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1. INTRODUCTION   
 
The evolution and activity of the microbial communities during the fermentation has been described 
for several wine growing regions in the world (Baleiras Couto et al., 2005; Fernandez et al.,1999; 
Ganga and Martinez, 2004; Gonzales et al., 2007; Hierro et al. 2006b; Lopandic et al.; 2008). The 
number of species and their activity during fermentation depends on several factors (Longo et al., 
1991; Pretorius et al., 1999). The consequence is a wine quality variation from region to region, but 
also from one year to another. The variability makes the outcome of spontaneous fermentation 
difficult to predict (Pretorius, 2000). 
 
Wine yeasts are distinct in two groups: non-Saccharomyces species, growing during the first 
stages of fermentation, and Saccharomyces spp., which become dominant when the ethanol 
concentration increases. 
 
During the alcoholic fermentation, wine yeasts are subjected to innumerable environmental stress. 
In fact, progressive nutrient depletion, increasing alcohol concentration, temperature and additions 
may affect their growth, and fermentation variability. Nutrient limitation, such as nitrogen deficiency, 
ethanol and additions of S02 are the main reasons for stuck fermentation. 
 
Natural wines from Biodynamic wine farms are generally characterized by the use of few additives, 
no addition of nutrients and no use of commercial wine yeasts during the alcoholic fermentation. In 
addition, biodynamic winemakers tend to minimize each intervention starting from the vineyard to 
the final product. Accordingly, biodiversity plays a central role in biodynamic wine farm. During 
spontaneous fermentation, dynamics of microbial population results in succession of different 
species/strains. Although an appreciable yeast diversity, usually only a limited number of 
Saccharomyces spp. strains dominate completely the alcoholic fermentation. Strains of 
Saccharomyces cerevisiae were isolated and characterized from two biodynamic wine farms in 
Tuscany. Studies related to the consequence of environmental stress on biodiversity were 
conducted. Our results indicate that the effect of sulphite even at low concentration, and the 
presence of high level of ethanol, induced a considerable variability among strains.
 
 
 
2. MATERIALS AND METHODS 
 
2.1 Yeasts  

Wine yeasts were isolated during the harvest of 2009 from biodynamic wine farms A and B. One 
hundred isolates of Saccharomyces spp. from farm A were collected during spontaneous 
fermentation in presence of 0, 2 and 7 g/hL of SO2.  Two hundred isolates were collected from 
farm B in the presence of 0 and 5 g/hL of SO2. 

 

 



LABAGNARA ET AL., BIODIVERSITY OF WINE YEAST IN RESPONSE TO ENVIRONMENTAL STRESS, PAG. 2 

WWW.INFOWINE.COM – INTERNET JOURNAL OF ENOLOGY AND VITICULTURE, 2014, N. 10/3 

2.2 Molecular identification of isolates  

The identification of yeast isolates were performed by PCR amplification and RFLP of the ITS1 and 
ITS2 regions. PCR products were digested with HaeIII enzyme in order to confirm each strain as 
likely belonging to Saccharomyces cerevisiae species. 

2.3 Genotypic characterization of Saccharomyces cerevisiae strains    

The bio-typing with different molecular techniques was performed in order to evaluate the genetic 
variability among strains. The amplification of genes coding for cell wall protein and containing 
minisatellite-like sequences and microsatellite analysis were chosen for strains discrimination. The 
strains were submitted to amplification of AGA1, DAN4 and HSP150 genes according to the 
protocol described by Marinangeli et al. (2004a, b). The amplification of three microsatellite loci, 
SC8132X, YOR267C and SCPTSY7 were performed as described by Vaudano et al. (2008).  PCR 
products were analysed by electrophoresis on a 1.4% agarose gel in 1 X TBE buffer.  
 
2.4 Technological characterization of S. cerevisiae strains 
 
Stress conditions, such as the presence of sulphur dioxide and ethanol were chosen as 
parameters for analysing the behaviour of each strain. The optical density at 600 nm evaluated the 
growth under different concentrations of sulphur dioxide after 24 hours. The test was performed 
with an increasing amount of SO2 added. All strains were grown in a synthetic grape must (MNS) at 
26°C with the addition of 40, 80,160 and 320 mg/L SO2 respectively.  The increase in cell number 
was determined by measuring the optical density of the cultures at 600 nm with at least three 
determinations. To test the effect of the presence of ethanol, strains were grown in YEPD Petri 
plates containing respectively 14%, 15%, 16% and 17% of ethanol. The presence or absence of 
growth was evaluated after 24 hours.  
 
 
 
3. RESULTS  
 
3.1 Molecular identification of isolates 
 
During the spontaneous fermentation of grapes in presence or absence of low level of SO2 added, 
yeast colonies were isolated and identified by restriction analysis of ITS region. Molecular 
identification of 60 Saccharomyces-like isolates from wine farm A and 40 from wine farm B 
confirmed them as belonging to Saccharomyces spp. RFLP of PCR products with HaeIII enzyme 
discriminated yeasts among the species Saccharomyces. RFLP-ITS technique revealed that each 
strain belongs to Saccharomyces cerevisae.  

3.2 Genotypic characterization of S. cerevisiae strains    
 
The amplification of AGA1 gene produced a single PCR fragment of 1500 bp for all the strains, 
whereas the amplification of DAN4 gene yielded two different amplicons of variable lengths. In 
addition, HSP150 gene amplification generated different PCR products between 1200 bp and 300 
bp, (data not shown). Multiplex PCR with the amplification of microsatellites loci, (SC8132X, 
YOR267C and SCPTSY7) revealed one to three different amplicons (Figure 1 and 2). Five different 
biotypes were identified from wine farm A (Fig. 1), showing different profiles related to the number 
and length of amplicons. Eight different profiles were found from wine farm B (Fig. 2), exhibiting 
two-three PCR fragments by microsatellite multiplex PCR analysis.  
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Fig. 1 - Electrophoretic patterns of 5 biotypes of S. cerevisiae obtained from microsatellite-like analysis in 
wine farm A.  

 
Fig. 2 - Electrophoretic patterns of 8 biotypes of S. cerevisiae obtained from microsatellite-like analysis in 
wine farm B. 

 
 
3.3 Technological characterization of S. cerevisiae strains 
 
Thirteen S. cerevisiae biotypes were investigated for technological characterization. The effect on 
the growth of SO2 added revealed different biotypes performance in presence of different 
concentrations of sulphur dioxide. The optical density at 600 nm after 24 hours was evaluated. The 
values reported in fig. 3 expressed the optical density after 24 hours divided the optical density at 
inoculation; values are means of at least three determinations.  
 
All the S. cerevisiae biotypes highlighted different growth activities, even at zero concentration of 
SO2, confirming a certain natural biodiversity. Starting from the comparison between the control 
and the values of O.D. at 40 mg/L of SO2, biotypes 1A and 3A evidenced no significant differences, 
but 5A expressed a higher growth at 40 mg/L of SO2 in comparison with the control. Moreover, 
biotypes from wine farm B evidenced a clear sensibility to this low concentration. In fact, the 
behaviours of biotypes were similar showing a medium decrease of 20 in O.D. Biotypes 4B 
revealed a minor decline in growth activity evidencing a tolerance to low levels of sulphur dioxide. 
Biotype 5B highlighted a singular performance; in fact, it showed the lowest growth activity in all 
the concentrations of SO2.   
 
With an increasing of sulphur dioxide concentration (80 mg/L of SO2 added), the decrease of 
growth among biotypes was more expressed; In fact, the activity of biotypes was settled among 10 
and 60. However, biotypes 2A, 3A, 5A, 7B and 8B exhibited similar decreases in 80 mg/L of SO2.  
 
160 mg/L of SO2 limited the growth of each biotype. Accordingly, the range of growth was 
restricted from 5 to 20. Four biotypes, such as 1A, 3A, 5A and 4B exhibited comparable activities, 
which assessed around 18. Further, biotypes expressed a low tolerance to sulphur dioxide at 
highest concentration (320 mg/L of SO2) and the growth was restricted to a small number of 
biotypes. Moreover, 1A, 3A, 5A and 4B evidenced a minimal growth at this level of SO2. 
Furthermore, biotypes 1A expressed the highest activity in all the concentrations, even if it 
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expressed a middle development. Moreover, biotype 8B resulted highly sensitive to SO2 growing 
between 5 and 10. Additionally, biotypes 3B, 6B, 7B and 8B resulted highly sensitive to SO2 
growing lower at high concentrations of SO2. S. cerevisiae biotypes identified and characterised 
from wine farm A evidenced more resistance or tolerance to sulphur dioxide then biotypes from 
wine farm B, probably related to the use of the highest amount of SO2 added (7 g/hL). 
Consequently, it allowed biotypes to express several mechanisms of resistance to sulphur dioxide 
related to their growth activity.  
 
Certain variability among biotypes was found also for ethanol resistance. Data shown in tab.1 
highlighted biotypes resistance to diverse concentrations of ethanol. No active growth was 
observed in presence of 17% ethanol. Biotypes 1A and 2A grew until a concentration of 15% 
ethanol, while the others revealed a high sensitivity to ethanol 14%. Biotypes from wine farm B 
evidenced more variability then the previous ones.  Biotypes 2B and 4B resulted sensitive to 
ethanol, showing no growth at 14% of ethanol, whereas 1B and 7B demonstrated a positive growth 
at the same concentration. 3B proved a high resistance to ethanol (16%); the other biotypes 
expressed a medium resistance in presence of 15 % of ethanol.     
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Fig.3 - Effects of SO2 on the growth. Values = optical density after 24 h/optical density at inoculation. Values 
are means of at least three determinations.  
 

 
Strains  EtOH 

0% 
EtOH 
14% 

EtOH 
15% 

EtOH 
16% 

EtOH 
17% 

1 A  + + + - - 
2 A  + + + - - 
3 A  + - - - - 
4 A + - - - - 
5 A + - - - - 
1 B + + - - - 
2 B + - - - - 
3 B + + + + - 
4 B + - - - - 
5 B + + + - - 
6 B + + + - - 
7 B  + + - - - 
8 B  + + + - - 
Tab. 1 - Resistance to different levels of Ethanol.  
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4. CONCLUSION  
Saccharomyces cerevisiae biotypes, isolated from spontaneous fermentation of grapes with 
different level of SO2 added and characterized by a significant polymorphism, represent a source 
of biodiversity. A promising field could be the use of the isolated strains to improve fermentation 
dynamics when needed, depending on specific farm necessities. The characterization for traits of 
resistance to environmental stress revealed some stress-adaptation mechanisms that allow the 
survival in the challenging environment of fermenting must.  
 
The majority of biotypes were influenced by the presence of even low level of SO2 (40 mg/L). More 
than half of biotypes tolerated the concentration of 80 mg/L of SO2, showing a certain growth 
activity (Fig. 3). With an increase of SO2 added up to 160 mg/L, the capacity of growth decreased 
appreciably in all the strains, but specifically in those originating from wine farm B (Fig. 3). 16% of 
ethanol limited the growth of almost all biotypes assayed and a decrease in growth was highlighted 
at 15% ethanol. Different doses of sulphite in wine fermentation induced a considerable variability 
among biotypes that expressed very different traits relating to SO2 and ethanol.  
 
The present work highlights that even moderate variations in stress conditions might affect the 
biodiversity in fermenting musts. It suggests that the impact of even low S02 added is determinant 
to moderate biodiversity and, as a consequence, it might deeply affect the organoleptic wine profile. 
Further gene-specific investigation will contribute to reveal the complex mechanism of resistance to 
environmental stress condition.      
 
                                                                                                               . 
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ABSTRACT 
Alcoholic fermentation is generally performed by Saccharomyces spp., especially by the principal 
wine yeast Saccharomyces cerevisiae. The wide variety of natural yeasts reflects the biodiversity, 
in most grape musts. During spontaneous fermentation, dynamics of microbial population results in 
successions of different strains, which contribute to the aromatic complexity and diversity of the 
wine. In the present work, Saccharomyces cerevisiae strains were isolated in 2009 during the 
harvest from biodynamic wine farms of Tuscany, starting from Syrah musts with zero or low levels 
of added sulphite, according to the tendency of “natural wines” producers to abate every invasive 
operation during wine making. By means of molecular techniques, thirteen different profiles of 
Saccharomyces cerevisiae strains were identified from a hundred isolates. The collected 
Saccharomyces cerevisiae strains were characterized, in order to verify the effect of low sulphite 
addition on biodiversity, pursuing information about stress-adaptation mechanisms that allow the 
survival in the challenging environment of fermenting must. Sulphite addition may act as a 
selective factor to induce the presence and the activity of strains with diverse features about 
sulphite metabolism. The different additions of sulphite induced a considerable variability among 
strains. Moreover, increasing levels of ethanol limited considerably the activity of the selected 
strains. Further gene-specific investigation may contribute to reveal the complex mechanism of 
resistance to environmental stress condition. 
 


