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Abstract: Twenty yeast strains were isolated from grapes from Egypt under different concentrations of 
ethanol which used as a selective agent. The obtained results clearly showed that the highest record of 
the ethanol productivity were 11.0 % and 10.0 % (v/v) which was obtained by strain No. 17/12 at 30 
and 40 oC, respectively. Molecular identification methodology used included PCR amplification of 
both internal transcribed spacer (ITS) and 5.8 rDNA region. The results showed that the positive 
amplification by all specific primers in all tested strains in comparison with the reference strain 
(Saccharomyces cerevisiae NRRL Y-139). DNA sequencing of the ITS1 and 5.8 ITS rDNA regions 
was also conducted for the differentiation of the superior strain and the reference strain (S. cerevisiae 
NRRL Y-139) by comparative GenBank sequence analysis. Strain No. 17/12 had ITS and 5.8S rDNA 
sequences similar to the sequences of references strain S. cerevisiae NRRL Y-139 and other sequences 
of Saccharomyces strains from GeneBank. The superior ethanolic strain (No. 17/12) was located in the 
same cluster with the reference strain (S. cerevisiae NRRL Y-139), but it was in the different cluster 
with other species strains of  Saccharomyces from GeneBank. These results clearly illustrate that 
polymorphisms in ITS regions and 5.8S rDNA could to be useful and convenient taxonomic tools for 
rapid identification at species level of unknown or isolated strains. Finally, the DNA sequences from 
this study obviously suggested that the superior ethanolic strains were S. cerevisiae. 
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INTRODUCTION 
 
 The main characteristic of the yeasts is that they induce the fermentation of simple carbohydrates 
anaerobically with the release of alcohol and carbon dioxide. In traditional alcoholic fermentation is carried out 
by spontaneous yeasts present in grape juice that commences in the vineyard. The great majority of studies on 
the microbiological aspects of winemaking have focused mainly on yeasts belonging to the Saccharomyces 
genus that are usually employed in alcoholic fermentation (Barrajón et al., 2009). However, in grape skin, and 
during the early stages of fermentation, there is substantial growth of non-Saccharomyces yeasts (Arévalo-
Villena et al., 2007).  
 Although the availability of several S. cerevisiae industrial strains used for ethanol production, strains 
isolated from grapes are usually more adapted to their own tolerant and producer of high amount of ethanol. 
Grapes and partially related for potent strains that frequently identify as tolerant and producer of ethanol. So, the 
yeast strains isolated from grapes were studied in order to isolate and characterize S. cerevisiae strains that could 
be used for high ethanol production. Strain identification has traditionally relied on macroscopic colony 
characteristics and microscopic morphology, which may require several days of culture. Thus, nucleic acid-
based methods that identify species of Saccharomyces independent of morphology are now being developed to 
augment or replace morphological identification methods. Molecular methods were used for the identification of 
yeast from products like wine (Lopez et al., 2003), orange juice (Heras- Vazquez et al., 2003), cheese 
(Vasdinyei and Deak, 2003), yoghourt (Caggia et al., 2001), and ‘‘alpeorujo’’ (Giannoutsou et al., 2004), a 
residue from olive oil production. 
 The most relevant molecular methods used in the identification of yeast species are based on the variability 
of the ribosomal genes 5.8S, 18S and 26S rRNA (Cai et al., 1996; James et al., 1996; Kurtzman, 1992). The 
interest in ribosomal genes for species identification comes from the concerted fashion in which they evolve 
showing a low intraspecific polymorphism and a high interspecific variability (Li, 1997). Previous results have 
demonstrated that the complex ITS regions (non-coding and variable) and the 5.8S rDNA gene (coding and 
conserved) are useful in measuring close fungus phylogenetic relationships since they exhibit far greater 
interspecific differences than the 18S and 26S rDNA genes (Cai et al., 1996; James et al., 1996; Kurtzman, 
1992). 
 DNA sequencing of the ITS1 and 5.8 ITS rDNA regions was also conducted for the differentiation of 
superior ethanolic producer strains and the reference strain (S. cerevisiae NRRL Y-139) by comparative 
GenBank sequence analysis. In this study we determined ethanol production of different yeast strains which 



Aust. J. Basic & Appl. Sci., 6(4): 16-24, 2012 
 

17 
 

isolated from grape samples and identified some superior ethanolic producers by molecular methods based on 
sequencing of internal transcribed spacer1(ITS1) and 5.8S rDNA regions.  
 

MATERIALS AND METHODS 
 
Isolation of Yeasts: 
 The yeast species were isolated from the surfaces of grapes from different sources. Grapes were submerged 
in about 50 ml double-distilled water and shaken for 30 min at 100 rpm. At this stage, the samples were 
aseptically taken and carried to the laboratory under refrigeration. Aliquots of several dilutions were spread onto 
malt extract agar (0.3% yeast extract, 0.3% malt extract, 0.5% peptone, 1% glucose, 2% agar) supplemented 
with 8, 10 and 12% (v/v) of ethanol to select the ethanol tolerant and producer strains. The plates were incubated 
until colony development at 30oC for 2 days; colonies from each sample were randomly taken and preserved 
onto yeast extract peptone dextrose (YEPD) agar slants and stored at 4oC for further investigations. Isolates of 
each Saccharomyces species, including type culture strains, were grown on YEPD to confirm their purity and 
species identity using traditional macroscopic and to generate sufficient growth for fermentation and  DNA 
extraction. 
 
Evaluation of New Isolates for Ethanol Production: 
 Submerged fermentation was carried out in 250 ml conical flask, inoculating with a fresh culture of all 
tested yeast in 150 ml fermentation medium (g/l): glucose, 150; yeast extract, 2.0; (NH4)2SO4, 4.0; NaCl, 1.0; 
MgSO4.7H2O, 0.7 and KH2SO4 according to Rose and Harrison, (1971). Flasks were incubated with shaking 
(150 rpm) at 30 oC or 40 oC for 72 hours. The produced ethanol was determined by chemical oxidation 
according to Arthur and Wright, (1969). 
 
Isolation of Genomic DNA from Yeast Strains: 
 Genomic DNA was isolated according to Khattab (1997). The quantity and purity of the obtained DNA 
were determined according to the UV-absorbance at 260 and 280 nm using spectrophotometer (Shimadzu UV-
VIS model UV-240) according to Sambrook et al., (1989). 
 
PCR Amplification and DNA Sequencing: 
 Sequences of partial gene region with length 365 bp and full sequence with length 156 bp were amplified 
for the ITS1 and 5.8S rDNA genes, respectively. The PCR primers for the ITS1 gene region were the same as 
those reported by Mokhtari et al., (2011), the forward primer (ITS1 F) 5'-TCCGTAGGTGAACCTGCGG-3' and 
the reverse primer (ITS1 R) 5'- GCTGCGTTCTTCATCGATGC- 3'.  
 Primers for the 5.8S rDNA gene region were designed based on DNA sequences of Saccharomyces 
cerevisiae from GeneBank using primer3 program (http://fokker.wi.mit.edu/primer3/input-030.htm) (Rozen and 
Skaletsky, 2000). The forward primer (5.8ITS F) 5'- GAAGACAAGAGATGGAGA GTCC -3' and the reverse 
primer (5.8ITS R) 5' -GGTAAAACCTAAAACGACCGT A- 3'. The PCR mixture was prepared to the total 
volume of 25 μl containing 50–100 ng DNA template, 50 mM KCl, 10 mM Tris-HCl pH 8.3, 1.5 mM MgCl2, 
2.5 pM of each primers and 200 μM of each dNTP and 1 unit of Taq polymerase. Amplification was carried out 
as follows: 95°C for 3 min. followed by 35 cycles of 60 sec. at 95°C, 60 sec. at 55°C for annealing, 90 sec. at 
72°C, and finally with 5 min. at 72°C for further extension.  
 The amplified DNA products were electrophorated on 1% agarose gel and 1 X TBE buffer at consistent 100 
volt for about 2 hrs. The different band sizes were determined against 100 bp ladder and the separated bands 
were stained with 0.5 µg/ml ethidium bromide and photographed using Gel Documentation System with UV 
Transeliminator. PCR products were purified using PCR Clean-Up System (Fermentas). The purified products 
were directly sequenced using the ABI automatic sequencer. Sequences obtained in this study will be deposited 
in the GenBank database.  
 
Data Analysis: 
 DNA sequences obtained for each region were checked and assembled using the ATGC program ver. 4 
(GENETYX CORPORATION). Sequence alignments were done with CLUSTAL X program (Thomson et al., 
1997) and adjusted manually using BioEdit program (Hall, 1999). DnaSP program ver. 4.0 (Rozas et al., 2003) 
was used to estimate the level of nucleotide polymorphism. To infer relationships among strains neighbor-
joining (NJ) trees (Saitou and Nei, 1987) were constructed including gaps using CLUSTALX program 
(Thomson et al., 1997). 
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RESULTS AND DISCUSSION 
 
 To obtain the higher ethanol producing Saccharomyces sp. isolates, different grapes samples were used 
under different concentration of ethanol as a selective agent. The new highest ethanol producers were introduced 
into the molecular analysis to identify the specie of the superior strain in comparisons of the reference strain of 
Saccharomyces cerevisiae NRRL Y-139. 
 
Isolation and Evaluation of Highly Ethanol Yeast Producers: 
 The best way for the obtaining of yeasts which produced ethanol was isolation under ethanol stress. This 
condition was selected only colonies which growth like yeast (twenty isolates), produced and tolerated of 
ethanol. Data in Table (1) showed that the highest records of the ethanol productivity were 11.0 % and 10.4 % 
(v/v) which were obtained from strain No. 17/12 and strain No. 20/12, respectively. The following strain for 
high ethanol productivity was strain No. 18/12. The highest records of the ethanol productivity were obtained 
after isolation the yeast strains in the presence of 12 % (v/v) of ethanol. On the other hand, the lowest record of 
the ethanol production following after 72 hrs of incubation was 6.0 % (v/v) which was from the strain No. 7/8.  
The obtained  results exhibited that, among the twenty tested isolates, both ethanol production and tolerance 
were positively correlated and  are in complete accordance with those obtained by Nagodawithana and 
Steinkrous (1976), Stwart (1981), Brooks (2008), Moneke et al., (2008), and Mehdikhani et al., (2011). 
 
Evaluation of Highly Ethanol Yeast Producers at 40 oC: 
 In order to determine the thermotolerance of the isolated strains, all the collected strains were subjected to 
ethanol determination using fermentation medium at 40 oC for 72 hrs. Data in table (2) showed that the ethanol 
production at 30 oC proved to be more optimal for high production by all of the tested strains. Moreover, Data in 
table (2) clearly showed that the highest ethanol productivity were 10.0 % and 9.5 % (v/v) which were obtained 
from strain No.17/12 and strain No.18/12, respectively. On the other hand, the lowest record of the ethanol 
production after 72 hrs of incubation was 4.5 % (v/v) which was obtained from the strain No. 6/8. Yeasts that 
grow at 40 oC and above are considered to be thermotolerant (Panchal and Tavares 1990). In the absence of 
cooling, internal temperature in the fermentation vats can reach up to 42 ºC. Yeast strains that were able to grow 
at 40 oC would mean significant cost savings during fermentation process. Ethanol recovery costs were also 
lower when operating at this temperature. D’Amore et al., (1987) estimated that 30-35% of the fermentation 
costs incurred in ethanol production at 32 oC is due to cooling process. At 37 oC, production cost is expected to 
decrease by 10%. Increasing the tolerance by the producing strain to fermentation temperature to 40 oC, 
therefore, results in greater cost reduction. The obtained results are in agreement with those obtained by Khattab 
(1997), Mehdikhani et al., (2011) and Benjaphokee et al., (2012). 
 
Table 1: Ethanol tolerant and production of different Saccharomyces strains isolated from the surface of grapes. 

Isolate No. Ethanol production %, (v/v)  Isolate  
No. 

Ethanol production %,  
(v/v) 

1/8 7.7 11/10 7.7 
2/8 6.5 12/10 8.8 
3/8 6.6 13/10 9.8 
4/8 6.8 14/10 6.5 
5/8 8.5 15/12 9.0 
6/8 6.8 16/12 9.5 
7/8 6.0 17/12 11. 0 
8/8 7. 5 18/12 10.0 
9/10 8.8 19/12 9.0 

10/10 7.6 20/12 10.4 
 
Table 2: Ethanol production of different Saccharomyces strains isolated from the surface of grapes at 40 oC.  

Isolate No. Ethanol production %, (v/v) Isolate  
No. 

Ethanol production %, (v/v) 

1/8 6.0 11/10 5.0 
2/8 5.2 12/10 8.5 
3/8 6.0 13/10 8.0 
4/8 6.5 14/10 5.5 
5/8 8.0 15/12 5.0 
6/8 4.5 16/12 7.0 
7/8 5.0 17/12 10. 0 
8/8 7. 0 18/12 9.5 
9/10 8.5 19/12 8.0 

10/10 7.6 20/12 8.7 
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Molecular Identification of Saccharomyces sp. by ITS and 5.8 rDNA:  
 The ITS1 F and ITS1 R primers were used to amplify the region of the rDNA repeat unit that includes the 
internal transcribed spacer 1 (ITS1) from the genomic DNA of the Saccharomyces sp. After amplification, a 
product of approximately 450 bp was obtained as shown in Fig. 1.  
 

 
 
Fig. 1: Photograph of ITS-DNA amplified band for 4 yeast strains using ITS primers, S. cerevisiae NRRL Y-

139, 17/12 ,18/12 and 20/12 (lanes: 2, 3, 4, 5) against 100 bp ladder DNA marker which has three 
distinct bands: 500, 1000, 2000 bp (lane 1). 

  
 Similarly, the 5.8S rDNA forward and reverse primers were used to amplify the region of the 5.8S rDNA 
from the genomic DNA of the Saccharomyces sp. as shown in Fig. 2.  
 

 
Fig. 2: Photograph of 5.8S rDNA amplified band for 4 yeast strains using 5.8 ITS primers, S. cerevisiae NRRL 

Y-139, 17/12, 18/12 and 20/12 (lanes: 2, 3, 4, 5) against 100 bp ladder DNA marker which has three 
distinct bands: 500, 1000, 2000 bp (lane 1). 

 
 DNA sequencing of the ITS1 region was conducted for the differentiation of superior ethanolic producer 
strain (Strain No. 17/12) in comparison with the reference strain (S. cerevisiae NRRL Y-139) by comparative 
GeneBank sequences analysis. The ITS sequences were amplified from the genomic DNA of strain No 17/12 
and S. cerevisiae NRRL Y-139 compared with other 10 sequences  from GeneBank were  no significant size 
variation could be detected among strains after alignment. Moreover, ITS sequences of strain No. 17/12 were 
100% homology to the reference strain S. cerevisiae NRRL Y-139. 
 The amplified ITS sequences were approximately ranged from 1 to 363 bp. ITS1 region have 28 nucleotide 
substations among the 12 Saccharomyces sequences, total number of sites (excluding sites with gaps and 
missing data) were 349 and sites with insertion/deletion (indel) were 14 sites. The remained 28 sites were 
variable (polymorphic) as shown in Fig. 3. 
 Based on phylogenetic tress Fig. 4 the target strain (unknown No. 17/12) was completely identical to the 
reference strain (S. cerevisiae NRRL Y-139) and both still have a relationship with other S. cerevisiae from 
Gene Bank (accretion No., DQ530268, DQ530274 and DQ530276) they were located in one cluster. Other 
cluster consist of  Saccharomyces sp. like S. cerevisiae (S cer.), S. mikatae (S. mik.), S. bayanus (S. baya.), S. 
kluyveri (S. kluy.) with accretion No., Z95936, FJ196778, Z95950 and HE580229, respectively. Other clusters 
which consist of S. Kluy. and S. past. with accession No., AY046146 and AF335952 respectively, was highly 
diverged and have much nucleotide variations. ITS sequences of S. cerevisiae NRRL Y-139 (NRRLY139 S. 
cer.), superior ethanolic producer ( unkown S.17/12) and S. cerevisiae  with accession No. Z95936 are shown in 
Fig. 5. 
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Fig. 3: Variable nucleotide sequences within the ITS1 region of 12 Saccharomyces strains including 28 

polymorphic sites. 

 
Fig. 4: Phylogenetic dendrogram showing the taxonomic positions of Saccharomyces type strains, based on the 

ITS1 sequences. 
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Fig. 5: ITS sequences of  S. cerevisiae NRRL Y-139 (NRRLY139 S. cer.), superior ethanolic producer No. 

17/12 ( unkown S.17/12) and S. cerevisiae  with accession No. Z95936. 
 
 The nucleotide sequences of the 5.8S rDNA region were identical to the references strain S. cerevisiae 
NRRL Y-139 and other sequences from Gene Bank, only two indels (insertion/deletion) were found. The 
nucleotide substitutions revealed were independent of the genotype of the strain and their source of isolation. 
Based on the phylogenetic analysis, six strains were divided into three main clusters (Fig. 6). In the first cluster, 
four strains could be identified; our target strain was located closely with the reference strain S. cerevisiae 
NRRL Y-139 and other sequences from Gene Bank and the S. cerevisiae  (accretion No. Z 959360 ). However, 
in same cluster  S. mikatae (S. mik., accusation No., FJ196778) seems to be differ. The other two strains S. 
bayanus (S. baya.)  and S. kudriavzevii (S. kud.) were highly diverged and located in different clusters. The 
entire sequence of the 5.8S rDNA region was obtained for one of the S. cerevisiae strains and compared with 
sequences available in databases for other Saccharomyces sp. The alignment of the sequences confirmed the 
length difference of the 5.8S rDNA region. This difference is due to a deletion between nucleotides. There were 
several nucleotide sequences of this region from the Saccharomyces sp obtained by different authors that differ 
in several insertions or deletions of single nucleotides or, even, in a few nucleotide substitutions (Teresa et al., 
2000). Similarly, the 5.8S rDNA sequences of the species S. bayanus and S. pastorianus appear to be highly 
similar with few or no nucleotide differences, as was indicated in the original study by Montrocher et al., 
(1998). 5.8S rDNA sequences of  S. cerevisiae  with accession No. Z95936, S. cerevisiae NRRL Y-139 
(NRRLY139 S. cer.) and superior ethanolic producer (unkown S.17/12) are shown in Fig. 7. 
 Since, bioethanol is importance as another renewable nonpolluting fuel, which leads to increasing demand 
for this biotechnological product, many efforts might be taken to increase industrial productivity. This will 
surely required improved microbiological strains. Therefore, it is of great importance for found new microbial 
strains such as Saccharomyces species with high productivity. Moreover, molecular analysis, the PCR-based 
approaches can be used to identify new strains of Saccharomyces species, if a reliable molecular database 
associated with identification data and industrial parameters. The bioethanol fermentation process is 
characterized by a dynamic succession of yeast strains and species (Silva-Filho et al., 2005). Here we identify a 
new S. cerevisiae strain from grapes that could be added to the list of S. cerevisiae strains found in association 
with high ethanol production. 
 Currently, sequence analysis can be applied to differentiate these closely related species. Thus, yeast 
taxonomy can take advantage of molecular methods, especially sequence analysis of the rDNA loci, length 
polymorphism at the locus ITS1-5.8S-ITS2 (Souza-Liberal et al., 2005; Esteve-Zarzoso et al., 1999), and can 
further classify strains within species (Schuller et al., 2004). In conclusion, the analysis of polymorphisms 
within the rDNA spacers (ITS1 and 5.8S rDNA) revealed that the the Saccharomyces sp are clearly distributed 
in different well-separated clusters which have recently diverged from one another as judged by the high 
similarities between their ITS and 5.8S rDNA sequences. This result also clearly demonstrate that the study of 
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rDNA spacer polymorphisms is a valuable tool to infer the phylogenetic position of very closely related yeasts 
and identification or confirmation of unknown or high production isolated strains. 
 

 
Fig. 6: Phylogenetic dendrogram showing the taxonomic positions of Saccharomyces type strains, based on the 

5.8S rDNA sequences. 

 
Fig. 7: ITS-5.8S rDNA sequences of  S. cerevisiae  with accession No. Z95936.1, S. cerevisiae NRRL Y-139 
(NRRLY139 S.) and superior ethanolic producer No. 17/12 (unkown-S.).  
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