannheim, Germany) by chromosomal blotting using a
VacuGene XL blotting unit and a Vacugene XL vacuum
blotting pump (Pharmacia). The blotting was performed,
according to the supplier’s manual, i.e., de-purination
(0·25mol l−1 HCl (Merck)) for 30min, denaturation (1·5
mol l−1 NaCl (Sigma), 0·5mol l−1 NaOH (Merck)) for
30min, neutralization (1·0mol l−1 Tris-base (Sigma), 1·5
mol l−1 NaCl, pH 7·5) for 30min and transfer (20×SSC,
3·0mol l−1 NaCl (Sigma), 300mmol l−1 trisodium citrate
(Merck)) for 60min. The nylon membrane was cross-linked
by a Hoefer UVC500 ultraviolet crosslinker (Pharmacia) at
1·2× 105 mJ/cm2 for 20 s. A 780 bp probe was amplified
from the coding region of MAL61. Due to the extensive
homology between the various MAL loci, this probe was
used for detection of all MAL loci. The hybridization was
performed by immersing the nylon membrane in 5×SSC
with 0·1% (w/v) N-laurylsarcosine (Sigma), 0·02% (w/v)
SDS (Pharmacia) and 2% (w/v) blocking reagent (Boehr-
inger Mannheim) added for 1 h at 67 °C in a hybridization
oven. The denatured probe was added and the blot incubated
at 67 °C overnight, after which the hybridization solution was
removed. The membrane was washed twice for 5min at room
temperature with 2×SSC (with 0·1% (w/v) SDS added),
and washed twice for 15min at 67 °C with 0·1×SSC (0·1%
(w/v) SDS added). The probes were labelled with digoxi-
genin-11-dUTP (Boehringer Mannheim) as directed by the
manufacturer; they were visualized using antidigoxigenin-AP
(Boehringer Mannheim) and chemiluminescent detection by
the addition of CSPD (Boehringer Mannheim). The filters
were exposed to X-ray film (Kodak BioMax MR) for about
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Fig. 1 Chromosome profiles determined by pulsed field gel electrophoresis (PFGE) of Saccharomyces cerevisiae isolates from
spontaneously fermented maize dough. Lanes 1, 6 and 11: marker; lane 2: 127; lane 3: 139; lane 4: 149; lane 5: 150; lane 7: 154;
lane 8: 165; lane 9: 166; lane 10: 167

2·5 h. Marker genes were used for detection of specific chro-
mosomes. LYS2 (YBR115C) was used for chromosome II,
SER2 (YGR208W) for chromosome VII and ARG4
(YHR018C) for chromosome VIII. Probes for these genes
were amplified from genomic DNA, laboratory strain 1403–
7A (Yeast Genetic Stock Culture Center, Berkeley, CA,
USA).

RESULTS

Assimilation and fermentation profiles

The assimilation profiles for the 48 selected isolates of Sac-
charomyces cerevisiae are shown in Table 1. All isolates were
able to utilize galactose, saccharose, raffinose and glucose,
98% of the isolates could utilize maltose, 83% DL-lactate and
40% melibiose. A limited number of isolates was able to
assimilate a few of the other carbon sources investigated. In
total, eight different assimilation profiles were obtained. The
most common profile was seen for 24 (50%) of the isolates,
which were able to assimilate galactose, saccharose, DL-
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lactate, raffinose, maltose and glucose. For 11 (23%) of the
isolates, the above-mentioned profile, including melibiose,
was obtained and for six isolates (13%); the profile included
melibiose but not DL-lactate. Two of the isolates (4%) were
able to assimilate galactose, saccharose, raffinose, maltose
and glucose, and two isolates (4%) were able to assimilate
galactose, saccharose, DL-lactate, raffinose, maltose, trehal-
ose, melibiose and glucose. The remaining isolates had indi-
vidual assimilation profiles. No correlation was obtained
between the assimilation profiles and the time of sampling,
or between the period or stage of fermentation.

All isolates able to assimilate maltose were also capable of
maltose fermentation. The only isolate unable to utilize malt-
ose was isolate no. V4.

Chromosome polymorphism

All chromosome profiles were typical of Saccharomyces cere-
visiae, with chromosomes ranging from approximately 200–
1900 kbp. Chromosome polymorphism was evident and
included both the size of the chromosomes and the number
of bands observed. Most of the isolates investigated had
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Table 1 Assimilation profiles of
Saccharomyces cerevisiae
isolates from spontaneously
fermented maize dough

—–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Assimilation profiles*
—––––––––––––––––––––––––––––––––––––––––––

Carbon compound A B C D E F G H Total (%)
—–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Galactose ¦ ¦ ¦ ¦ ¦ ¦ ¦ ¦ 100
Actidione − − − − − − − − 0
Saccharose ¦ ¦ ¦ ¦ ¦ ¦ ¦ ¦ 100
N-acetyl-glucosamine − − − − − − − ¦ 2
DL-lactate ¦ ¦ − − ¦ ¦ ¦ ¦ 83
L-arabinose − − − − − − − − 0
Cellobiose − − − − − − − − 0
Raffinose ¦ ¦ ¦ ¦ ¦ ¦ ¦ ¦ 100
Maltose ¦ ¦ ¦ ¦ ¦ − ¦ ¦ 98
Trehalose − − − − ¦ − − − 4
2-Keto-gluconate − − − − − − − − 0
a-Methyl-D-glucoside − − − − − − − − 0
Mannitol − − − − − − − − 0
Lactose − − − − − − − − 0
Inositol − − − − − − − − 0
Sorbitol − − − − − − − − 0
D-xylose − − − − − − − − 0
Ribose − − − − − − − − 0
Glycerol − − − − − − − − 0
Rhamnose − − − − − − − − 0
Palatinose − − − − − − − − 0
Erythritol − − − − − − − − 0
Melibiose − ¦ ¦ − ¦ − − − 40
Glucuronate − − − − − − − − 0
Melezitose − − − − − − − − 0
Gluconate − − − − − − − − 0
Levulinate − − − − − − − − 0
Glucose ¦ ¦ ¦ ¦ ¦ ¦ ¦ ¦ 100
Sorbose − − − − − − ¦ − 2
Glucosamine − − − − − − − − 0
Esculin − − − − − − − − 0
—–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

*A: 26-1-0, 26-1-5, 26-1-6, 26-1-7, 26-1-8, 26-1-9, 26-1-11, 26-1-e, N4. 30, 31, 37, 42,
135, 136, 137, 139, 141, 142, 143, 144, 157, 163, 167 (50·0% of the isolates); B: 17-A3-5, 25-
1-3, 26-1-10, 11, 46, 123, 134, 149, 150, 154, 166 (22·9% of the isolates); C: 34, 120,
127, 128, 153, 165 (12·4% of the isolates); D: 36, 38 (4·2% of the isolates); E: 146, 148 (4·2%
of the isolates); F: V4 (2·1% of the isolates); G: 152 (2·1% of the isolates); H: 159 (2·1%
of the isolates).

individual profiles, although some profiles were closely
related. Figure 1 shows an example of the chromosome pro-
files for eight representative isolates.

From cluster analysis of the chromosome profiles, several
clusters were obtained as shown in Fig. 2. The majority of
the isolates belonged to one major group which was divided
into five clusters (b, c, d, e and f). This major group emerged
at more than 70% similarity with clusters a, g and h, together
comprising more than 80% of the isolates. The remaining
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isolates were divided into cluster i comprising 2% of the
isolates (isolate no. N4) and cluster j comprising about 17%
of the isolates. The similarity between these clusters and the
others was less than 50%. Within some of the clusters, some
isolates had very similar chromosome profiles, i.e. clustered
at the 95% level (Fig. 2).

The different clusters comprised isolates from various
stages of fermentation. However, all isolates obtained before
renovation of the production site belonged to clusters b, c
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Fig. 2 Dendrogram showing the clustering of 48 Saccharomyces cerevisiae isolates based on their chromosome profiles evaluated using
the Pearson product moment correlation coefficient (r) and the unweighted pair group algorithm with arithmetic averages (UPMGA)

and f from the major group. All isolates which had similar
chromosome profiles (i.e. clustered at the 95% level) had the
same assimilation profile except for isolates nos 146 and 149
which differed in their ability to assimilate trehalose.

PCR profiles

The primers used in the PCR analysis generated several
different profiles. Both the number and the size of the ampli-
fication products varied. The size of the amplification prod-
ucts ranged from less than 72 to approximately 900 bp. The
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diversity among the isolates was evident even though some
of the isolates had similar profiles. In Fig. 3, the PCR profiles
after amplification of DNA from 12 representative isolates
are shown as an example.

The PCR profiles of the 48 isolates were clustered as shown
in Fig. 4. Basically, the PCR profiles could be grouped into
three major clusters emerging at a similarity of about 20%.
The three major clusters represented 58, 38 and 4% of the
isolates, respectively. With more than 50% similarity, these
three clusters could again be divided into six (A, B, C, D, E
and F), three (G, H and I) and two (J and K) subclusters.
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Fig. 3 PCR profiles of Saccharomyces cerevisiae isolates from fermented maize dough. Lanes 1 and 15: marker; lane 2: 20–8-4; lane 3:
26–1-e; lane 4: 26–1-0; lane 5: 26–1-10; lane 6: 26–1-9; lane 7: 26–1-8; lane 8: 26–1-11; lane 9: 26–1-3; lane 10: 26–1-6; lane 11:
26–1-5; lane 12: 26–1-7; lane 13: 17 A3–5; lane 14: blank

Within some of the subclusters, some isolates had very similar
PCR profiles, i.e. clustered at the 90% level (Fig. 4).

No correlation was found between PCR profiles and time
of sampling, or between the period or stage of fermentation
(results not shown). In general, no correlation was found
between the assimilation patterns and the PCR profiles.

Some isolates which were not separated by their chro-
mosome profiles, such as isolates nos 146 and 149, could be
separated by their PCR profiles (Fig. 4) and vice versa, as seen
for example in isolates 46 and 123 (Fig. 2). Other isolates
clustered together in both their chromosome profiles and
their PCR profiles, such as in isolates 135 and 136, 26–1-6,
26–1-8 and 26–1-9, and 143 and 146. The remaining isolates
did not show significant correlation in their chromosome and
PCR profiles.

MAL genotyping

An example of a blot obtained after hybridization with the
MAL61 probe is shown in Fig. 5 for isolates with various
MAL genotypes. The MAL loci were verified both by chro-
mosome size and use of chromosome specific probes. Veri-
fication using chromosome-specific probes is illustrated for
four different isolates in Fig. 6.

As shown in Table 2, four different genotypes were found
in the S. cerevisiae isolates investigated. The predominant
combination was MAL11 and MAL31. This genotype was
found for 58% of the isolates. MAL11 and MAL61 was found
for 23% of the isolates, MAL11, MAL31 and MAL61 for
15% and MAL11 for 4%. No evidence of MAL21 or MAL41
was seen whereas MAL11 was present in all isolates inves-
tigated. For three of the isolates investigated (120, 142 and
148), the MAL61 probe hybridized to a position of about 950
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kbp, which was neither chromosome XIII (924 kbp) nor
chromosome XVI (948 kbp) when hybridized with specific
probes for these two chromosomes (results not shown).

Isolates which were similar in their PFGE profiles (i.e.
clustered at the 95% level) or in their PCR profiles (i.e.
clustered at the 90% level) had the same MAL genotype, as
can be seen by comparing the results in Fig. 2, Fig. 4 and
Table 2.

DISCUSSION

The API system could be used for identification of the isolates
to the species level and for phenotyping. Not surprisingly,
most of the isolates had the same assimilation pattern even
though some variations were obtained. The results are in
agreement with Querol et al. (1992) who found that simple
biochemical tests do not provide sufficient evidence to dis-
tinguish between wine strains of S. cerevisiae. The ability
of the isolates to assimilate sucrose, glucose, galactose and
raffinose confirmed the observations made by Obiri-Danso
(1994) on similar studies with maize dough. The ability of
the isolates to ferment maltose and their inability for starch
fermentation were, overall, as expected.

Chromosome length polymorphism (CLP) was evident and
confirms that a large number of strains are involved in the
spontaneous fermentation of maize dough, as observed in
previous investigations (Jespersen et al. 1994). The CLP may
be attributed to deletions, insertions and translocation of
DNA fragments long enough to be detectable by elec-
trophoresis, i.e. −10 kbp (Mortimer et al. 1990; Querol et al.
1992). The PFGE method could be used for both species
and subspecies typing, and its reliability in differentiation of
strains of S. cerevisiae is in agreement with the observations
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Fig. 4 Dendrogram showing the clustering of 48 Saccharomyces cerevisiae isolates based on their PCR profiles evaluated using the
Pearson product moment correlation coefficient (r) and the unweighted pair group algorithm with arithmetic averages (UPMGA)

made by several other authors (Degré et al. 1989; Mortimer
et al. 1990; Vezinhet et al. 1990; Querol et al. 1991; Bidenne
et al. 1992; Frezier and Duboudieu 1992; Gainvors et al. 1994;
Tornai-Lehoczki and Dlauchy 1996).

The results obtained by the PCR technique confirmed that
both the number and the position of the Ty transposon varies
within strains of S. cerevisiae as reported earlier by Ness et al.
(1993), Gainvors et al. (1994) and Lavallée et al. (1994). The
PCR method was found to be capable of both species and
subspecies typing, as was the PFGE method. The profiles
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obtained by the PCR technique were more diverse than the
profiles obtained by PFGE. However, the discriminatory
power of the two methods appeared to be equal. The PCR
method as compared with the PFGE was rapid and less
laborious.

The majority of the isolates investigated could be separated
by either their PFGE or PCR profiles. The isolates which
could not be separated by these two techniques do, however,
belong to the same maize dough sample and are likely to be
the same strain picked more than once during the isolation.
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Fig. 5 Chromosome blot of isolates of
Saccharomyces cerevisiae hybridized with a
DIG-labelled MAL61 probe. Lanes 1, 6
and 12: marker; lane 2: 36 (MAL11); lane 3:
38 (MAL11, MAL61); lane 4: 42 (MAL11,
MAL31, MAL61); lane 5: 135 (MAL11,
MAL61); lane 7: 139 (MAL11,MAL61);
lane 8: 141 (MAL11, MAL31, MAL61); lane
9: 154 (MAL11, MAL31); lane 10: 157
(MAL11, MAL61); lane 11: 150
(MAL11, MAL31)

Fig. 6 Chromosomal blot of four isolates of Saccharomyces
cerevisiae with various MAL genotypes. (a) Chromosomes
hybridized with a DIG-labelled MAL61 probe. Lane 1: marker;
lane 2: 36 (MAL11); lane 3: 150 (MAL11, MAL31); lane 4:
157 (MAL11, MAL61); lane 5: 141 (MAL11, MAL31, MAL61).
(b) Chromosomes hybridized with a mixture of DIG-labelled
chromosome specific probes. LYS2 (YBR115C) was used for
chromosome II (MAL31), SER2 (YGR208 W) for chromosome VII
(MAL11) and ARG4 (YHR018C) for chromosome VIII
(MAL61). Lanes as in (a)
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Table 2 The occurrence of MAL loci in Saccharomyces cerevisiae
isolates from spontaneously fermented maize dough
—–––––––––––––––––––––––––––––––––––––––––––––––––––––

Isolates Genotype
—–––––––––––––––––––––––––––––––––––––––––––––––––––––
V4, 36 MAL11

17-A3-5, 25-1-3, 26-1-6, 26-1-7, MAL11, MAL31
26-1-8, 26-1-9, 26-1-10, 26-1-11,
26-1-e, I1, 34, 46, 120*, 123, 127, 128,
134, 143, 146, 148*, 149, 150, 152, 153,
154, 165, 166, 167

N4, 31, 38, 135, 136, 137, 139, 142*, MAL11, MAL61
144, 157, 159

26-1-0, 26-1-5, 30, 37, 42, 141, 163 MAL11, MAL31, MAL61
—–––––––––––––––––––––––––––––––––––––––––––––––––––––

* In addition to the MAL loci shown, the MAL61 probe
hydridized to a position of about 950 kbp.

Apart from these identical isolates, no correlation was
obtained between the two methods. The extent to which the
PFGE and the PCR profiles reflect differences in pheno- and
genotype still remains unclear.

For the MAL loci, four genotypes were observed, with
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MAL11 and MAL31 being the predominant combination.
The occurrence of various combinations of MAL loci con-
firms the heterogeneity of the isolates observed by the PFGE
and the PCR techniques and indicates the various origins of
the isolates involved in the spontaneous fermentation of maize
dough. The results obtained are consistent with those of
Naumov et al. (1994) who investigated a limited number of
naturally-occurring strains of S. cerevisiae and found that the
most common combination of MAL loci was MAL1 and
MAL3, and that MAL1 was universally present in all strains
investigated. Charron et al. (1989) suggested an evolutionary
relationship between the MAL1 and MAL3 loci which
appears to be confirmed in this study. The genotype of the
isolate (V4) not able to ferment or assimilate maltose was
found to be MAL11. This can probably be attributed to
mutations in the gene, leading to encoding of a non-functional
product as has been reported previously for MAL11 (Charron
and Michels 1988).

The extra bands seen for isolates 120, 142 and 148 at about
950 kbp might be a result of chromosome polymorphism of
these polyploid isolates corresponding to a copy of one of the
MAL containing chromosomes with a deviant length, most
likely a short version of chromosome VII (1091 kbp), as all
three isolates were found to have MAL11. Due to the intensity
of the band and the fact that the bands are not found in the
other isolates investigated, non-specific binding of the probe
is unlikely to be the explanation.

In general, the number of MAL loci found in the isolates
of S. cerevisiae isolated from spontaneously fermented maize
dough is lower than the number of MAL loci found in indus-
trial strains such as brewing and bakery yeasts (unpublished
results). As over-expression of MAL61 in S. cerevisiae cells
has been shown to result in a significantly increased maltose
permease activity (van der Rest et al. 1995), the relatively low
number of MAL loci present in the isolates investigated could
indicate that the selection pressure for maltose utilization has
not been as strong as for brewing and bakery yeasts. However,
the correlation between the number of MAL loci and the
ability of the isolates to utilize maltose still needs to be clari-
fied, and involves determination of redundant genes.

Based on the results obtained, no changes in yeast popu-
lations have taken place during the period of the investigation
and the renovation does not seem to have influenced the
S. cerevisiae population. Further, no selection for specific
subspecies appears to take place during the course of the
fermentation. The high number of S. cerevisiae strains iso-
lated from spontaneously fermented maize dough confirms
the diversity of the microflora and the need for effective
methods for selection and control of starter cultures at sub-
species level. For this purpose, both the PFGE and PCR
techniques appear to be appropriate methods. When eva-
luating the applicability of the strains as starter cultures,
technological properties with respect to carbohydrate fer-
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mentation, assimilation of lactate and other acids, influence
on the organoleptic and structural quality of the dough, and
stimulation of the growth of lactobacilli used as combined
starter cultures, still need to be investigated.
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