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ABSTRACT

Yeasts are a group of microbes that are distributed among Basidiomycota and Ascomycota phyla of fungal
kingdom. The yeasts are having considerable importance in the field of agriculture, economics and medicine.
It is estimated that till today about 99% of the potential diversity of this group of eukaryotic microorganisms
is yet to be studied. Fast growth of global economics due to industrialization and also global warming has
changed the present scenario of the industry and switching them towards eco-friendly processes. There is thus
an increasing interest globally to discover new microbial species for economical exploitation that necessitates
understanding their biodiversity, adaptation, ecological role and importance. Biodiversity of yeast not only
provides the catalogue of life on earth, but their characterization and identification help in understanding the
potential use of these eukaryotic organisms in the production of novel biochemicals and enzymes useful in the
pharmaceutical, agriculture, food, cosmetics and chemical industries. This review focuses on the diversity of
yeast and their adaptation with special emphasis on thermo tolerance, mechanism and its applications.
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INTRODUCTION

Yeasts are unicellular eukaryotic microbes and are probably
one of the oldest and earliest life forms domesticated by
mankind, for fermentation and baking (Walker et al., 2002).
These microbes belong to the fungal kingdom with 1,500
species under 100 genera and recognized as new
production vehicles in modern biotechnological processes
(Kurtzman and Fell, 2006). Ecologically most often yeasts
are inhabitants of sugar rich environment like naturally
occurring skin of fruits and berries, plant exudates, soil
and insects (Suh et al., 2005). They were also found as
part of skin flora, gut flora of mammals and insects and
deep sea environments (Kutty and Philip, 2008). Very little
is known about the ecological functions and biodiversity
of yeast, as 99% of the potential diversity of this group of
eukaryotic microorganisms is yet to be studied (Jack et
al., 2000). Till now only few dedicated studies on yeast
biodiversity have been reported from tropical zones of
the planet and southern hemisphere when compared to
northern hemisphere where majority of the yeast
catalogued are discovered in countries from this region
(Enrique et al., 2011). Understanding the ecological
functions and biodiversity of microbes helps in the
utilization of their potential applications in the industry
and helpful for human welfare. Hence, the current review
is focused on the diversity, thermotolerance and
applications of yeasts.

BIODIVERSITYAND ECOLOGY OF YEAST

The essence of biology is the variation in life forms and
thus comes the biodiversity which has become the intrinsic
feature of not only to living organism but also to diversity
of strains and varieties. Global industrialization, conversion
of tropical rainforests into irrigated agricultural landforms
and natural events are the major concerns of changes or
loss in the biodiversity of microorganisms (Hoekstra et
al.,2005). Mutations provide the ability in microorganisms

to adapt to different environments and the speed of
adaptation depends on the rate of beneficial mutations
(Gregory and Andrew, 2007). Dormancy in yeast is one
trait that allows species to contend with changes in the
environment (Caceres and Tessier, 2003). Therefore,
studies on ancient yeast species or strains provides a
platform and opportunity to help us to understand the
yeast origin and biodiversity over the time (Gomes et al.,
2009). Moreover several studies described that naturally
fermenting Saccharomyces populations can vary from
place to place and from time to time (Lopandic et al., 2008).
To understand the origin of few strains, extensive sampling
combined with strong population genetic structure is
required. At present, studies on phenotypic diversity of
S. cerevisiae have been dominated by genetically similar
laboratory or domesticated yeast strains (Warringer et al.,
2011). When compared with yeast strains from non-
arboreal environments, domesticated strains are already
known to have evolved into a number of phenotypes such
as resistance to copper, sulphites and osmotic stress and
their enological properties (Hyma et al., 2011). But studies
on diversity of phenotypes present in arboreal populations
are yet to be uncovered; their discovery will greatly help
to understand the power of yeast genetics, ecology and
evolutionary aspects of wild S. cerevisiae.

In order to understand the structure of wild yeast, Wang
et al. (2012) collected numerous samples from diverse
arboreal habitats like fruit, bark, soil and rotten wood of
primeval forests undisturbed by humans, secondary
forests, planted orchards and urban trees in both tropical
and temperate regions across China. Wang and his
colleagues discovered a number of surprisingly diverse
lineages of S. cerevisiae from both primeval and secondary
forests of China. Genetic analysis of 99 S. cerevisiae
isolates revealed eight genetically distinct groups, five of
which are basal to all previously defined groups, including
that from North American oak trees. Interestingly, the three
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groups that fell within previously described populations
were all isolated from secondary forests and orchards.
While some amount of recombination can be inferred from
genealogical in-congruence among the 13 loci used, the
three basal groups of strains obtained from primeval
forests were mostly diverse and remained distinct. S.
arboricolus is the most recently discovered species which
was isolated from oak and evergreen trees in China by
Wang and Bai (2008). S. bayanus a brewing strain derived
from wild stock and S. eubayanus was also recently found
in forests in Patagonia (Libkind et al., 2011). However, S.
cerevisiae is prevalent species in human-associated
fermentations. The identification of wild S. cerevisiae
from oak trees in Siberia and North America (Naumov et
al., 2000) suggested that S. cerevisiae is not entirely a
human commensal species. Subsequent studies on
population genetics showed that wild oak tree populations
are differentiated from those associated with humans
(Hyma et al., 2011). The present understanding of yeast
population has however came from strains associated with
human fermentations with the exception of yeast isolated
from immune compromised patients (Muller ez al., 2011).

Several wine growing regions in the world described the
ecosystem of yeast community present in fresh grape must
and in alcoholic fermentation, analyzed on the basis of
growth of cultivable yeast microflora on nutrient media
(Lopandic et al., 2008). The most widely used techniques
in oenology is the PCR-DGGE method, which has reported
detection limits between 10*CFU/mL in pure cultures and
10*CFU/mL in wine or must samples (Andorra et al., 2008).
In recent years, scientists have used real-time quantitative
PCR (QPCR) to detect and quantify microbes in different
alimentary environments (Blackstone et al., 2003). The
QPCR technique can detect as low as one cell per mL.
Zott et al., (2010) used specific oligonucleotide primers
designed for real-time quantitative PCR (QPCR) to analyze
several important non-Saccharomyces yeasts and
Saccharomyces spp. in the fresh wine must, finished wine
and those present during fermentation. This study
confirms the usefulness and the relevance of QPCR for
studying non-Saccharomyces yeasts in the complex yeast
ecosystem of grape must and wine. The specificity of all
primer couples for their target yeast species were validated
and the QPCR methods developed were compared with a
classic approach of colony identification by RFLP-ITS-
PCR on cultured samples. Independent of location and
grape variety, non-Saccharomyces (NS) species like
Candida, Hanseniaspora, Torulaspora, Pichia,
Issatchenkia and Metschnikowia genera were found.
Candida stellata has also been mentioned (Di Maro et
al., 2007) but Candida zemplinina has been recently
described as a separate species, which is very closely
related to C. stellata and it is the most abundant species
of the Candida genus in wine and must samples (Csoma
and Sipiczki, 2008).

Grape berry surface is an unstable habitat that changes
greatly according to the stage of grape ripening; this itself

is dependent on several environmental factors, such as
rapid changes in temperature, humidity and UV radiation,
nutritive limitations, and the application of agrochemical
treatments (Cordero-Bueso et al., 2011). Milanovic et al.
(2013) evaluated influence of fungicide treatments on the
abundance and diversity of yeast communities colonizing
grape berry surfaces in an organic vineyard (copper/
sulphur-based products) and a conventional vineyard
(commonly used fungicides). Studies have been carried
out on grape berries and in juice during fermentation, using
culture-dependent and independent approaches (Fig. 1).
Mature grapes generally have abundant yeast and were
slightly higher than grapes treated with conventional
fungicides. Compared with the conventional one, organic
vineyard showed less yeast species diversity in the initial
grape samples. Metschnikowia pulcherrima was widely
found in the conventional samples but occasionally found
in organic ones. Candida zemplinina and Hanseniaspora
uvarum (>50%) are the typical yeasts species found
dominant in both vineyards and colonise surfaces of
mature grape berries.

Soka and Susanto (2010) isolated a total of 24 yeasts from
three different kinds of fermented orange juices and
subjected to diversity analysis using restriction fragment
length polymorphism (RFLP) on the internal transcribed
spacer (ITS) region. This analysis revealed different
amplified PCR restriction profiles and fragment sizes for
each type of orange juice (Table 1). Yeasts isolated from
the same type of orange juice showed identical restriction
patterns. Sequencing of ITS regions infer that specific yeast
species was detected from each type of orange, i.e., Pichia
veronae from Indonesian Pontianak orange, Cryptococcus
albidosimilis from Sunkist orange and Issatchenkia
orientalis from Indonesian Medan orange.

The role of yeast in the fermented foods is not understood
but occurrence of mixed mycobiota comprising the genera
Candida, Debaryomyces, Dekkera, Eotrichum,
Hanseniaspora, Kodamaea, Kluyveromyces, Meyerozyma,
Pichia, Rhodotorula, Saccharomyces, Trichosporon and
Zygosaccharomyces have been reported. Anna et al. (2013)
compared yeast populations in marketed ogi, mawe, gowe
and tchoukoutou using a combination of culture-
dependent and independent molecular methods. The study
was carried out to understand the specific yeast
characteristics and their significance for fermentation and
product quality which helps to create a new and better-
suited platform for their selection. Anna et al. (2013)
isolated 236 yeasts and identified based on different
migration profiles on denaturing gradient gel
electrophoresis (DGGE) and 26S rRNA gene sequencing
(Table 2). Candida krusei was the yeast most frequently
isolated and has strongest predominance in maize based
products. Other predominant yeasts present at equal or
lower incidence were Clavispora lusitaniae and
Saccharomyces cerevisiae in ogi and mawe, Clavispora
lusitaniae, Candida tropicalis and Kluyveromyces
marxianus in gowe and Clavispora lusitaniae,
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Fig. 1. UPGMA cluster analysis of the DGGE profiles of the samples collected from the organic (10-60) and
conventional (1C-6C) vineyards at the beginning of the fermentation, based on the bands revealed. Scale: the
average distances between the samples. BF = beginning of fermentation. (Milanovic et al., 2013).

Table 1: PCR amplification products and restriction fragments of yeasts isolated from three types of orange using Hha 1, Hin f1

and Hae III. (Soka et al., 2010)

Types of Oranges PCR Fragments (bp) Restriction Fragments (bp)

Hhal Hinfl Haelll
Indonesian Pontianak Orange 600 3004300 3004300 480+70
Sunkist Orange 650 3004300 350+380 500+70+60
Indonesian Medan Orange 500 2004+200+50 250+180 400+80+20

Saccharomyces cerevisiae and Candida rugosa in
tchoukoutou. Grouping of 164 Candida krusei isolates
by rep-PCR analysis indicated that several biotypes were
involved in fermentation of the four products. The DGGE
analysis on the DNA directly extracted from the food
matrices demonstrated the presence of Dekkera
bruxellensis and Debaryomyces hansenii, which were not
detected by the culture-based approach.

Yeasts are mainly responsible for the alcoholic fermentation
and characteristic of this process is that different yeast
species are active sequentially during the fermentation, each

being substituted by the next (Lopandic et al., 2008). Thus
an analysis of the population dynamics of the
Saccharomyces bayanus var. uvarum yeast in wine
fermentations carried out under industrial-scale vinification
in the Ribera del Duero region, which has a relatively warm
climate, this yeast was found dominating during the middle
stage of the fermentation process, when the temperature
range was between 20 and 25 °C. The low frequency of
detection of S. bayanus var. uvarum at the end of
fermentation could be indicative of its lower ethanol
tolerance compared to S. cerevisiae. Uvarum yeast species
has a typical fermentation profile in grape must that is

Table 2: Identification of yeasts from marketed samples of ogi, mawe, gowé and thoukoutou by PCR-DGGE. For each product,
three different sample sites in Benin were chosen, indicated in roman numbers. The number of isolates for each species and
the total number (in % in brackets) are shown for each product. (Anna et al., 2013)

Yeast Species Ogi Mawe Gowe Tchoukoutou All products

I II III Tot I II III Tot I II III Tot I II III Tot Tot
Candida Krusei 19 19 19 57(96) 20 16 18  54(92) 19 19(32) 10 18 6  34(59) 164(69)
Clavispora lusitaniae 1 1(2) 1 12) 1 3 46) 1 11 12(20) 18(8)
Saccharomyces cerevisiae 1 1(2) 4 4(6) 8 1 9(15) 14(6)
Candida tropicalis 3 16 19(32) 19(8)
Kluyveromyces marxianus 17 1 18(30) 18(8)
Candida rugosa 3 35 3(1)
Total 20 19 20 59 200 19 59 20 20 20 60 18 20 20 58 236
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significantly different from S. cerevisiae. It produces lower
and higher amounts of acetic acid and glycerol, respectively
compared with S. cerevisiae and produces relatively large
amounts of alcohols such as 2-phenylethanol in wine (Tosi
et al., 2009). In other studies, significant differences have
been reported in the aroma profile of Malvasia delle Lipari
wines fermented by S. cerevisiae and others by S. bayanus
var. uvarum, a higher score was attributed to the latter in
tasting (Muratore et al., 2007).

Saccharomyces cerevisiae that is usually associated with
fermented beverages and a wide diversity of
phylogenetically unrelated yeasts may form a part of the
soil microbial community (Sniegowski et al., 2002). Some
of these yeasts that are, however, originated from other
habitats such as vegetative debris or animals are
transcended or fortuitously present in the soil were found
to be autochthonous soil yeast that includes both
ascomycetous and basidiomycetous species (Lachance
and Starmer, 1998). Yeast are usually found in soil close to
fruit bearing plants because the spoiled fruit deposited in
the soil will act as nutrient which enrich the soil yeast
(Lachance and Starmer, 1998). The simple organic carbon
compounds associated with root exudates are readily
assimilated by yeasts and as a result larger yeast
populations usually occur in the rhizosphere than further
away in the bulk soil (Cloete et al., 2009).

The largest unexplored and extreme biospheres of earth
are glacier habitats (cryosphere). In recent years the thrust
area of research for biotechnology is related to studies on
psychrophilic yeasts from glacier habitats (Buzzini et al.,
2012). Arctic habitats harbour around 46 species of yeasts
isolated from various habitats like Siberian sediments,
sands and permafrost layers from Iceland soils, from
ancient Greenland ice cores, from Svalbard glacier
associated habitats and from glaciers in Alaska (Uetake et
al., 2012). Singh et al. (2013) studied ten strains of
cryophilic yeasts from glacier ice cores of Svalbard, Arctic.
Five species of yeasts [Cryptococcus adeliensis (MLB-
18), C. albidosimilis (MLB-19), C. saitoi (MLB-22),
Rhodosporidium lusitaniae (MLB-20) and Rhodotorula
mucilaginosa (MLB-27)] were identified by performing
the sequence analysis of these isolates using D1/D2
domain. Studies on the effect of temperature on the growth
of these isolates showed decrease in number of viable
yeast cells with the increase in the depth of ice core
indicating that the yeast cells in the porous surface layer
of ice survive better than those in the deeper layers.
Cryophilic yeasts play an important role in nutrient cycling
in the ice and glacial habitats by secreting wide range of
extracellular enzymes to utilize traces of available nutrients
which help them in their survival and adaptation in the
cryosphere (Welander, 2005). To survive at lower
temperatures, psychrophilic yeast accumulates high
concentration of polyunsaturated fatty acids (PUFAs) in
their membranes which regulate the organisms’ membrane
fluidity (Pathan ez al., 2010). Increased concentrations of

unsaturated fatty acids are also reported from
psychrophilic yeasts such as Candida, Leucosporidium
and Torulopsis and the fungus Microdochium nivale
(Istokovics et al., 1998). Adaptation strategies in microbes
vary due to enzyme secretion, PUFA accumulation and
antifreeze protein secretion, but the isolated psychrophilic
microorganisms adapt to the low temperature by enzyme
and PUFA secretion rather than antifreeze proteins
(Fiedurek ez al., 2003).

ADAPTATION STRATEGIES OF YEAST
a) Sexual selection

The processes that lead to differential mating success
among individuals may influence the evolutionary
trajectory and biodiversity of populations. To test the
effect of the strength of sexual selection on the fate of
populations, Reding et al. (2013) allowed Saccharomyces
cerevisiae to evolve for approximately 250 generations
with altered sex ratios and found a reduction in the rate of
adaptation in yeast exposed to strong sexual selection as
compared to those exposed to weak or no sexual selection.
Specifically, weak sexual selection populations adapted
more efficiently to a harsh environment than strong sexual
selection population, and asexual populations were in
between these extremes and that strong sexual selection
erases the benefits of sexual reproduction. This pattern
was maintained during an environmental change (i.e.
moving from glucose to sucrose media). These
observations highlight the importance of sexual selection
in shaping macro-evolutionary patterns and biodiversity.
Furthermore, the asexual populations could only adapt
via new mutations where as the sexual populations had
the advantage of additional genetic variation from new
alleles suggesting that the effect of strong sexual selection
is powerful.

The study of Reding er al. (2013) suggests that it is
possible that mutations which increase pheromonal
signalling are separate from those that increase growth.
In a well adapted population, pheromone signaling may
be an indicator of genetic fitness, but in a new environment,
in the presence of strong sexual selection, it is not. Further
it was also found that crosses between populations
experiencing strong sexual selection were less likely to
mate than crosses between populations that experienced
little or no sexual selection. This trend of pre-zygotic
isolation, though not statistically significant, is in the
predicted direction and given fewer numbers of
generations. Finally, Reding ef al. (2013) concluded that
strong sexual selection pressures hinder adaptation,
possibly influence population decline and extinction, and
may increase the potential of pre-zygotic isolation.

b) Acquisition of new genes

The acquisition of new genes via horizontal transfer or gene
duplication has been the dominant mechanism thus far
implicated in the evolution of microbial pathogenicity. In
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contrast, the role of many other modes of evolution such as
changes in gene expression regulation remains unknown.
A transition to a pathogenic lifestyle has recently taken
place in some lineages of Saccharomyces cerevisiae. Hunter
etal. (2012)identified involvement of physically interacting
proteins in endocytosis that has experienced multiple cis-
regulatory mutations that down-regulate gene expression
levels in a pathogenic yeast. To test whether these
adaptations affect virulence, a panel of single-allele
knockout was created in strains whose hemizygous state is
similar to the genes of adaptive down-regulations and their
virulence was measured in a mammalian host. It was noticed
that there is no growth in standard laboratory conditions,
and all the strains were more virulent than their wild-type
progenitor, suggesting that these adaptations played a role
in the evolution of pathogenicity. Furthermore, genetic
variants at these loci were associated with clinical origin
across 88 diverse yeast strains, suggesting the adaptations
may have contributed to the virulence of a wide range of
clinical isolates. Pleiotropic effects of these adaptations on
a wide range of morphological traits which have been
reduced by compensatory mutations at other loci were also
detected. These results suggest that cis-regulatory
adaptation can occur at the level of physically interacting
modules and one such polygenic adaptation led to increased
virulence during the evolution of pathogenic yeast.

For most known cis-regulatory adaptations, pleiotropy is
thought to be minimized as a result of their tissue specificity
(Manceau et al., 2011). Since unicellular species such as
yeast cannot reduce pleiotropy in this way, they may be
dependent on compensatory mutations to mitigate any
unavoidable deleterious pleiotropic effects. This was
observed for the endocytosis complex adaptations, whose
pleiotropic effects on morphology have apparently been
compensated by other loci.

¢) Weak organic acids (WOAs)

WOAS s are most widely used for preservation, to prevent
fungal spoilage of foods and beverages. Exposure of S.
cerevisiae to WOA leads to cellular acidification and
anion accumulation. Pre-adaptation of cultures reduced
the rate of acidification caused by weak acid exposure,
due to changes in plasma membrane or cell wall
composition. In order to adapt to sub lethal concentrations
of the acids and grow, yeast cells activate ATP
consuming membrane transporters to remove protons
and anions. To study the extent of ATP depletion on
growth inhibition in sorbic or acetic acid treated cells,
Azmat Ullah et al. (2013) analyzed the effect of the
reduction of proton and anion pumping activity on
intracellular pH (pHi), growth, and energy status upon
exposure to the hydrophilic acetic acid (HA) and the
lipophilic sorbic acid (HS). Lipophilic WOA stress induces
the plasma membrane ATP-binding cassette (ABC)
transporter Pdr12p (Hatzixanthis et al., 2003), which play
a role in the adaptation of yeast to these weak acids by

pumping out anions by utilizing the energy, either ATP
or the membrane potential or the proton gradient
(Henriques et al., 1997). Further a stronger reduction of
ATP with growth reduction rather than with growth
inhibitory concentrations of both acids was observed
and it was concluded that growth inhibition is not due to
the ATP reduction caused by proton pumping, but rather
it was due to the sorbate anion pumping. A reduction of
proton pumping activity may reduce ATP consumption,
but the resulting decrease of pH affects growth more.
Intracellular pH (pHi) affects many cellular processes and
even a slight deviation of pHi affects intracellular
metabolic reactions, as it influences the ionization states
of acidic and basic side chains of amino acids and thereby
protein activity. Cellular activities counteracting
acidification and anion accumulation consume ATP (Piper
etal., 1998). In yeast, intracellular acidification is partly
counteracted by the activity of PMA1 plasma membrane
H+-ATPase pump. PMAT1 is an essential gene that
encodes the major pHi regulator in baker’s yeast (Serrano
etal., 1986). It pumps H+ ions out of the cell using ATP
hydrolysis at 1:1 ratio and consumes about 20% of the
ATP during normal conditions and up to 60% during
weak acid stress (de Kok et al., 2012). ATP utilization
was differentially regulated during moderate and severe
stress conditions. The energy depletion alone is not the
cause of growth inhibition during HA or HS stress. Rather,
the cells appear to reduce ATP consumption in high
stress conditions that prevent futile cycling and maintain
energy reserves for growth resumption in more favorable
conditions.

DETERMINATION OF DIVERSITY

The classification of yeasts was primarily based on
morphology and physiology, in particular the capacity to
assimilate particular carbon source. The limitations of these
methods lead to the application of molecular approaches,
but different techniques often generated inconclusive
findings. Kurtzman and Fell (1998) and colleagues
established variation in the D1/D2 region of the large
subunit (25S) rDNA as the benchmark for categorizing
yeast and understanding the relatedness between strains
(Kurtzman and Robnett, 1998). Application of this
sequence-based taxonomy resulted in major re-
organization and reclassification within the
Saccharomyces complex. The highly polyphyletic nature
of the original Kluyveromyces genus required renaming
of most of its species and the genus now retains just six
species (Lachance, 2007). Some well known
‘Kluyveromyces’ species such as K. thermotolerans and
the original type species, K. polysporus, are no longer
part of the Kluyveromyces genus and the type species is
now K. marxianus. K. dobzhanskii is the species most
closely related to K. marxianus. An appreciation of the
phylogenetic relationship between the Kluyveromyces and
Saccharomyces genera is important while considering the
genetics and metabolism of yeast within these genera.
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The differentiation of species and strains of yeast S.
cerevisiae and S. bayanus var. uvarum has been performed
by analysis of restriction patterns of the MET2 gene and
electrophoretic karyotyping as a suitable technique for
discriminating the yeast clones (Le Jeune et al., 2007).
The MET2 gene was amplified using the primers described
by Hansen and Kielland-Brandt (1994). The Non-
Saccharomyces (NS) yeasts were identified to genus or
species level by amplification of the 5.8S-ITS region of
ribosomal genes as described by Esteve-Zarzoso et al.
(1999). NS strains showed patterns with the absence of
bands running below the region of 500 kb, which are
specific to S. cerevisiae strains (De Jonge et al., 1986).
The strains of S. bayanus var. uvarum were differentiated
from S. cerevisiae by the presence of two small
chromosomes in the region of 245-370 kb, instead of three
as in S. cerevisiae as reported by Naumov et al. (2000;
2002). S. bayanus var. uvarum yeasts were present mainly
mid-way through the fermentation but were in competition
with the Non-Saccharomyces (NS) and S. cerevisiae. This
yeast was detected as the predominant species when the
temperature of fermentation was in the range between 20
and 25 °C. Within each yeast population, the presence of
several different strains were detected and differentiated
by their karyotypes. The diversity of the S. cerevisiae
yeast was higher than S. bayanus var. uvarum.

ELECTROPHORETIC KARYOTYPING AND RFLP
ANALYSIS

To detect the diversity among wine-fermenting yeast
populations, single-cell colonies are analyzed by using
molecular methods such as RFLP of genomic DNA or
mitochondrial DNA, microsatellite analysis and delta
sequencing or karyotyping. To characterize the
composition of the Saccharomyces population, Csoma et
al. (2010) examined 10 physiological properties, measuring
the production of 7 secondary metabolites during micro-
fermentation of the grape must. Csoma et al. (2010)
analyzed S. cerevisiae and S. uvarum strains isolated
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during spontaneous fermentations of musts from four
white grapevine varieties and one red grapevine variety
in four traditional wine growing regions located in Southern
and Central Hungary that differ from Tokaj in climate, soil
and wine making technology. They focused on
Saccharomyces yeasts of Tokaj, a wine region shared by
Northeast Hungary and East Slovakia, where S. uvarum is
a regular and significant component of the fermenting
yeast populations (Antunovics et al., 2005).
Electrophoretic karyotype analysis was carried out using
the BIORAD CHEF-II system as described by Antunovics
et al. (2005) or the CHEF-III system as described by Sipiczki
(2004) for comparative characterization of 86 isolates. CHE-
IIT gave a better resolution in the region of large
chromosomes. Further the relatedness of the karyotype
was determined by analyzing the banding patterns with
the UPGMA (Unweighted Pair Group Method with
Arithmetic mean) algorithm available at (http://
www.tinet.cat/~debb/UPGMA/) [Garcia-Vallve et al., 1999].
To differentiate between S. cerevisiae and S. uvarum, the
method of NTS PCR-RFLP was used as described by
Nguyen and Gaillardin (1997). The D1/D2 domains of the
26S rDNA were amplified with the primers NL-1 and NL-4
(O’Donnell, 1993) and sequenced with an ABI PRISM 3700
(Applied Biosystems) sequencer using the PCR primers
(Table 3).To perform sequence similarity searches and pair
wise sequence comparison studies, blast studies were
carried out. This study revealed that the S. cerevisiae
populations of certain wines are quite homogeneous in
certain traits but highly diverse in other properties. The
findings indicated that alcoholic fermentation in grape
wines is performed by highly diverse yeast consortia rather
than by one or two dominating strains.

RAPID QPCRMETHOD

Presence of inhibitory compounds in wine such as tannins,
polysaccharides, and pigments, may reduce the efficiency
of DNA isolation and/or amplification, producing false
negative results (Tessonniere et al., 2009). Methods like

Table 3: RFLP analysis of the 5.8S-ITS region and sequence information for the D1/D2 domains of 26S rDNA gene of yeasts
isolated from fermentation starters for Hong Qu glutinous rice wine. (Xu-Cong et al., 2013).

Restriction No of Amplified Restriction fragments (size in bp)* Closet relative species Matching Accession
profile Isolates product (bp) Cfol Hinf'1 Hae 111 nucleotides number ¢
(identity %)"
1 14 620 300+265+60 320+300 400+115+90 Pichia guilliermondii 542/542(100%) JF439367
11 41 880 385+365+150 365+155 320+230+150 Saccharomyces _cerevisiae 546/546(100%) JN083825
111 233 680 320 358+325 600+80 Saccharomycopsis fibuligera 543/543(100%) HM107786
v 35 650 290+200 310+310 550 Pichia fabianii 541/541 (100%) EF550321
4 5 890 383+162+144 524+366+268 636+221 Candida glabrata 551/551 (100%) HM591682
VI 5 595 278 268 358+97 Cryptococcus heveanensis 573/575 (99%) AF075467
VII 10 630 330+300 350+160+120 500+70+60 Cryptococcus albidus 564/566(99%) AY296054
VIII 30 880 385+365+150 365+155 320+4230+180+150  Saccharomyces cerevisiae 544/544(100%) EF116915
1X 47 810 750+110 410+340 640 Saccharomyces malanga 537/540(99%) EU057553
X 28 640 316+242+114 340+230+75 4254215 Rhodotorula mucilaginosa 558/559(99%) GU373744
X1 17 684 592 180+150+110 587 Sporobolomyces nylandii 555/560(99%) AB279629
XII 22 640 560 3154315 580 Wickerhamomyces anomalus 558/560 (99%) F1972217
XIIT 13 684 300 + 260 365 + 330 380+110 + 80 Rhodosporidium toruloides 547/548 (99%) F1515241

2 Restriction fragments smaller than 60 bp could not be visualized, ® Sequence identity in the D1/D2 region of isolates of the 26S ribosomal gene and the closest
relative species in the NCBI GenBank database. © Accession number of the sequence of the closest relative in the NCBI GenBank database found by BLAST search.
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RFLP-ITS-PCR on colonies and QPCR methods made it
possible to analyze the dynamics of all 6 target NS yeasts,
revealing that the minor NS yeasts, like Torulaspora
delbrueckii and Metschnikowia pulcherrima species, were
present throughout the fermentation process. Zott et al.
(2010) reported Hanseniaspora uvarum was the major NS
yeast, even after 25 days of vinification and similar results
showing a high population of Hanseniaspora spp. at the
end of a mixed culture with Saccharomyces cerevisiae was
observed by Hierro et al. (2007) using QPCR method. The
presence of Hanseniaspora uvarum at the end of alcoholic
fermentation was also reported by Mills using direct
molecular methods (Mills et al., 2002). The methods
developed in this research have been useful for studying
NS yeasts and Saccharomyces cerevisiae dynamics in co-
fermentation experiments. QPCR is also useful for evaluating
the implications of NS yeast under real production
conditions in future ecological studies like the impact of
addition of S. cerevisiae in wine must in industries.

THERMOTOLERANCE

Generally yeast grows relatively at low temperatures in
comparison with bacteria. During fermentation, the
metabolic activity of yeasts results in exothermic
production of heat and the quantity of heat released varies
with different substrates and increases with increase in
substrate concentration (Jones et al., 1981; Lyons, 1981).
The fermentation of pentoses results in the release of
larger quantities of heat than hexoses (Holderby and
Moggio, 1960). The control of temperature during
fermentation is required to avoid the rise in temperature of
medium and prevent growth inhibition; otherwise it will
lead to incomplete fermentation, thereby decreasing the
fermentation efficiency (Roxas and Anguila, 1971). But the
thermotolerant yeasts grow with upper temperature limits
of 42 - 45 ° C (Arthur and Watson, 1976), which helps in
overcoming the limitations associated with mesophilic
yeast, and hence, thermotolerant yeast has more practical
applications than other types.

a) Factors responsible for Thermotolerance
1) Trehalose as a stress protectant

Trehalose, a sugar produced by a wide variety of
organisms, is important in providing protection from
desiccation (Singer and Lindquist 1998). Its concentrations
increase in the presence of elevated temperatures, ethanol,
desiccation and hydrogen peroxide as part of the cellular
response (Gadd et al., 1987). In most of the fungi,
prokaryotes and nematodes, increased tolerance to
adverse environmental conditions are found to possess
high levels of trehalose (Van Laere, 1989).

Recent work done on yeast indicate that trehalose also
promotes survival under conditions of extreme heat, by
enabling proteins to retain their native conformation at
elevated temperatures and by suppressing the
aggregation of denatured proteins (Hottiger et al., 1994)

and cooperate with HSPs to promote protein refolding.
Trehalose is also believed to be associated with
alterations in the viscosity and water activity of the
medium, leading to a decrease in the solvation layer of
proteins and thus help in protein stabilization (Sola-Penna
and Meyer-Fernandes, 1998). The recovery of cells from
heat shock, however, gets impaired if they fail to degrade
trehalose after the stress has passed. The finding that
the disaccharide is localized exclusively to the nuclear
cytosolic compartment, inferring the function of
trehalose in S. cerevisiae (Kellner et al., 1982). The
restriction of trehalose to this region results in
approximately 0.5M cytosolic trehalose concentrations
(Hottiger et al., 1994), which would drastically affect the
constituents of the cytoplasm (Kellner et al., 1982). With
high concentrations of trehalose in in-vitro, the
temperature range over which proteins retain their native
state was found to be extended (Hottiger et al., 1994).
The role of trehalose in tolerance of various S. cerevisiae
strains was determined by the analysis of mutations
affecting trehalose levels. Cells carrying the bcyl-1
mutation in the regulatory subunit of cAMP dependent
protein kinase are unable to synthesize high levels of
trehalose and are sensitive to heat. In contrast, cells with
the cyrl-2 mutation in the adenylate-cyclase structural
gene produce trehalose constitutively and are
thermotolerant (Hottiger et al., 1989).

2) ATPase and transcriptional factors for stress
tolerance of the yeast

Heat-driven oxidative stress has been reported to be
correlated with the loss of cell viability in yeasts (Davidson
and Schiestl, 2001). Calcium is an essential micronutrient
for yeast growth and CaCl, was found to increase the
tolerance of S. cerevisiae to lethal heat treatments
(Fedoseeva et al., 2010). Microarray analysis of S.
cerevisiae incubated with calcium found to induce the
expression of more than 160 genes, including the Ca*"
dependent kinase, ATPase and transcriptional factors,
which contribute to the stress tolerance of the yeast
(Yoshimoto et al,. 2002). Liu et al. (2012) reported that
heat shock could induce significant accumulation of ROS
in yeast cells, resulting in the decline of its biocontrol
ability. ROS also play an important role in the signal
transduction of senescence and apoptosis in yeast
(Madeo et al., 2002). Further, it was found that
Debaryomyces hansenii show a significant higher level
of ROS accumulation after heat shock treatment at 40 “C
for 20 min, and lower levels of ROS by adding 1 or 5 mM
exogenous calcium in the medium. High amounts of ROS
increase levels of carbonylated proteins and cause
oxidative damage to cell components like proteins, lipids
and nucleic acids and finally loss of cell viability. The
addition of exogenous calcium, however, could markedly
reduce the protein carbonylation of the yeasts (Reverter-
Branchat et al., 2004). The detoxification of ROS is
dependent on the antioxidant enzymes like CAT, SOD,
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and POD. When treated with exogenous Ca**, SOD and
POD levels in D. hansenii increased (Table 4). Similar
observations have been recorded by Navarrete et al. (2009),
who observed that NaCl exerted a protective effect against
oxidative stress and exogenous Ca?* can improve the
tolerance of yeasts to heat stress, particularly in D.
hansenii. The exogenous Ca* could enhance the
antioxidant enzyme activities, which in turn could reduce
ROS accumulation and inhibit protein oxidative damage.

3) Thermotolerance by adaptation

The heat shock response is among the most
fundamentally important and ubiquitous stress responses
in nature. Heat shock proteins (HSPs), which are induced
in response to various stress conditions were also
considered to play an important role in conferring
thermotolerance (Lindquist and Kim, 1996). Many HSPs
are constitutively expressed at moderate temperatures and
play a role in increasing the folding and assembly of
proteins (Piper, 1993). Furthermore, two distinct types of
regulatory factors are involved in the induction of heat
responsive genes, a heat shock factor (Hsfl) and general
stress transcription factors (Msn2 and Msn4). The genes
activated by Hsfl mostly encode chaperones and
components associated with ubiquitin-related protein
degradation systems; whereas the genes activated by the
Msn2 and Msn4 transcriptional activators encode
enzymes involved in carbohydrate metabolism and
antioxidant functions (Boy-Marcotte et al., 1999). Even in
the absence of stress, Hsf1 binds as a trimer to canonical
heat shock elements (HSEs) in the promoter of target heat
shock protein (HSP) genes (Giardina and Lis, 1995). When
Saccharomyces cerevisiae or Candida albicans cells are
exposed to an acute heat shock, Hsfl becomes hyper-
phosphorylated and activated, leading to the
transcriptional induction of these target HSP genes,
thereby promoting cellular adaptation to the elevated
temperature (Gallo et al., 1993).

Atsushi et al. (2013) obtained a thermotolerant
Saccharomyces cerevisiae yeast strain YK60 1 by stepwise
adaptation of parental strain MT8 1. YK60 1 exhibited
faster growth than MT8 1 at 30 "C and even grew at 40 °C,
at which MT8 1 could not grow. To investigate the
mechanisms as to how MT8 1 acquired thermotolerance,
DNA microarray analysis was performed. The analysis
revealed the induction of stress responsive genes

encoding heat shock proteins and trehalose biosynthetic
enzymes in YK60 1. Furthermore, non targeting
metabolome analysis of YK60 1 showed that it accumulated
more trehalose that contributes to stress tolerance than
MTS-1.

4) MAPK kinase signaling for Thermotolerance

For a cell, the cell wall and cell membrane which are
essential for the maintenance of cellular integrity and
shape need to be changed and repaired to respond to
environmental stresses such as heat stress as well as
morphological changes during the cell cycle (Lesage and
Bussey, 2006). This cell wall remodeling is controlled by a
Pkcl-activated mitogen-activated protein (MAP) kinase
cascade known as the cell wall integrity pathway. The
MAPK cascade leads to transcription activation through
the MAPK SIt2 transcriptional activator, leading to the
expression of genes required for cell wall remodeling (Levin,
2005). These MAPkinase pathways contribute to
thermotolerance in S. cerevisiae, and are also important
for virulence, as MAP kinase defective Candida albicans
mutant’s display attenuated virulence in infection models
(Guhad et al., 1998). Between C. albicans and other yeasts,
a number of stress regulatory modules like the AP1-like
transcription factors in Saccharomyces cerevisiae Yapl
(Kuge et al., 1997), S. pombe Papl (Toone et al., 1998),
Candida glabrata CgYapl (Roetzer et al., 2011) and C.
albicans Capl (Zhang et al., 2000) have been conserved.
They play similar roles in the activation of transcriptional
responses to oxidative stress. Saccharomyces cerevisiae
Hogl is mainly involved in responses to osmotic stress,
while Candida albicans Hogl and Saccharomyces pombe
Sty1 are involved in the diverse range of stress responses
(Brewster et al., 1993). Additional mitogen activated
protein kinase (MAPK) cascades like the cell wall integrity
Mpk1/S1t2 pathway (Navarro-Garcia, 1995) and the cell
wall morphogenesis and pheromone signalling pathways
involving the Cekl and Cek2 MAPKSs have been
conserved in S. cerevisiae and Candida albicans (Chen
etal., 2002).

5) Thermotolerance by protoplast fusion

To increase thermotolerance and ethanol tolerance in
Saccharomyces cerevisiae strain YZ1, the strategies of
high-energy pulse electron beam (HEPE) and three rounds
of protoplast fusion were explored. The resultant strain

Table 4: Activities of antioxidases in Debaryomyces hansenii and Pichia membranaefaciens. (Bang et al., 2012).

Yeast D. hansenii P._membranaefaciens

CaCl2 CAT (U mg-1 SOD (U mg-1 POD (U mg-1 CAT (U mg-1 SOD (U mg-1 POD (U mg-1
(mM) protein) protein) protein) protein) protein) protein)

0 626.27 + 45.63a  78.26 = 2.45a 49.10 = 10.01a 134.28 + 32.05a 7.78 = 1.77a 11.64 + 3.42a
1 688.96 + 2.70a 95.43 + 4.79a 72.03 + 2.53b 125.64 + 34.30a 8.27 + 2.40a 10.98 + 4.30a
5 683.07 £ 44.7la  124.54 + 24.33b 97.78 + 24.35¢ 120.48 + 9.84a 8.79 = 1.49a 12.97 + 4.06a

Antioxidase activities were determined in cells cultured in SD medium containing 0, 1, or 5 mM CaCl2. Values are the mean + standard
deviations from three independent experiments. Values followed by different letters are significantly different according to Duncan’s

multiple range test (P\0.05)
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YF31 had the characteristics of resistance to high-
temperature, high-ethanol concentration, exhibit rapid
growth and high yield. The YF31 could grow on plate
cultures up to 47 °C, containing 237.5 g L' of ethanol. In
particular, the mutant strain YF31 generated 94.2+4.8 gL-
1 ethanol from 200 g/L glucose L-1 at 42 °C, which was 2.48
times higher than the production by the wild strain YZI1.
These results demonstrated that the variant phenotypes
from the strains screened by HEPE irradiation could be
used as a parent stock for yeast regeneration and the
protoplast fusion for combining suitable characteristics
in a single strain for ethanol fermentation. Zhang et al.
(2012) performed the mutation studies on cells by HEPE
irradiation and found that, S. cerevisiae cells showed dose-
dependent decreased cell viability (P< 0.05) after HEPE
treatment. The dose response curve fits the quadratic
model, which indicated that HEPE induces minor
physiological damage to yeast cells. The absorbed dose-
rate of HEPE on biomaterials is 1010 Gys™', which is much
higher than that of c-rays (usually under 60 Gy s*') and
the other radiation methods. With such high dose rate of
HEPE, high-density radicals were generated in seconds,
leading to DNA double-strand breaks in the samples (Zhu
et al., 2008). The mutants thus become variable due to the
genetic background of the parent samples diverged by
HEPE irradiation. The HEPE irradiation may achieve more
useful mutations and enlarge initial population diversity,
which could exhibit better performance on protoplast
fusion. The single HEPE mutant strains could not be
tolerant to all stresses. The protoplast fusion approach
was thus used to combine multiple stress tolerance.

b) Applications of thermotolerant yeasts
1) Bioethanol production

Bioethanol, a renewable eco-friendly fuel, is now
considered to be an alternative to conventional gasoline.
S. cerevisiae is a facultative anaerobe and under anaerobic
conditions can ferment glucose to ethanol. Improvements
in ethanol production by using genetically engineered
yeast cells during the fermentation process may lead to a
boost in the bioethanol production industry (Hal et al.,
2006). Among the desirable traits of strains required for
efficient bioethanol production, tolerance to high
temperature, sugar, acidity and ethanol is crucial for
reducing cooling and ethanol recovery costs and for
minimizing the risk of contamination. Although
considerable progress has been made with respect to
engineering yeast strains for stress tolerance, a full
understanding of the molecular mechanisms that confer
tolerance to stress is lacking (Jeffries and Jin, 2004).
Thermotolerant yeast strains offer the advantage of
conducting the bioethanol production process at elevated
temperatures. Further more, isolation and selection of
strains from nature is a promising way to obtain superior
strains exhibiting desirable phenotypes such as ability to
grow at high temperatures (Paivi et al., 2011). The optimum
temperature for growth of S. cerevisiae ranges from 25 °C

to 30 °C, and  S. cerevisiae does not normally grow at
temperatures higher than 40 °C. Recently, a high-
temperature growth phenotype (Htg), which enables cells
to grow at 41 °C, has been categorized as a quantitative
trait that is controlled by multiple genes in S. cerevisiae
(Nevoigt, 2008). Htg+, Hep+ and Acd+ phenotypes are
desirable for yeast bioethanol producers because strains
showing these multiple-tolerance traits can minimize the
costs of maintaining an optimum temperature, ethanol
recovery and risk of contamination (Suthee et al., 2012).

2) Probiotics

Eukaryotic microorganisms such as yeasts exhibit
characteristics like morphological diversity (budding,
pseudo mycelia), nutritional flexibility (ability to utilize a
broad range of nitrogen, carbon, and phosphorous
sources), stress tolerance (to low pH/oxygen/water
activity, high osmotic pressure), enzyme secreting
potential (secrete a broad range of enzymes such as lipase,
peptidase, amylase, invertase, phytase, etc.), anti-
oxidative/antitumor/antimicrobial activity (effective
against a wide range of pathogens) which contribute to
their success as an ideal probiotic (Fredlund et al., 2002).
Strains of S. cerevisiae have been widely tested for
probiotic properties such as the protection of bacterial
translocation and preservation of gut barrier integrity
(Generoso et al., 2010). Additionally, probiotic yeasts may
have inhibitory activity against pathogenic bacteria (Tiago
etal.,2009). S. cerevisiae var. boulardii is the only yeast
with proven clinical effects and the only yeast with proven
probiotic efficiency in double blind studies (Sazawal et
al.,2006). It is used for prevention and treatment of many
different types of human gastrointestinal diseases (Zanello
etal.,2011).

CONCLUSIONS

Yeasts have been widely used by human beings for
fermentation and baking purposes, but very little is known
about their diversity. Knowing the yeast ecology, diversity
and mechanism of adaptation will greatly help to
understand the power of yeast genetics, ecological and
evolutionary aspects. Following aspects have to be
considered for utilization of their potential applications in
the industry and human welfare:

+ Combination of culture-dependent and independent
molecular methods should be used to evaluate the
influence of different chemical treatments on the
abundance and diversity of yeast communities.

+ Research need to be focused on glacier habitats,
which are the largest unexplored and extreme
biospheres for the prospect of biotechnology.

+ Role of enzymes and protein secretions which are
important for adaptation strategies in microbes

+ Evaluation of sexual selection processes that help in
shaping macro-evolutionary patterns and
biodiversity.
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+ Exploitation of molecular methods such as RFLP of
genomic DNA or mitochondrial DNA, microsatellite
analysis, delta sequences or karyotyping and also
establishing variation in the D1/D2 region of the large
subunit (25S) rDNA which help in detecting the
diversity of yeast.

REFERENCES

Andorra, 1., Landi, S., Mas, A., Guillamon, J.M. and Esteve-
Zarzoso, B. 2008. Effect of oenological practices on
microbial populations using culture - independent
techniques. Food Microbiol. 25: 849-856.

Anna, G, Kalliopi, R., Wilfrid, P., Joseph H., Lene, J.,
Mogens and J., Luca, C. 2013. Determination of yeast
diversity in ogi, mawe, gowé and tchoukoutou by
using culture-dependent and -independent methods.
Int. J. Food Microbiol. 165: 84—88

Antunovics, Z., Irinyi, L. and Sipiczki, M., 2005. Combined
application of methods to taxonomic identification of
Saccharomyces strains in fermenting botrytized grape
must. J of Appl Microbiol 98: 971-979

Arthur, H. and Watson, K. 1976. Thermal adaptation in
yeast: growth temperatures, membrane lipid, and
cytochrome composition of psychrophilic, mesophilic
and thermophilic yeasts. J. Bio Chem. 275: 28843-
28848.

Atsushi, S., Yoshiaki, K., Natsuko, M., Kouichi, K., Ayako,
T., Takeshi, B., Eiichiro, F. and Mitsuyoshi, U. 2013.
Acquisition of thermotolerant yeast Saccharomyces
cerevisiae by breeding via stepwise adaptation. Chem.
Eng. Biotechnol. Prog. DOI:10.1021/btpr.1754.

Azmat Ullah., Gayathri, Chandrasekaran., Stanley, Brul.,
and Gertien, J. Smits. 2013. Yeast adaptation to weak
acids prevents futile energy expenditure. Front in
Microbiol. DOI: 0.3389/fmicb.2013.00142.

Bang, An, Bogiang, Li, Guozheng, Quin. and Shiping,
Tian.2012. Exogenous calcium improves viability of
biocontrol yeasts under heat stress by reducing ROS
accumulation and oxidative damage of cellular protein.
Curr. Microbio. 65: 122-127.DOI 10.1007/s00284-012-
01334.

Blackstone, G. M., Nordstrom, J. L., Vickery, M. C. L.,
Bowen, M. D., Meyer, R. F. and De Paola, A. 2003.
Detection of pathogenic Vibrio para haemolyticus
in oyster enrichments by real time PCR. J. Microbiol.
Methods. 53:149-155

Boy-Marcotte, E., Lagniel, G., Perrot, M., Bussereau, F.,
Boudsocq, A., Jacquet, M.and Labarre, J. 1999. The
heat shock response in yeast: differential regulations
and contributions of the Msn2p/Msn4p and Hsflp
regulons. Mol. Microbiol. 33: 274-283.

Brewster, J. L., de Valoir, T., Dwyer, N.D., Winter, E. and
Gustin, M.C. 1993. An osmosensing signal
transduction pathway in yeast. Science. 259: 1760—
1763.

Buzzini, P., Branda, E. M., Goretti, B. and Turchetti.2012.
Psychrophilic yeasts from worldwide glacial habitats:
diversity, adaptation strategies and biotechnological
potential, FEMS Microbiol. Ecol. DOI: 10.1111/.1574-
6941.2012.01348 x.

Caceres, C. E. and Tessier, A.J. 2003. How long to rest: The
ecology of optimal dormancy and environmental
constraint. Ecology. 84:1189-1198.

Chen, J., Chen, J., Lane, S. and Liu, H. 2002. A conserved
mitogen-activated protein kinase pathway is required
for mating in Candida albicans. Mol. Microbiol. 46:
1335-1344.

Cloete, K.J., Valentine, A.J., Stander, M.A., Blomerus, L.M.
and Botha, A. 2009. Evidence of symbiosis between
the soil yeast Cryptococcus laurentii and a
sclerophyllous medicinal shrub, Agathosma betulina
(Berg.) Pillans. Microbial Ecol. T: 624-632.

Cordero-Bueso, G, Arroyo, T., Serrano, A., Tello, J., Aporta,
I. and Vélez, M.D. 2011. Influence of the farming
system and vine variety on yeast communities

associated with grape-berries. Int. J. Food Microbiol.
145: 132-139.

Csoma, H. and Sipiczki, M. 2008.Taxonomic re-
classification of Candida stellata strains reveals
frequent occurrence of Candida zemplinina in wine
fermentation. FEMS Yeast Res. 8: 328-336.

Csoma, H., Zakany, N., Capece, A., Romano, P. and Sipiczki,
M. 2010. Biological diversity of Saccharomyces
yeasts of spontaneously fermenting wines in four
wine regions: Comparative genotypic and phenotypic
analysis: Int. J. of Food Microbiol. 140: 239-248

Davidson, J. F. and Schiestl, R. H. 2001. Mitochondrial
respiratory electron carriers are involved in oxidative
stress during heat stress in Saccharomyces
cerevisiae. Mol. Cell. Biol. 21: 8483-8489.

De Jonge, P., De Jongh, F.C.M., Meijers, R., Steensma,
H.Y. and Scheffers, W.A. 1986. Orthogonal-field-
alternation gel electrophoresis banding patterns of
DNA from yeast. Yeast 2:193-204.

de Kok, S., Yilmaz, D., Daran, J. M., Pronk, J. T. and van
Maris, A.J. 2012. In-vivo analysis of Saccharomyces
cerevisiae plasma membrane ATPase Pmalp isoforms
with increased in vitro H+/ATP stoichiometry. A Van
Leeuw. 102:401-406. DOI: 10.1007/s10482-012-9730-
2.

Di Maro, E., Ercolini, D. and Coppola, S. 2007. Yeast
dynamics during spontaneous wine fermentation of
the Catalanesca grape. Int. J. Food Microbiol. 117:
201-210.

Enrique, J. C. B., Diego, L., Ana Isabel, B., Juan Uibeda, I.,
Patricia, P., Ian, R., Steve, J., Paula, B. M., and Carlos
A.R.2011. Yeasts biodiversity and its significance:
Case studies in natural and human-related
environments, ex-situ preservation, applications and



Shaik Naseeruddin, Jyosthna Khanna Goli and Linga Venkateswar Rao 97

challenges, changing diversity in changing
environment, Ph. D. Oscar Grillo (Ed.), [ISBN: 978-953-
307-796-3.

Esteve-Zarzoso, B., Belloch, C., Uruburu, F. and Querol,
A.1999. Identification of yeasts by RFLP analyses of
the 5.8S rRNA gene and the two ribosomal internal
transcribed spacers. Int. J. Syst. Bacteriol. 49: 329—
337.

Fedoseeva, 1. V., Varakina, N.N., Rusaleva, T. M., Borovskii,
G.B., Rikhvanov, E.G. and Voinikov, V.K. 2010. Effect
of calcium ions on the Hsp104 synthesis and heat

tolerance of Saccharomyces cerevisiae.
Microbiology 79:153-159.

Fiedurek, J., Gromada, A., Saomka, A., Korniaowicz-
Kowalska, T., Kurek, E. and Melke, J. 2003. Catalase
activity in Arctic micro fungi grown at different
temperatures, Acta Biol. Hung. 54: 105-112.

Fredlund, E., Druvefors, U., Boysen, E.M., Lingsten, K.
and Schnurer, J. 2002. Physiological characteristics
of the biocontrol yeast Pichia anomala J121. FEMS
Yeast Res. 2: 395-402.

Gadd, G. M., Chalmers, K. and Reed, R. H. 1987. The role of
trehalose in dehydration resistance of Saccharomyces
cerevisiae. FEMS Microbiol. Lett. 48: 249-254

Gallo, GJ., Prentice, H. and Kingston, R.E. 1993. Heat shock
factor is required for growth at normal temperatures
in the fission yeast Schizo saccharomyces pombe.
Mol Cell Biol. 13: 749-61.

Garcia-Vallve, S., Palau, J. and Romeu, A., 1999. Horizontal
gene transfer in glycosyl hydrolases inferred from
codon usage in Escherichia coli and Bacillus subtilis.
Mol Biol and Evol. 9: 1125-1134

Generoso, S., Viana, M., Santos, R., Martins, F., Machado,
J., Arantes, R., Nicoli, J., Correia, M. and Cardoso, V.
2010. Saccharomyces cerevisiae strain UFMG 905
protects against bacterial translocation preserves gut
barrier integrity and stimulates the immune system in
a murine intestinal obstruction model. Arch.
Microbiol. 192: 477-484.

Giardina, C. and Lis, J.T. 1995. Sodium salicylate and yeast
heat shock gene transcription. J. Biol. Chem. 270:
10369-10372.

Gomes, F,, Lacerda, L., Libkind, D., Lopes, C., Carvajal, J. Y.
and Rosa, C. 2009. Traditional Foods and Beverages
from South America: Microbial Communities and

Production Strategies. Nova Science Publishers, Inc.
2-27.

Gregory, I. L. and Andrew W. M. 2007. Estimating the Per-
Base-Pair Mutation Rate in the Yeast Saccharomyces
cerevisiae. Genetics 178: 67-82.

Guhad, F. A., Jensen, H.E., Aalbaek, B., Csank, C.,
Mohamed O, Harcus, D., Thomas, D.Y., Whiteway,
M. and Hau, J. 1998. Mitogen-activated protein
kinase-defective Candida albicans is a virulent in a

novel model of localized murine candidiasis. FEMS
Microbiol. Lett. 166: 135-139.

Hal, A., Joel, M., Elke, N., Gerald, R. Fink. and Gregory, S.
2006. Engineering yeast transcription machinery for
improved ethanol tolerance and production. Science
314:1565- 1568

Hansen, J. and Kielland-Brandt, M.C. 1994.
Saccharomyces carlsbergensis contains two
functional MET? alleles similar to homologues from
S. cerevisiae and S. monacensis. Gene 140: 33-40.

Hatzixanthis, K., Mollapour, M. 1. S., Bauer, B. E., Krapf, G,,
Schuller, C., Kuchler K., and Piper, P.W.
2003. Moderately lipophilic carboxylate compounds
are the selective inducers of the Saccharomyces
cerevisiae Pdr12p  ATP-binding  cassette
transporter. Yeast 20: 575-585. DOI: 10.1002/yea.98]1.

Henriques, M., Quintas, C. and Loureiro-Dias M. C.
1997. Extrusion of benzoic acid in Saccharomyces
cerevisiae by an energy-dependent mechanism.
Microbiology 143: 1877-1883. DOI: 10.1099/
00221287-143-6-1877.

Hierro, N., Esteve-Zarzoso, B., Mas, A. and Guillamon,
J.M. 2007. Monitoring of Saccharomyces and
Hanseniaspora populations during alcoholic
fermentation by real-time quantitative PCR. FEMS
Yeast Res.7: 1340-1349.

Hoekstra, J.M., T.M. Boucher, T.H. Ricketts, and C. Roberts
2005. Confronting a biome Crisis: Global disparities
of habitat loss and protection. Eco. Letters. 8: 23-29.

Holderby, J.M., and Moggio, W.A. 1960. Utilization of
spent liquor. J. Wat. Poll. Cont. Fed.2: 171-181.

Hottiger, T. De Virgilio, C., Hall, M. N., Boller, T. and
Wiemken, A. 1994. The role of trehalose synthesis for
the acquisition of Thermotolerance in yeast II.
Physiological concentrations of trehalose increase the

thermal stability of proteins in vitro. Eur. J. Biochem.
219: 187-193.

Hottiger, T., Boller, T. and Wiemken, A. 1989. Correlation
of trehalose content and heat resistance in yeast
mutants altered in the RAS/adenylate cyclase
pathway: is trehalose a thermoprotectant?. FEBS
Lett. 255:431-434.

Hunter, B. E., Sasha, L., Arun, C., Hiral, B. S., J. Christian,
P, Yiqi, Z., Mark, L. S., and Himanshu, S. 2012.
Polygenic cis-regulatory adaptation in the evolution
of yeast pathogenicity. Genome Res. 22:1930-1939.

Hyma, K.E., Saerens, S.M., Verstrepen, K.J. and Fay, J.C.
2011. Divergence in wine characteristics produced by
wild and domesticated strains of Saccharomyces
cerevisiae. FEMS Yeast Res. 11: 540-551.

Istokovics, A., Morita, N., Izumi, K., Hoshino, T., Yumoto,
1., Sawada, M.T., Ishizaki, K. and Okuyama, H. 1998.
Neutral lipids, phospholipids, and a betaine lipid of



08 Yeast diversity, adaptation and thermotolerance

the snow mould fungus Microdochium nivale. Can.
J. Microbiol. 44: 1051-1059.

Jack, W. Fell., Teun, B., Alvaro, F., Gloria S., and Adele,
S.T. 2000. Biodiversity and systematics of
basidiomycetous yeasts as determined by large-
subunit tDNA D1/D2 domain sequence analysis: Int.
J. Sys. and Evol. Microbiol. 50: 1351-1371

Jeffries, T.W. and Jin, Y.S. 2004. Metabolic engineering for
improved fermentation of pentoses by yeasts. Appl.
Microbiol. Biotechnol. 63: 495-509. DOI: 10.1007/
500253-003-1450-0

Jones, R.P., Pammet, N. and Greenfield, P.F. 1981. Alchol
fermentation by yeasts: the effect of environmental
and other variables. Process Biochem. 16: 42-49.

Kellner, F., Schellenberg, M. and Wiemken, A. 1982.
Localization of trehalose in vacuoles and of trehalose
in the cytosol of yeast (Saccharomyces cerevisiae).
Arch. Microbiol. 131: 298-301.

Kuge, S., Jones, N. and Nomoto, A. 1997. Regulation of
yAP-1 nuclear localization in response to oxidative
stress. EMBO J.16: 1710-1720.

Kurtzman, C.P. and Fell, J.W. 2006. Yeast systematics and
phylogeny-implications of molecular identification
methods for studies in ecology. In: Biodiversity and
Ecophysiology of Yeasts, The Yeast Handbook,
Springer, 11-30.

Kurtzman, C.P. and Fell, J.W. 1998. The Yeasts — A
taxonomic study (4™ Ed.), Elsevier Science B. V.,
Amsterdam, The Netherland, 627-634.

Kurtzman, C.P. and Robnett, C.J. 1998. Identification and
phylogeny of ascomycetous yeasts from analysis of
nuclear large subunit (26S) ribosomal DNA partial
sequences. A. Van Leeuw. 73: 331-371.

Kutty, S. N. and Philip, R. 2008. Marine yeasts—a review.
Yeast. 25: 465-483. DOI: 10.1002/yea.1599. PMID
18615863

Lachance, M.A. 2007. Current status of Kluyveromyces
systematics. FEMS Yeast Res. 7: 642—-645.

Lachance, M. A. and Starmer, W.T.1998. Ecology of yeasts.
In: The Yeasts — A taxonomic study (4™ Ed.) (Eds.:
Kurtzman, C.P. and Fell, J.W.), Elsevier, Amsterdam,
21-30.

Le Jeune, C., Lollier, M., Demuyte, C., Erny, C., Legras,
J.L., Aigle, M. and Masneuf-Pomare‘de, 1.2007.
Characterization of natural hybrids of Saccharomyces
cerevisiae and Saccharomyces bayanus var. uvarum.
FEMS Yeast Res. T: 540-549.

Lesage, G., and Bussey, H. 2006 Cell wall assembly in
Saccharomyces cerevisiae. Microbiol. Mol. Biol. Rev.

70:317-343.

Levin, D.E. 2005. Cell wall integrity signaling in
Saccharomyces cerevisiae. Microbiol. Mol. Biol. Rev.
69:262-291.

Libkind, D., Hittinger, C.T., Valerio, E., Goncalves, C., Dover,
J., Johnston, M., Gongalves, P. and Sampaio, J. P.2011.
Microbe domestication and the identitication of the

wild genetic stock of lager brewing yeast. Proc. Natl.
Acad. Sci. 108: 14539-14544.

Lindquist, S., and Kim, G. 1996 Heat-shock protein 104
expression is sufficient for thermotolerance in yeast.
Proc. Natl. Acad. Sci. U.S.A. 93: 5301-5306.

Liu, J., Wisniewski, M., Droby, S., Norelli, J., Hershkovitz,
V., Tian, S. and Farell, R. 2012. Increase in antioxidant
gene transcripts, stress tolerance and biocontrol
efficacy of Candida oleophila following sublethal
oxidative stress exposure. FEMS Microbi. Ecol. 80:
578-590

Lopandic, K., Tiefen brunner,W., Gangl, H.,Mandl, K.,
Berger, S., Leitner, G., Abd-Ellah, G A.,Querol, A.,
Gardner, R.C., Sterflinger, K. and Prillinger, H. 2008.
Molecular profiling of yeasts isolated during
spontaneous fermentations of Austrian wines. FEMS
Yeast Res. 8:1063-1075.

Lyons, T.P. 1981. Gasohol, a step to energy independence.
Lexington, Ky. (271, Gold Rush Rd., Lexington 40503):
Alltech Technical Publishers.

Madeo, F., Herker, E., Maldener, C., Wissing, S., Lichelt,
S., Herlan, M., Fehr, M., Lauber, K., Sigrist, S.J.,
Wesselborg, S. and Frohlich, K.U. 2002. A caspase-
related protease regulates apoptosis in yeast. Mol.
Cell.9:911-917.

Manceau, M., Domingues, V.S., Mallarino, R. and
Hoekstra, H.E. 2011. The developmental role of Agouti
in color pattern evolution. Science 331:1062-1065

Milanovic. V., Comitini. F. and Ciani, M. 2013. Grape berry
yeast communities: Influence of fungicide treatments.
Int J of Food Microbiol. 161: 240-246.

Mills, D.A., Johannsen, E.A. and Cocolin, L. 2002. Yeast
diversity and persistence in botrytis-affected wine
fermentations. Appl. Environ. Microbiol. 68: 4884-
4893.

Muller, L.A.H., Lucas, J. E., Georgianna, D. R. and Mc
Cusker, J.H. 2011. Genome-wide association analysis
of clinical vs. nonclinical origin provides insights into

Saccharomyces cerevisiae pathogenesis. Mol. Ecol.
20: 4085-4097.

Muratore, G., Asmundo, C. N., Lanza, C. M., Caggia, C.,
Licciardello, F. and Restuccia, C. 2007. Influence of
Saccharomyces uvarum on volatile acidity, aromatic
and sensory profile of Malvasia delle Lipari wine. Food
Technol. Biotechnol. 45:101-106.

Naumov, GI., Masneuf, I., Naumova, E.S., Aigle, M. and
Dubourdieu, D. 2000. Association of Saccharomyces
bayanus var. uvarum with some French wines: genetic

analysis of yeast populations. Res. Microbiol.
151:683-691.



Shaik Naseeruddin, Jyosthna Khanna Goli and Linga Venkateswar Rao 99

Naumov, GI., Naumova, E.S., Antunovics, Z. and Sipiczki,
M. 2002. Saccharomyces bayanus var. uvarum in
Tokaj wine-making of Slovakia and Hungary. Appl.
Microbiol. Biotechnol.59: 727-730.

Navarrete, C., Siles, A., Martynez, J.L.., Fernando, C. and
Ramos, J. 2009. Oxidative stress sensitivity in
Debaryomyces hansenii. FEMS Yeast Res. 9: 582—
590.

Navarro-Garcia, F., Sanchez, M., Pla. J. and Nombela, C.
1995. Functional characterization of the MKCI gene
of Candida albicans, which encodes a mitogen-
activated protein kinase homolog related to cell
integrity. Mol. Cell Biol. 15: 2197-2206.

Nevoigt, E. 2008. Progress in metabolic engineering of

Saccharomyces cerevisiae. Microbiol. Mol. Biol. Rev.
72:379-412

Nguyen, H.-V. and Gaillardin, C. 1997. Two subgroups
within the Saccharomyces bayanus species evidenced
by PCR amplification and restriction polymorphism
of the non transcribed spacer 2 in the ribosomal DNA
unit. Syst. Appl. Microbiol. 20: 286-294

O’ Donnell K. 1993. Fusarium and its near relatives. In:
The fungal holomorph: mitotic, meiotic and
pleomorphic speciation in fungal systematics (Eds.:
Reynolds, D.R. and Taylor, J.W.), CAB International,
Wallingford, UK. pp. 225-233.

Paivi, Y., Carl, J. F. and Mohammad, J. T. 2011. Ethanol
production at elevated temperatures using
encapsulation of yeast. J. Biotechnol. 156: 22— 29

Pathan, A.A.K., Bhadra, B., Begum, Z. and Shivaji, S. 2010.
Diversity of yeasts from puddles in the vicinity of
Midre Lovenbreen glacier, Arctic and bio prospecting
for enzymes and fatty acids. Curr. Microbiol. 60: 307—
314.

Piper, P., Mahe Y., Thompson, S., Pandjaitan, R., Holyoak,
C., Egner, R., Muhlbauer, M., Coote, P., and Kuchler,
K. 1998. The pdr12 ABC transporter is required for
the development of weak organic acid resistance in
yeast. The EMBO J. 17: 4257-4265. DOI: 10.1093/
emboj/17.15.4257.

Piper, P.W. 1993. Molecular events associated with
acquisition of heat tolerance by the yeast

Saccharomyces cerevisiae. FEMS Microbiol. Rev. 11:
339-356.

Reding, L. P.,, Swaddle, J. P., and Murphy, H. A. 2013 Sexual
selection hinders adaptation in experimental
populations of yeast. Biol. Lett. 9 (3), DOI:10.1098/
rsbl.2012.1202.

Reverter - Branchat, G., Cabiscol, E., Tamarit, J. and Ros, J.
2004. Oxidative damage to specific proteins in

replicative and chronological aged Saccharomyces
cerevisiae. J Biol Chem.279:31983-31989.

Roetzer, A., Klopf, E., Gratz, N., Marcet-Houben, M., Hiller,
E., Rupp, S., Gabaldon, T., Kovarik, P., and Schuller,

C. 2011 . Regulation of Candida glabrata oxidative
stress resistance is adapted to host environment.
FEBS Lett. 585:319-327.

Roxas, A.S., and Anguila, N.P. 1971. Development of yeast
strain and/ or isolates for high alcoholic fermentation
temperature. Sugar News. 47: 116-169.

Sazawal, S., Hiremath, G., Dhingra, U., Malik, P., Deb, S.
and Black, R.E. 2006. Efficacy of probiotics in
prevention of acute diarrhoea: a meta-analysis of
masked, randomised, placebo-controlled trials. The
Lancet Infect. Dis. 6: 374-382.

Serrano, R., Kiellandbrandt, M. C. and Fink, G. R. 1986. Yeast
plasma-membrane ATPase is essential for growth and
has homology with (Na*+K"*), K*- and Ca-2"-
Atpases. Nature. 319: 689-693.

Singer, M.A. and Lindquist, S. 1998. Thermotolerance in
Saccharomyces cerevisiae: the Yin and Yang of
trehalose. Trends Biotechnol. 16: 460-468.

Singh, Purnima, Tsuji, Masaharu, Singh, Shiv Mohan, Roy,
Utpal, and Hoshino, Tamotsu. 2013. Taxonomic
characterization, adaptation strategies and
biotechnological potential of cryophilic yeasts from
ice cores of Midre Lovénbreen glacier, Svalbard,
Arctic. Cryobiology 66: 167-175.

Sipiczki, M. 2004. Species identification and comparative
molecular and physio- logical analysis of Candida
zemplinina and Candida stellata. J. Basic
Microbiol .44: 471-479.

Sniegowski, P.D., Dombrowski, P.G. and Fingerman, E. 2002.
Saccharomyces cerevisiae and Saccharomyces
paradoxus coexist in a natural woodland site in North
America and display different levels of reproductive
isolation from European conspecifics. FEMS Yeast
Research.1:299-306.

Soka, S. and Susanto, A. 2010. Genetic Diversity of Yeasts
from Fermented Orange Juice Based on PCR-RFLP
and Sequence Analysis of the Internal Transcribed
Spacer Regions. Microbiol. Indones. 4(1): 1-5

Sola-Penna, M. and Meyer-Fernandes, J.R. 1998.
Stabilization against thermal inactivation promoted
by sugars on enzyme structure and function: why is
trehalose more effective than other sugars. Arch.
Biochem. Biophys. 360: 10—14.

Suh, S.0O., McHugh, J.V., Pollock, D.D. and Blackwell, M.
2005. “The beetle gut: a hyper diverse source of novel
yeasts”. Mycological Research 109: 261-265.
DOI:10.1017/S0953756205002388. PMC 2943959.
PMID 15912941

Suthee, Benjaphokee, Daisuke, Hasegawa, Daiki, Yokota,
Thipa, Asvarak, Choowong, Auesukaree, Minetaka,
Sugiyama, Yoshinobu, Kaneko, Chuenchit,
Boonchird, and Satoshi, Harashima 2012. Highly
efficient bioethanol production by a Saccharomyces
cerevisiae strain with multiple stress tolerance to high



100

temperature, acid and ethanol. New Biotechnology
29:379-386.

Tessonniere, H., Vidal, S., Barnavon, L., Alexandre, H. and
Remize, F. 2009. Design and performance testing of a
real-time PCR assay for sensitive and reliable direct
quantification of Brettanomycesin wine. Int. J. Food
Microbiol 129: 237-243.

Tiago, F.C.P., Martins, FE.S., Rosa, C.A., Nardi, RM.D.,
Cara, D.C. and Nicoli, J.R. 2009. Physiological
characterization of non-Saccharomyces yeasts from
agro-industrial and environmental origins with
possible probiotic function. World J. Microb. Biot.
25: 657-666.

Toone, W.M., Kuge, S., Samuels, M., Morgan, B.A., Toda,
T., and Jones, N. 1998. Regulation of the fission yeast
transcription factor Papl by oxidative stress:
requirement for the nuclear export factor Crml
(Exportin) and the stress activated MAP kinase Sty1/
Spcl. Genes Dev. 12: 1453-1463.

Tosi, E., Azzolini, M., Guzzo, F. and Zapparoli, G. 2009.
Evidence of different fermentation behaviours of two
indigenous strains of Saccharomyces cerevisiae and
Saccharomyces uvarum isolated from Amarone wine.
J. Appl. Microbiol. 107:210-218.

Uetake, J., Yoshimura, Y., Nagatsuka, N. and Kanda, H.
2012. Isolation of oligotrophic yeasts from supra
glacial environments of different altitude on the
Gulkana Glacier (Alaska). FEMS Microbiol. Ecol. DOI:
10.1111/.1574-6941.2012.01323.

Van Laere, A. 1989. Trehalose, reserve and/or stress
metabolite? FEMS Microbiol. Rev. 63: 201-210.

Walker, K., Skelton, H. and Smith, K. 2002. “Cutaneous
lesions showing giant yeast forms of Blastomyces
dermatitidis”. J. Cutan. Pathol. 29: 616-618.
DOI:10.1034/j.1600-0560.2002.291009.x. PMID
12453301

Wang, Q.M., Liu, W.Q., Liti, G, Wang, S.A. and Bai, FY.
2012. Surprisingly diverged populations of
Saccharomyces cerevisiae in natural environments
remote from human activity. Molecular Ecol. 21:
5404-5417.

Wang, S.A. and Bai, F.Y. 2008. Saccharomyces arboricolus
Sp. nov., a yeast species from treebark.. Int. J. Syst.
Evol. Microbiol. 58: 510-514.

Yeast diversity, adaptation and thermotolerance

Warringer, J., Zorgo, E., Cubillos, FA., Zia, A., Gjuvsland,
A., Simpson, J.T., Forsmark, A., Durbin, R., Omholt,
S.W., Louis, E. J., Liti, G, Moses, A. and Blomberg, A.
2011. Trait variation in yeast is defined by population
history. PLoS Genetics. 7: €e1002111. doi:10.1371/
journal.pgen.1002111

Welander, U. 2005. Microbial degradation of organic
pollutants in soil in a cold climate. Soil Sediment
Contam.14:281-291.

Xu-Cong Lv, Xiao-Lan Huang, Wen Zhang, Ping-Fan Rao
and Li Ni. 2013. Yeast diversity of traditional alcohol
fermentation starters for Hong Qu glutinous rice wine
brewing, revealed by culture-dependent and culture-
independent methods. Food Control. 34: 183-190

Yoshimoto, H., Saltsman, K., Gasch, A.P., Li, H.X., Ogawa,
N., Botstein, D., Brown, P.O. and Cyert, M.S. 2002.
Genome wide analysis of gene expression regulated
by the calcineurin/Crzlp signaling pathway in
Saccharomyces cerevisiae. J. Biol. Chem. 277:
31079-31088.

Zanello, G., Meurens, F., Berri, M., Chevaleyre, C., Melo,
S., Auclair, E. and Salmon, H. 2011. Saccharomyces
cerevisiae decreases inflammatory responses induced
by F* enterotoxigenic Escherichia coli in porcine
intestinal epithelial cells. Ver. Immuno. Immunop. 141:
133-138.

Zhang, Min., Xiao, Yu., Zhu, Rongrong., Zhang, Qin. and
Wang, Shi-Long. 2012. Enhanced thermotolerance and
ethanol tolerance in Saccharomyces cerevisiae
mutated by high-energy pulse electron beam and
protoplast fusion. Bioprocess Biosyst. Eng. DOLI:
10.1007/s00449-012-0734-0.

Zhang, X., De Micheli, M., Coleman, S.T., Sanglard, D.
and Moye-Rowley, W.S. 2000. Analysis of the
oxidative stress regulation of the Candida albicans
transcription factor, Cap1p. Mol. Microbiol. 36: 618—
629.

Zhu, H., Xu,J.Z.,Li, S.Q., Sun, X.Y., Yao, S.D. and Wang,
S.L.2008. Effects of high-energy-pulse-electron beam
radiation on bio macromolecules. Sci. China Ser. B
51:86-91.

Zott, K., Claisse, O., Lucas, P., Coulon, J., Lonvaud-Funel,
A. and Masneuf-Pomarede, I. 2010. Characterization
of the yeast ecosystem in grape must and wine using
real-time PCR Food. Microbiology 27: 559-567.



	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23

