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ABSTRACT 
The main objectives of the present research are the identification and characterization of two yeast strains Y-CMGB 64 and Y-CMGB 
168 from the pharmaceutical industry. The strains Y-CMGB 64 and Y-CMGB were identified using the analysis of the ITS1-5.8S-ITS2 
amplicons and restriction profiles as belonging to Kluyveromyces lodderae, respectively, to Saccharomyces cerevisiae. A simple and 
rapid technique for the isolation of genomic DNA was optimized using a solution of LiCl 0.8 M and 1% SDS for obtaining yeast 
spheroplasts and a TE solution with RNase A for reducing the RNA contamination of the samples. The analysis of the RAPD patterns 
obtained with the primer M13 showed a total number of 15 bands with 100% polymorphism, thus allowing a discriminatory 
characterization of our strains. The antimicrobial activities of the strains Y-CMGB 64 and Y-CMGB 168 were tested using the killer 
assays. The strain Y-CMGB 64 was more active at 28oC, while the incubation temperature seemed to have no influence on the activity of 
the strain Y-CMGB 168. The two yeast strains were re-named and included in the CMGB collection as K. lodderae CMBG 64 and S. 
cerevisiae CMGB 168. Our results represent an important basis for further studies and practical applications of the two strains in 
medicine and production of probiotic compounds.  
Keywords: Kluyveromyces lodderae, Saccharomyces cerevisiae, ITS1-5.8S-ITS2, RAPD, antimicrobial activity. 

1. INTRODUCTION 
 The yeasts are microorganisms with a widespread 
occurence in natural and industrial environments, many species 
including strains isolated from various sources and presenting 
addapted metabolic pathways [1]. The development of industry 
and the human population growth raised the problem of the 
taxonomic and phylogenetic identification of yeast species [2; 3] 
as basis for applications in bioremediation [4], production of 
biosurfactants [5; 6], biocontrol [7; 8], human and animal health, 
including the production of probiotic compounds [9; 10; 11; 12]. 
The analysis of the 5.8S rDNA gene and the neighbouring regions 
ITS1 and ITS2 are intensively used for the interspecific 
differentiation of many yeast species belonging to various genera 
such as Candida, Kluyveromyces, Pichia, Rhodotorula, 
Metschnikowia, Saccharomyces and Yarrowia [13, 14; 15; 16]. 

Although used expecially for intraspecific identification of the 
yeast strains, the RAPD-PCR is another technique used in 
taxonomy studies [17; 18].  

Besides these molecular approaches, the assays aimed to 
determine the production of extracellular products such as killer 
toxins, represents an important criteria not only for the taxonomic 
characterization, but also for further practical applications in 
biotechnology, food industry, medicine and agronomy [19; 20]. 

  The present work deals with the molecular identification 
of two yeast strains Y-CMGB 64 and Y-CMGB 168 from the 
pharmaceutical industry and the characterization of their 
antimicrobial activity against strains belonging to yeast species 
with pathogenic potential. 

 
2. EXPERIMENTAL SECTION 
2. 1.Yeast strains and media 
 The two yeast strains Y-CMGB 64 and Y-CMGB 168 from 
the pharmaceutical industry (ICCF – National Institute for 
Chemical and Pharmaceutical Research and Development, 
Bucharest, Romania) were mentained at CMGB (the Collection of 
Microorganisms of the Center for Research, Consulting and 
Training in Microbiology, Genetics and Biotechnology, 
Department of Genetics, Faculty of Biology, University of 
Bucharest, Romania). Other strains used during this study were: 
Candida albicans ATCC 10231, Candida glabrata CMGB 35, 
Candida guilliermondii CMGB 44, Candida krusei CMGB 94, 
Candida parapsilosis CBS 604, Candida tropicalis CMGB 165, 
Kluyveromyces lactis CBS 2359/152, Metschnikowia pulcherrima 

CMGB-SG1, Saccharomyces cerevisiae ATCC 201583, 
Saccharomyces cerevisiae 17/17 (Kil-K0, a his K-R-). The yeasts 
were grown and mentained on yeast peptone glucose (YPG) 
medium (yeast extract 5 g/l, peptone 10 g/l, glucose 20 g/l). 
2. 2. Genomic DNA isolation and purification 

Genomic DNA isolation was performed using a technique 
addapted and optimized after [21]. Yeast strains were grown o/n 
on YPG medium at 28oC, 180 rpm, then 100 µl culture 
(aproximately 108 cells/ml) were centrifuged and the cell pellet 
was resuspended in 100 µl solution with 1% SDS and different 
concentrations of  lithium chloride (LiCl): 0.2 M, 0.4 M and 0.8  
M. The suspension was incubated for 15 min at 70oC and 300 µl 
of 95% ethanol was added. The mixture was vortexed briefly and 
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centrifuged for 5 min at 13000 rpm. The sediment was washed 
with 500 µl of 70% ethanol, followed by a new centrifugation. 
The sediment comprising DNA was resuspended in 40 µl TE (10 
mM Tris, 1 mM EDTA, pH  8.0) supplemented with RNase A 
(final concentration 40 µg/ml). The debris was removed by 
centrifugation and the supernatant containing genomic DNA was 
used for PCR amplification.  

The genomic DNA samples were analysed by agarose gel 
electrophoresis using an 0.8% agarose gel in TBE 0.5X. After 
electrophoresis, the gel was stained with ethidium bromide, 
visualized under UV light (UV-VIS Spectrophotometer) and 
digitalized. 
2. 3. PCR-RFLP analysis of ITS-5.8S rDNA 

The ITS1-5,8S-ITS2 region was amplified in a Biometra 
TGradient cycler using ITS1 (5’-TCCGTAGGTGAACCTGCGG-
3’) and ITS4 (5’-TCCTCCGCTTATTGATATGC-3’) primers and 
the program described by [22]: initial denaturation 5 min at 94oC, 
40 cycles of 1 min at 94oC, 30 sec at 55oC, 2 min at 72oC, and a 
final extension 5 min at 72oC. The amplification was performed in 
a total volume of 50 µl PCR mixture using: 2 µl genomic DNA,  
25 µl GoTaq Green Master Mix 2X (Promega) and 1,2 µM of each 
primer (ITS1 and ITS4).   

The PCR products were digested for 90 min in a total 
volume of 12 µl with 0.5 µl of each of the following restriction 
endonucleases: Cfo I (5'-GCG/C-3'), Hae III (5'-GG/CC-3') and 
Hinf I (5'-G/ANTC-3') (10U/µl, Promega). The amplicons and the 
restriction fragments were separated by agarose gel 

electrophoresis using 1.2% agarose and TBE 0.5X. The size of 
amplicons and restriction fragments was evaluated using the 
program Quantity One (Bio-Rad).  
2. 4. RAPD assay 

The RAPD assay was performed in a total reaction volume 
of 25 µl l using GoTaq Green Master Mix 2X (Promega), 1 µl 
genomic DNA and 1 µM primer M13 (5’-AGGGTGGCGGTTCT-
3’). The amplification program was addapted after [23] and 
comprized: initial denaturation 5 min at 94oC, 45 cycles of 1 min 
at 94oC, 1 min at 36oC and 2 min at 72oC, and a final extension of 
10 minutes at 72oC. The RAPD fragments were analysed in 1.2 % 
agarose gels in TBE 0.5X.  
2. 5. Antimicrobial assays  
 The strains Y-CMGB 64 and Y-CMGB 168 were tested for 
antimicrobial activity using the killer assays. Colonies from o/n 
grown culture of Y-CMGB 64 and Y-CMGB 168 were spotted 
onto killer medium plates (0.1 M phosphate citrate buffer pH 4.8, 
2 % glucose, 1 % yeast extract, 2 % agar, 0.03 % methylene blue) 
inoculated with an overlay of 106 cells/ml of potential sensitive 
yeast strains. The killer activity of the strains Y-CMGB 64 and Y-
CMGB 168 was tested against potential sensitive strains: C. 
albicans ATCC 10231, C. glabrata CMGB 35, C. krusei  CMGB 
94, C. tropicalis CMGB 165 and S. cerevisiae 17/17. The plates 
were incubated for five days at 25 and 28 oC and checked daily. A 
positive response was considered when the colonies were 
surrounded by a clear blue zone or a zone with reduced growth of 
the potential sensitive strain. 

 
3. RESULTS SECTION 

The technique we used for the isolation of the genomic 
DNA is simple and rapid compared with the one based on β-
mercaptoethanol and specific enzymes like zymolyase, lyticase, 
a.s.o. [24]. Both lithium acetate (LiAc) and lithium chloride (LiCl) 
are intensively used in yeast transformation protocols with 
heterologous DNA due to their chaotropic effect which consists in 
the disruption of the hydrogen bonds at the level of the proteic 
structures within the yeast cell wall and membrane. As a 
consequence, the lithium cations increase the permeability of the 
yeast cells [25].  

Since it seems that LiAc is aproximately 1.7 times more 
effective than LiCl [26], we tested three different concentrations 
of LiCl in combination with 1% SDS. As expected, the best results 
were obtained using a 0.8 M LiCl solution instead of the 0.2 M 
LiAc solution mentioned by [21]. Also, the DNA was resuspended 
in TE solution supplemented with RNase A reducing the RNA 
contamination of the samples. The DNA extracts obtained were 
further successfully used for PCR amplifications.  

The analysis of the region ITS1-5.8S-ITS2 by enzymatic 
digestion of the amplicons obtained by PCR represents one of the 
most reliable techniques used in yeast taxonomy, the dimension of 
the amplicons, the number and dimension of the restriction 
fragments being species-specific.  

The genomic DNA isolated from the yeast strains Y-
CMGB 64 and Y-CMGB 168 was amplified using the primers 

ITS1 and ITS4. The amplicons had 680 bp for Y-CMGB 64, 
respectively, 830 bp for Y-CMGB 168 and were further digested 
with three endonucleases (Figure 1). The size of the restriction 
fragments was determined using the Quantity One program (Bio-
Rad) (Table 1).  

 
Figure 1. The PCR-RFLP profiles of the ITS1-5.8S-ITS2 regions of the 
strains Y-CMGB 168 and Y-CMBG 64 obtained with: 1, 6 - Cfo I; 2, 7 – 
Hinf I; 3, 8 – Hae III; 4 – 100 bp DNA Ladder (Promega); 5 – 50 bp DNA 
Step Ladder (Promega) 
  
 The restriction fragments number and size were 
compared with those from the scientific literature. As a result, 
high similar profiles were observed for the strain Y-CMGB 168 
and S. cerevisiae strains, respectively, for the strain Y-CMBG 64 
and strains from Kluyveromyces genus, especially K. lodderae [27; 
28; 29].  
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Table 1. The size of the amplicons and restriction fragments of the ITS1-5.8S-ITS2 regions of the strains Y-CMGB 168 and Y-CMBG 64 

Strain 
Amplicon 

(bp) 

Restriction fragments (bp) 

Cfo I Hinf I Hae III 

Y-CMGB 168 830 120, 320 110, 330 120, 170, 230, 280 

Y-CMBG 64 680 80, 280, 290 130, 180, 330 670 

 

In order to verify these results, we performed a 
comparative analysis using Hinf I endonuclease and amplicons 
from the strains Y-CMGB 168, Y-CMBG 64 and reference strains 
K. lactis CBS 2359/152 and S. cerevisiae ATCC 201583. The 
restriction patterns from Figure 2 confirmed our previous 
molecular identification: the strain Y-CMGB 168 belongs to S. 
cerevisiae, while the strain Y-CMBG 64 belongs to the 
Kluyveromyces genus.  

 

 
Figure 2. The comparative PCR-RFLP analysis of the strains Y-CMGB 
168, Y-CMBG 64 and reference strains using Hinf I: 1 - 100 bp DNA 
Ladder (Promega); 2 - S. cerevisiae ATCC201583; 3 - K. lactis 
CBS2359/152; 4 - Y-CMGB 168; 5 - Y-CMBG 64 

 
Both strains CMBG 64 and CMGB 168 belong to species 

with high potential of antimicrobial activity. Therefore, we 
performed a RAPD assay in order to obtain a discriminatory 
characterization of our strains in the presence of other yeast strains 
with similar abilities. The primer M13 was chosen due to its 
frequent utilization in RAPD analyses for a large range of yeast 
species from Candida, Hanseniaspora, Kluyveromyces, 
Metschnikowia, Pichia, Rhodotorula and Saccharomyces genera 
[30; 31; 32; 33; 34]. 

From the analysis of the RAPD-PCR  profiles (Figure 3) we 
could observe the appearance of a total number of 15 bands 
presenting 100% polymorphism. The species M. pulcherrima and 
R. glutinis are frequently used for biocontrol [35; 36; 37; 38]. 
Moreover, the strain M. pulcherrima CMGB-SG1 was reported as 
having high antimicrobial abilities against strains of fungi and 

yeasts with pathogenic potential for humans [39, 40]. Also, it is 
interesting to outline that the polymorphic patterns obtained by 
RAPD were observed not only for strains belonging to different 
species, but also for conspecific strains: Y-CMGB 168 and S. 
cerevisiae ATCC 201583.  

As a consequence, we consider that the M13 primer can be 
successfully used not only for inter- but also for intraspecific 
identification of our strains. 

 

 (a)  (b) 

Figure 3. The RAPD profiles obtained with the primer M13 for: 
(a) 1 – pGEM DNA Markers (Promega); 2 - Y-CMBG 64; 3 - Y-CMGB 
168; 4 – R. glutinis RG4 ; (b) 1 – M. pulcherrima CMGB-SG1; 2 – S. 
cerevisiae ATCC201583; 3 - Gene Ruler 1Kb DNA Ladder (Fermentas) 

 
Since the two yeast strains Y-CMGB 64 and Y-CMGB 168 

were isolated from pharmaceutical industry, it was interesting to 
test their potential antimicrobial activity. The antimicrobial 
activity, both for S. cerevisiae and Kluyveromyces species is due to 
the presence in the cytoplasm of the killer system [41; 42; 43] and 
production of extracellular proteins (killer toxins).  

The strain Y-CMGB 168 showed medium killer activity 
against C. glabrata CMGB 35 in contrast to the strain Y-CMGB 
64 which exhibited no killer action in the same conditions. When 
plated against C. krusei CMB 94 and S. cerevisiae 17/17, the strain 
Y-CMGB 64 reduced the growth of the sensitive cells (Figure 4a 
and 4b).  
 

 

 (a)  (b) 
Figure 4. The killer activity of the strain Y-CMBG 64 after eight days in the presence of (a) C. krusei 
CMGB 94 at 28oC, (b) S. cerevisiae 17/17 at 25oC 
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 (a) 

 (b) 

Figure 5. The killer activity of the strain YCMGB 168 (left) and Y-CMBG 64 (right) against C. 
tropicalis CMGB 165  after eight days of incubation at (a) 25oC and (b) 28oC 

 
 

Both strains had good killer activity in the presence of C. 
tropicalis CMGB 165 forming clear inhibition zones sorrounding 
the colonies (Figure 5).   

It is interesting to emphasize the influence of the incubation 
temperature on the killer activity. Thus, the strain Y-CMGB 64 
exhibited a higher activity when incubated at 28oC compared to the 
strain Y-CMGB 168. On the other hand, the incubation 
temperature seemed to have no influence on the activity of the 
strain Y-CMGB 168 (Figure 5).  An explanation might reside in the 
fact that the killer toxins described until present for K. lactis strains 
have chitinase and glucanase activity [45; 46] being thus more 

active on Candida cells making the transition from the yeast form 
to the pseudohyphae form [47; 48; 49]. Also, the K. lactis killer 
toxins are active and stable at a high range of temperature from 22 
to 40oC [50], while the S. cerevisiae killer toxins are more active 
and stable at lower temperatures (20-25oC). The results of the 
killer assays are presented in Table 2.  

The identification of killer activity for the strain Y-CMGB 
64 identified as K. lodderae represents an important results of our 
study. Although K. lodderae is known as being a yeast species 
found in dairy products like kefir [51; 52], until present we could 
not find any data regarding its antimicrobial / killer activity.  

 
Table 2. The killer activity after eight days of incubation for the strains Y-CMBG 64 and Y-CMGB 168 

Potential sensitive strain 
Incubation 

temperature (oC) 
Y-CMBG 64  Y-CMGB 168 

C. albicans ATCC 10231 
25  - - 

28 - - 

C. krusei CMGB 94 
25  - - 

28 + - 

C. glabrata CMGB 35 
25  - + 

28 - + 

C. tropicalis CMGB 165 
25  + ++ 

28 ++ ++ 

S. cerevisiae 17/17 
25  + - 

28 - - 
- = no activity, + = medium, ++ = good activity 

4. CONCLUSIONS 
Two yeast strains Y-CMGB 64 and Y-CMGB 168 were 

identified using the analysis of the ITS1-5.8S-ITS2 region as 
belonging to Kluyveromyces lodderae, respectively, to 
Saccharomyces cerevisiae. The genomic DNA for the PCR 
amplifications was isolated using a rapid and simple technique. 
The comparative RAPD analysis with the primer M13 allowed a 
successful molecular identification of our strains both at inter- and 
intraspecific level. The strain Y-CMGB 64 presented a more 

active killer activity at 28oC against Candida strains, probably due 
to the thermal stability of the Kluyveromyces killer toxins and their 
chitinase and glucanase activity. To our knowledge, this is the first 
report concerning the killer activity of a K. lodderae strain, which 
might represent an important starting point for its applications in 
medicine, obtaining probiotic compounds and biocontrol. Finally, 
the two yeast strains were re-named and included in the CMGB 
collection as K. lodderae CMBG 64 and S. cerevisiae CMGB 168. 
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ABSTRACT

The main objectives of the present research are the identification and characterization of two yeast strains Y-CMGB 64 and Y-CMGB 168 from the pharmaceutical industry. The strains Y-CMGB 64 and Y-CMGB were identified using the analysis of the ITS1-5.8S-ITS2 amplicons and restriction profiles as belonging to Kluyveromyces lodderae, respectively, to Saccharomyces cerevisiae. A simple and rapid technique for the isolation of genomic DNA was optimized using a solution of LiCl 0.8 M and 1% SDS for obtaining yeast spheroplasts and a TE solution with RNase A for reducing the RNA contamination of the samples. The analysis of the RAPD patterns obtained with the primer M13 showed a total number of 15 bands with 100% polymorphism, thus allowing a discriminatory characterization of our strains. The antimicrobial activities of the strains Y-CMGB 64 and Y-CMGB 168 were tested using the killer assays. The strain Y-CMGB 64 was more active at 28oC, while the incubation temperature seemed to have no influence on the activity of the strain Y-CMGB 168. The two yeast strains were re-named and included in the CMGB collection as K. lodderae CMBG 64 and S. cerevisiae CMGB 168. Our results represent an important basis for further studies and practical applications of the two strains in medicine and production of probiotic compounds. 
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	The yeasts are microorganisms with a widespread occurence in natural and industrial environments, many species including strains isolated from various sources and presenting addapted metabolic pathways [1]. The development of industry and the human population growth raised the problem of the taxonomic and phylogenetic identification of yeast species [2; 3] as basis for applications in bioremediation [4], production of biosurfactants [5; 6], biocontrol [7; 8], human and animal health, including the production of probiotic compounds [9; 10; 11; 12]. The analysis of the 5.8S rDNA gene and the neighbouring regions ITS1 and ITS2 are intensively used for the interspecific differentiation of many yeast species belonging to various genera such as Candida, Kluyveromyces, Pichia, Rhodotorula, Metschnikowia, Saccharomyces and Yarrowia [13, 14; 15; 16]. Although used expecially for intraspecific identification of the yeast strains, the RAPD-PCR is another technique used in taxonomy studies [17; 18]. 

Besides these molecular approaches, the assays aimed to determine the production of extracellular products such as killer toxins, represents an important criteria not only for the taxonomic characterization, but also for further practical applications in biotechnology, food industry, medicine and agronomy [19; 20].

  The present work deals with the molecular identification of two yeast strains Y-CMGB 64 and Y-CMGB 168 from the pharmaceutical industry and the characterization of their antimicrobial activity against strains belonging to yeast species with pathogenic potential.





2. EXPERIMENTAL SECTION



2. 1.Yeast strains and media

	The two yeast strains Y-CMGB 64 and Y-CMGB 168 from the pharmaceutical industry (ICCF – National Institute for Chemical and Pharmaceutical Research and Development, Bucharest, Romania) were mentained at CMGB (the Collection of Microorganisms of the Center for Research, Consulting and Training in Microbiology, Genetics and Biotechnology, Department of Genetics, Faculty of Biology, University of Bucharest, Romania). Other strains used during this study were: Candida albicans ATCC 10231, Candida glabrata CMGB 35, Candida guilliermondii CMGB 44, Candida krusei CMGB 94, Candida parapsilosis CBS 604, Candida tropicalis CMGB 165, Kluyveromyces lactis CBS 2359/152, Metschnikowia pulcherrima CMGB-SG1, Saccharomyces cerevisiae ATCC 201583, Saccharomyces cerevisiae 17/17 (Kil-K0, a his K-R-). The yeasts were grown and mentained on yeast peptone glucose (YPG) medium (yeast extract 5 g/l, peptone 10 g/l, glucose 20 g/l).

2. 2. Genomic DNA isolation and purification

Genomic DNA isolation was performed using a technique addapted and optimized after [21]. Yeast strains were grown o/n on YPG medium at 28oC, 180 rpm, then 100 l culture (aproximately 108 cells/ml) were centrifuged and the cell pellet was resuspended in 100 l solution with 1% SDS and different concentrations of  lithium chloride (LiCl): 0.2 M, 0.4 M and 0.8  M. The suspension was incubated for 15 min at 70oC and 300 l of 95% ethanol was added. The mixture was vortexed briefly and centrifuged for 5 min at 13000 rpm. The sediment was washed with 500 l of 70% ethanol, followed by a new centrifugation. The sediment comprising DNA was resuspended in 40 l TE (10 mM Tris, 1 mM EDTA, pH  8.0) supplemented with RNase A (final concentration 40 g/ml). The debris was removed by centrifugation and the supernatant containing genomic DNA was used for PCR amplification. 

The genomic DNA samples were analysed by agarose gel electrophoresis using an 0.8% agarose gel in TBE 0.5X. After electrophoresis, the gel was stained with ethidium bromide, visualized under UV light (UV-VIS Spectrophotometer) and digitalized.

2. 3. PCR-RFLP analysis of ITS-5.8S rDNA

The ITS1-5,8S-ITS2 region was amplified in a Biometra TGradient cycler using ITS1 (5’-TCCGTAGGTGAACCTGCGG-3’) and ITS4 (5’-TCCTCCGCTTATTGATATGC-3’) primers and the program described by [22]: initial denaturation 5 min at 94oC, 40 cycles of 1 min at 94oC, 30 sec at 55oC, 2 min at 72oC, and a final extension 5 min at 72oC. The amplification was performed in a total volume of 50 l PCR mixture using: 2 l genomic DNA,  25 l GoTaq Green Master Mix 2X (Promega) and 1,2 M of each primer (ITS1 and ITS4).  

The PCR products were digested for 90 min in a total volume of 12 l with 0.5 l of each of the following restriction endonucleases: Cfo I (5'-GCG/C-3'), Hae III (5'-GG/CC-3') and Hinf I (5'-G/ANTC-3') (10U/l, Promega). The amplicons and the restriction fragments were separated by agarose gel electrophoresis using 1.2% agarose and TBE 0.5X. The size of amplicons and restriction fragments was evaluated using the program Quantity One (Bio-Rad). 

2. 4. RAPD assay

The RAPD assay was performed in a total reaction volume of 25 l l using GoTaq Green Master Mix 2X (Promega), 1 l genomic DNA and 1 M primer M13 (5’-AGGGTGGCGGTTCT-3’). The amplification program was addapted after [23] and comprized: initial denaturation 5 min at 94oC, 45 cycles of 1 min at 94oC, 1 min at 36oC and 2 min at 72oC, and a final extension of 10 minutes at 72oC. The RAPD fragments were analysed in 1.2 % agarose gels in TBE 0.5X. 

2. 5. Antimicrobial assays 

	The strains Y-CMGB 64 and Y-CMGB 168 were tested for antimicrobial activity using the killer assays. Colonies from o/n grown culture of Y-CMGB 64 and Y-CMGB 168 were spotted onto killer medium plates (0.1 M phosphate citrate buffer pH 4.8, 2 % glucose, 1 % yeast extract, 2 % agar, 0.03 % methylene blue) inoculated with an overlay of 106 cells/ml of potential sensitive yeast strains. The killer activity of the strains Y-CMGB 64 and Y-CMGB 168 was tested against potential sensitive strains: C. albicans ATCC 10231, C. glabrata CMGB 35, C. krusei  CMGB 94, C. tropicalis CMGB 165 and S. cerevisiae 17/17. The plates were incubated for five days at 25 and 28 oC and checked daily. A positive response was considered when the colonies were surrounded by a clear blue zone or a zone with reduced growth of the potential sensitive strain.





3. RESULTS SECTION



The technique we used for the isolation of the genomic DNA is simple and rapid compared with the one based on -mercaptoethanol and specific enzymes like zymolyase, lyticase, a.s.o. [24]. Both lithium acetate (LiAc) and lithium chloride (LiCl) are intensively used in yeast transformation protocols with heterologous DNA due to their chaotropic effect which consists in the disruption of the hydrogen bonds at the level of the proteic structures within the yeast cell wall and membrane. As a consequence, the lithium cations increase the permeability of the yeast cells [25]. 

Since it seems that LiAc is aproximately 1.7 times more effective than LiCl [26], we tested three different concentrations of LiCl in combination with 1% SDS. As expected, the best results were obtained using a 0.8 M LiCl solution instead of the 0.2 M LiAc solution mentioned by [21]. Also, the DNA was resuspended in TE solution supplemented with RNase A reducing the RNA contamination of the samples. The DNA extracts obtained were further successfully used for PCR amplifications. 

The analysis of the region ITS1-5.8S-ITS2 by enzymatic digestion of the amplicons obtained by PCR represents one of the most reliable techniques used in yeast taxonomy, the dimension of the amplicons, the number and dimension of the restriction fragments being species-specific. 

The genomic DNA isolated from the yeast strains Y-CMGB 64 and Y-CMGB 168 was amplified using the primers ITS1 and ITS4. The amplicons had 680 bp for Y-CMGB 64, respectively, 830 bp for Y-CMGB 168 and were further digested with three endonucleases (Figure 1). The size of the restriction fragments was determined using the Quantity One program (Bio-Rad) (Table 1). 

[image: ]

Figure 1. The PCR-RFLP profiles of the ITS1-5.8S-ITS2 regions of the strains Y-CMGB 168 and Y-CMBG 64 obtained with: 1, 6 - Cfo I; 2, 7 – Hinf I; 3, 8 – Hae III; 4 – 100 bp DNA Ladder (Promega); 5 – 50 bp DNA Step Ladder (Promega)

	

	The restriction fragments number and size were compared with those from the scientific literature. As a result, high similar profiles were observed for the strain Y-CMGB 168 and S. cerevisiae strains, respectively, for the strain Y-CMBG 64 and strains from Kluyveromyces genus, especially K. lodderae [27; 28; 29]. 



Table 1. The size of the amplicons and restriction fragments of the ITS1-5.8S-ITS2 regions of the strains Y-CMGB 168 and Y-CMBG 64

		Strain

		Amplicon (bp)

		Restriction fragments (bp)



		

		

		Cfo I

		Hinf I

		Hae III



		Y-CMGB 168

		830

		120, 320

		110, 330

		120, 170, 230, 280



		Y-CMBG 64

		680

		80, 280, 290

		130, 180, 330

		670
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In order to verify these results, we performed a comparative analysis using Hinf I endonuclease and amplicons from the strains Y-CMGB 168, Y-CMBG 64 and reference strains K. lactis CBS 2359/152 and S. cerevisiae ATCC 201583. The restriction patterns from Figure 2 confirmed our previous molecular identification: the strain Y-CMGB 168 belongs to S. cerevisiae, while the strain Y-CMBG 64 belongs to the Kluyveromyces genus. 



[image: ]

Figure 2. The comparative PCR-RFLP analysis of the strains Y-CMGB 168, Y-CMBG 64 and reference strains using Hinf I: 1 - 100 bp DNA Ladder (Promega); 2 - S. cerevisiae ATCC201583; 3 - K. lactis CBS2359/152; 4 - Y-CMGB 168; 5 - Y-CMBG 64



Both strains CMBG 64 and CMGB 168 belong to species with high potential of antimicrobial activity. Therefore, we performed a RAPD assay in order to obtain a discriminatory characterization of our strains in the presence of other yeast strains with similar abilities. The primer M13 was chosen due to its frequent utilization in RAPD analyses for a large range of yeast species from Candida, Hanseniaspora, Kluyveromyces, Metschnikowia, Pichia, Rhodotorula and Saccharomyces genera [30; 31; 32; 33; 34].

From the analysis of the RAPD-PCR  profiles (Figure 3) we could observe the appearance of a total number of 15 bands presenting 100% polymorphism. The species M. pulcherrima and R. glutinis are frequently used for biocontrol [35; 36; 37; 38]. Moreover, the strain M. pulcherrima CMGB-SG1 was reported as having high antimicrobial abilities against strains of fungi and yeasts with pathogenic potential for humans [39, 40]. Also, it is interesting to outline that the polymorphic patterns obtained by RAPD were observed not only for strains belonging to different species, but also for conspecific strains: Y-CMGB 168 and S. cerevisiae ATCC 201583. 

As a consequence, we consider that the M13 primer can be successfully used not only for inter- but also for intraspecific identification of our strains.
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		Figure 3. The RAPD profiles obtained with the primer M13 for:

(a) 1 – pGEM DNA Markers (Promega); 2 - Y-CMBG 64; 3 - Y-CMGB 168; 4 – R. glutinis RG4 ; (b) 1 – M. pulcherrima CMGB-SG1; 2 – S. cerevisiae ATCC201583; 3 - Gene Ruler 1Kb DNA Ladder (Fermentas)







Since the two yeast strains Y-CMGB 64 and Y-CMGB 168 were isolated from pharmaceutical industry, it was interesting to test their potential antimicrobial activity. The antimicrobial activity, both for S. cerevisiae and Kluyveromyces species is due to the presence in the cytoplasm of the killer system [41; 42; 43] and production of extracellular proteins (killer toxins). 

The strain Y-CMGB 168 showed medium killer activity against C. glabrata CMGB 35 in contrast to the strain Y-CMGB 64 which exhibited no killer action in the same conditions. When plated against C. krusei CMB 94 and S. cerevisiae 17/17, the strain Y-CMGB 64 reduced the growth of the sensitive cells (Figure 4a and 4b). 







		[image: Ckrusei-28-8zile-Pkluyv2] (a)

		[image: Scerev-25-8zile-Pkluyv] (b)





Figure 4. The killer activity of the strain Y-CMBG 64 after eight days in the presence of (a) C. krusei CMGB 94 at 28oC, (b) S. cerevisiae 17/17 at 25oC
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Figure 5. The killer activity of the strain YCMGB 168 (left) and Y-CMBG 64 (right) against C. tropicalis CMGB 165  after eight days of incubation at (a) 25oC and (b) 28oC







Both strains had good killer activity in the presence of C. tropicalis CMGB 165 forming clear inhibition zones sorrounding the colonies (Figure 5).  

It is interesting to emphasize the influence of the incubation temperature on the killer activity. Thus, the strain Y-CMGB 64 exhibited a higher activity when incubated at 28oC compared to the strain Y-CMGB 168. On the other hand, the incubation temperature seemed to have no influence on the activity of the strain Y-CMGB 168 (Figure 5).  An explanation might reside in the fact that the killer toxins described until present for K. lactis strains have chitinase and glucanase activity [45; 46] being thus more active on Candida cells making the transition from the yeast form to the pseudohyphae form [47; 48; 49]. Also, the K. lactis killer toxins are active and stable at a high range of temperature from 22 to 40oC [50], while the S. cerevisiae killer toxins are more active and stable at lower temperatures (20-25oC). The results of the killer assays are presented in Table 2. 

The identification of killer activity for the strain Y-CMGB 64 identified as K. lodderae represents an important results of our study. Although K. lodderae is known as being a yeast species found in dairy products like kefir [51; 52], until present we could not find any data regarding its antimicrobial / killer activity. 





Table 2. The killer activity after eight days of incubation for the strains Y-CMBG 64 and Y-CMGB 168

		Potential sensitive strain

		Incubation

temperature (oC)

		Y-CMBG 64 

		Y-CMGB 168



		C. albicans ATCC 10231

		25 

		-

		-



		

		28

		-

		-



		C. krusei CMGB 94

		25 

		-

		-



		

		28

		+

		-



		C. glabrata CMGB 35

		25 

		-

		+



		

		28

		-

		+



		C. tropicalis CMGB 165

		25 

		+

		++



		

		28

		++

		++



		S. cerevisiae 17/17

		25 

		+

		-



		

		28

		-

		-





- = no activity, + = medium, ++ = good activity



4. CONCLUSIONS



Two yeast strains Y-CMGB 64 and Y-CMGB 168 were identified using the analysis of the ITS1-5.8S-ITS2 region as belonging to Kluyveromyces lodderae, respectively, to Saccharomyces cerevisiae. The genomic DNA for the PCR amplifications was isolated using a rapid and simple technique. The comparative RAPD analysis with the primer M13 allowed a successful molecular identification of our strains both at inter- and intraspecific level. The strain Y-CMGB 64 presented a more active killer activity at 28oC against Candida strains, probably due to the thermal stability of the Kluyveromyces killer toxins and their chitinase and glucanase activity. To our knowledge, this is the first report concerning the killer activity of a K. lodderae strain, which might represent an important starting point for its applications in medicine, obtaining probiotic compounds and biocontrol. Finally, the two yeast strains were re-named and included in the CMGB collection as K. lodderae CMBG 64 and S. cerevisiae CMGB 168.



5. REFERENCES



[1] Kurtzman C.P., Fell J.W., Boekhout T., The Yeasts. A Taxonomic Study, 5th Edition. Elsevier, 2011.

[2] Vaughan-Martini A., Reflections on the classification of yeasts for different end-users in biotechnology, ecology, and medicine, International Microbiology, 6, 175-182, 2003.

[3] Querol A., Belloch C., Fernandez-Espinar M.T.,  Barrio E., Molecular evolution in yeast of biotechnological interest, International Microbiology, 6, 3, 201-205, 2003.

[4] Vidali M., Bioremediation. An overview, Pure and Applied Chemistry, 73, 7, 1163-1172, 2001.

[5] Amaral P.F.F., Coelho M.A.Z., Marrucho I.M., Biosurfactants from yeasts: characteristics, production and application, Advances in Experimental Medicine and Biology, 672, 236-249, 2008.

[6] Banat I.M., Franzetti A., Gandolfi I., Bestetti G., Martinotti M.G., Fracchia L., Smyth T.J., Marchant R., Microbial biosurfactants production, applications and future potential, Applied Microbiology and Biotechnology, 87, 2, 427–444, 2010.

[7] Janisiewicz W.J., Tworkoski T.J., Kurtzman C.P., Biocontrol potential of Metchnikowia pulcherrima strains against blue mold of apple, Phytopathology, 91, 11, 1098-1108, 2001.

[8] Bleve G., Grieco F., Cozzi G., Logrieco A., Visconti A., Isolation of epiphytic yeasts with potential for biocontrol of Aspergillus carbonarius and A. niger on grape, International Journal of Food Microbiology, 108, 2, 204-209, 2006.

[9] Moreira S.R., Schwan R.F., Wheals A.E., Isolation and identification of yeasts and filamentous fungi from yoghurts in Brasil, Brazilian Journal of Microbiology, 32, 2, 117-122, 2001.

[10] Lourens- Hattingh A., Viljoen B.C., Survival of dairy-associated yeasts in yoghurt and yoghurt – related products, Food Microbiology, 19, 6, 597-604, 2002.

[11] Farnworth E.R., Kefir – a complex probiotic, Food Science and Technology Bulletin: Functional Foods, 2, 1, 1–17, 2005.

[12] Martins F.S., Nardi R.M., Arantes R.M.E., Rosa C.A., Neves M.J., Nicoli J.R., Screening of yeasts as probiotic based on capacities to colonize the gastrointestinal tract and to protect against enteropathogen challenge in mice, Journal of General and Applied Microbiology, 51, 2, 83–92, 2005.

[13] Guillamon J. M., Sabate J., Barrio E., Cano J., Querol A., Rapid identification of wine yeast species based on RFLP analysis of the ribosomal internal transcribed spacer (ITS) region, Archives of Microbiology, 169, 5, 387–392, 1998.

[14] Cirak M.Y., Kalkanci A., Kustimur S., Use of molecular methods in identification of Candida species and evaluation of fluconazole resistance, Memorias do Instituto Oswaldo Cruz, Rio de Janeiro, 98, 8, 1027-1032, 2003.

[15] Villa-Carvajal M., Querol A., Belloch C., Identification of species in the genus Pichia by restriction of the internal transcribed spacers (ITS1 and ITS2) and the 5.8S ribosomal DNA gene. Identification of Pichia species by 5.8S-ITS rDNA RFLP, Antonie van Leeuwenhoek, 90, 2, 171–181, 2006.

[16] Čadež N., Zupan J., Raspor P., The effect of fungicides on yeast communities associated with grape berries, FEMS Yeast Research, 10, 5, 619–630, 2010.

[17] Bautista-Munoz C., Boldo X.M., Villa-Tanaca L., Hernandez-Rodríguez C., Identification of Candida spp. by randomly amplified polymorphic DNA analysis and differentiation between Candida albicans and Candida dubliniensis by direct PCR methods, Journal of Clinical Microbiology, 41, 1, 414–420, 2003.

[18] Reyes E., Barahona S., Fischman O., Niklitschek M., BaezaA M., Cifuentes V., Genetic polymorphism of clinical and environmental strains of Pichia anomala, Biological Research, 37, 4 Suppl A, 747-757, 2004.

[19] Marquina D., Santos A., Peinado J.M., Biology of killer yeasts, International Microbiology, 5, 65–71, 2002.

[20] Schmitt M.J., Breinig F., The viral killer system in yeast:from molecular biology to application, FEMS Microbiology Reviews, 26, 257-276, 2002.

[21] Lõoke M., Kristjuhan K., Kristjuhan A., Extraction of genomic DNA from yeasts for PCR based applications, Biotechniques, 50, 5, 325–328, 2011.

[22] Ferrari B. C., Zhang C., van Dorst J., Recovering greater fungal diversity from pristine and diesel fuel contaminated sub-Antarctic soil through cultivation using both a high and a low nutrient media approach, Frontiers in Microbiology, Microbiotechnoloy, Ecotoxicology and Bioremediation, 2, 1-14, 2011.

[23] Rabbani M.A., Genetic diversity analysis of traditional and improved cultivars of Pakistani rice (Oryza sativa L.) using RAPD markers, Electronic Journal of Biotechnology, 11, 3, 1-10, 2008.

[24] Csutak O., Ghindea R., Stoica I., Tanase A-M., Vassu T., 2012, Identification of two yeast strains from oil-polluted environment by RFLP on ITS-5.8S rDNA and RAPD analysis, Roumanian Biotechnology Letters, 17,1, 6913-6920, 2012.

[25] Zimkus A., Chaustova L., Razumas V., Effect of lithium and sodium cations on the permeability of yeast Saccharomyces cerevisiae cells to tetraphenylphosphonium ions, Biologija, 2, 47-49, 2006.

[26] Kawai S., Hashimoto W., Murata K., Transformation of Saccharomyces cerevisiae and other fungi. Methods and possible underlying mechanism, Bioengineered Bugs, 1, 6, 395-403, 2010.

[27] Esteve-Zarzoso B., Belloch C., Uruburu F., Querol A., Identification of yeasts by RFLP analysis of the 5.8S rRNA gene and the two ribosomal internal transcribed spacers, International Journal of Systematic Bacteriology, 49, 329–337, 1999.

[28] Suárez Valles B., Bedrinana P.R., Tascon F.N., Simon Q.A., Madrera R.R., Yeast species associated with the spontaneous fermentation of cider, Food Microbiology, 24, 25–31, 2007.

[29] Bockelmann W., Heller M., Heller K.J., Identification of yeasts of dairy origin by amplified ribosomal DNA restriction analysis (ARDRA), International Dairy Journal, 18, 1066–1071, 2008.

[30] Prillinger H., Molnar O., Eliskases-Lechner F., Lopandic K., Phenotypic and genotypic identification of yeasts from cheese, Antonie van Leeuwenhoek, 75, 4, 267–283, 1999.

[31] Bujdosó G., Egli C.M., Henick-Kling T., Characterization of Hanseniaspora (Kloeckera) strains isolated in Finger Lakes wineries using physiological and molecular techniques, Food Technology and Biotechnology, 39, 2, 83–91, 2001.

[32] Herzberg M.,  Fischer R., Titze A., Conflicting results obtained by RAPD-PCR and large-subunit rDNA sequences in determining and comparing yeast strains isolated from flowers: a comparison of two methods, International Journal of Systematic and Evolutionary Microbiology, 52, Pt4, 1423–1433, 2002.

[33] Hsueh P.-R., Teng L.-J., Ho S.-W., Luh K.-T., Catheter-related sepsis due to Rhodotorula glutinis, Jorunal of Clinical Microbiology,. 41, 2, 857–859, 2003.

[34] Wuczkowski M., Prillinger H., Molecular identification of yeasts from soils of the alluvial forest national park along the river Danube downstream of Vienna, Austria (‘‘Nationalpark Donauauen’’), Microbiological Research, 159, 263–275, 2004.

[35] Matteson Heidenreich M.C., Corral-Garcia M.R., Momol E.A., Burr T.J., Russet of apple fruit caused by Aureobasidium pullulans and Rhodotorula glutinis, Plant Disease, 81, 4, 337-342, 1997.

[36] Sipiczki M., Metschnkowia strains isolated from botrytized grapes antagonize fungal and bacterial growth by iron depletion, Applied and Environmental Microbiology, 72, 10, 6716-6724, 2006.

[37] Vadkertiova R., Slavikova E. Killer activity of yeasts isolated from natural environments against some medically important Candida species, Polish Journal of Microbiology, 56, 1, 39-43, 2007.

[38] Zhang H., Wang L., Dong Y., Jiang S., Zhang H., Zheng X., Control of postharvest pear diseases using Rhodotorula glutinis and its effects on postharvest quality parameters, International Journal of Food Microbiology, 126, 1-2, 167–171, 2008.

[39] Csutak O., Vassu T., Sârbu I., Stoica I., Cornea P., Antagonsitic activity of three newly isolated yeast strains from the surface of fruits, Food Technology and Biotechnology, 51, 1, 70-77, 2013a.

[40] Csutak O., Sârbu I., T. Vassu, Influence of sodium bicarbonate, calcium chloride and growth media on antimicrobial activity of Metschnikowia pulcherrima, Journal of Food Science and Engineering, 3, 2, 79-86, 2013b.

[41] Schickel J., Helmig C., Meinhardt F., Kluyveromyces lactis killer system: analysis of cytoplasmic promoters of the linear plasmids. Nucleic Acids Research, 24, 10, 1879–1886, 1996.

[42] Abranches J., Mendonça-Hagler L.C., Hagler A.N., Morais P.B., Rosa C.A. The incidence of killer activity and extracellular proteases in tropical yeast communities, Canadian Journal of Microbiology, 43, 4, 328-336, 1997.

[43] Vassu T., Stoica I., Csutak O., Genetics and genetic engineering, University of Bucharest Press, 2010.

[44] Gunge N., Tamaru A., Ozawa F., Sakaguchi K., Isolation and characterization of linear deoxyribonucleic acid plasmids from Kluyveromyces lactis and the plasmid-associated killer character, Journal of Bacteriology, 145, 1, 382-390, 1981.

[45] Comitini F., Di Pietro N., Zacchi L., Mannazzu I., Ciani M., Kluyveromyces phaffii killer toxin active against wine spoilage yeasts: purification and characterization, Microbiology, 150, 2535–2541, 2004.

[46] Schaffrath R., Breunig K.D., Genetics and molecular physiology of the yeast Kluyveromyces lactis, Fungal Genetics and Biology, 30, 3, 173–190, 2000.

[47] Butler A.R., O'Donnell R.W., Martin V.J., Gooday G.W., Stark M.J.R., Kluyveromyces lactis toxin has an essential chitinase activity,  European Journal of Biochemistry, 199, 483-488, 1991.

[48] Chaffin W. L., López-Ribot J.L., Casanova M., Gozalbo D., Martínez J.P., Cell wall and secreted proteins of Candida albicans: identification, function, and expression, Microbiology and Molecular Biology Reviews, 62, 1,130-180, 1998.

[49] Xu H., Nobile C.J., Dongari-Bagtzoglou A., Glucanase induces filamentation of the fungal pathogen Candida albicans, PLOS ONE, 8, 5,  e637362013, 2013.

[50] Wilson C., Whittaker P.A., Factors affecting activity and stability of the Kluyveromyces lactis killer toxin, Applied and Environmental Microbiology, 55, 3, 695-699, 1989.

[51] Kumura H., Tanoue Y., Tsukahara M., Tanaka T., Shimazaki K., Screening of dairy yeast strains for probiotic applications, Journal of Dairy Science, 87, 4050–4056, 2004.

[52] Lopitz-Otsoa F., Rementeria A., Elguezabal N., Garaizar J., Kefir: a symbiotic yeast-bacteria community with alleged healthy capabilities, Revista Iberoamericana de Micologia, 23, 67-74, 2006.











image2.wmf

1      2     3     4     5     6     7     8


Y


-


CMBG 168


Y


-


CMBG 64


1      2     3     4     5     6     7     8


1      2     3     4     5     6     7     8


1      2     3     4     5     6     7     8


Y


-


CMBG 168


Y


-


CMBG 64




image3.wmf

1     2   3   4   5


1     2   3   4   5




image4.wmf

1    2     3    4


1    2     3    4




image5.wmf

1     2    3


1     2    3




image6.jpeg



image7.jpeg



image8.jpeg



image9.jpeg



image1.png



