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ABSTRACT 

 

The aim of the present study was to isolate a potential yeast strains and characterized them with respect to 

their ethanol tolerant. Two yeast strains were isolated from two different soil locations of Menoufia governorate, 

Egypt. The two isolates were identified at the genus level by colony and cell morphology and biochemical 

characteristics and at the species level by 26S rRNA gene sequencing. An attempt has been made to check the 

viability of yeast cells under different concentrations of ethanol. Ethanol tolerance of each strain was determined 

by allowing the two yeast strains to grow in liquid YEPD (Yeast Extract Peptone Dextrose) medium having 

different concentrations of ethanol. The results showed the ability of the two isolates to grow in medium  having 

up to 12% ethanol. Molecular taxonomy and phylogeny revealed that the two isolates showed 99% similarity to 

Candida parapsilosis, they named Candida parapsilosis Can 1 and Candida parapsilosis Can 2. 
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Introduction 

 

Yeasts are the safest and most effective microorganisms for fermenting sugars to ethanol and traditionally 

have been used in industry to ferment glucose based agricultural products to ethanol (Ho et al., 1998). Yeast is 

ubiquitous in the environment, but is most frequently isolated from sugar rich samples. Some yeast strains are 

found in association with soil and insects. In assessing a yeast strain for industrial use, specific physiological 

properties are required (Ekunsanmi and Odunfa, 1990). Ethanol tolerance, sugar tolerance and invertase 

activities are some of the important properties for use in industrial ethanol production (Jiménez and Benitez, 

1988). Yeast has also been isolated from many fermenting sources including fermenting cassava tubers (Osho et 

al., 2010). Many research workers found yeast in large numbers in a wide variety of natural habitats as different 

as leaves, flowers, sweet fruits, tree exudates, grains, roots fleshy fungi, insects, dung and soil (Miller et al., 

1962). Recently, they have been used in the production of bio fuels, a potentially important alternative energy 

source. Renewable energy is one of the most efficient ways to achieve sustainable development. Increasing its 

share in the world matrix will help prolong the existence of fossil fuel reserves, address the threats posed by 

climate change, and enable better security of the energy supply on a global scale (Tikka etal., 2013).Successful 

fermentations to produce ethanol using yeast require tolerance to high concentrations of both glucose and 

ethanol. These cellular characteristics are important because of high gravity fermentations, which are common 

in the ethanol industry, give rise to high sugar concentrations, at the beginning of the process, and high ethanol 

concentration at the end of the fermentation. Candida parapsilosis is an important microorganism in bio-

industry and its tolerance to ethanol is one of the main characteristics to decide whether it can be used as 

biofermentation resources (Tikka etal., 2013).  

The yeasts are a phylogenetically diverse group of unicellular fungi. Although morphological and 

biochemical phenotypes continue to be the main criteria used for the identification of an unknown isolate 

(Kreger-van Rij, 1984 and Barnett et al., 1990). The phenotypic characters used in yeast systematic have more 

recently been combined with molecular based criteria. Determining DNA relatedness using reassociation studies 

has been of exceptional value in yeast systematics. More recently, phylogenetic relationships amongst yeasts 

have been studied by comparing the sequences of the rRNA genes. The principal advantage of this method is 

that, since ribosomes share a common evolutionary origin in all organisms, it permits the comparison of both 

closely and distantly related species (Kurtzman, 1992). 

Traditional method of classification and identification of fungi has relied upon microscopic features, colony 

characteristics on artificial media and biochemical reactions (Sutton and Cundell, 2004). Recently, there have 

been worldwide interest on molecular techniques (Abu Bakar et al., 2010), amplification and sequencing of 

target regions within the ribosomal DNA gene complex has emerged as a useful adjunctive tool for the 

identification of fungi and does not depend on mold sporulation for identification (Buzina et al., 2001; Iwen et 

al., 2002; Rakeman et al., 2005 and Schwarz et al., 2006). The internal transcribed spacer (ITS) regions 1 and 2 

located between the highly conserved small (18S) and large (28S) ribosomal subunit genes in the rRNA operon 

are known to have sufficient sequence variability to allow identification to the species level for many fungi 

(White et al., 1990; Buzina et al., 2001; Iwen et al., 2002; Brandt et al., 2005; Rakeman et al., 2005 and 

Schwarz et al., 2006).  
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In the present study, we are reporting the isolation and identification of ethanol tolerant yeast strains with 

the help of partial 26S rRNA sequence analysis and determining its phylogenetic relationship. 

 

Materials: 

 

Strains: 

 

Candida strains were isolated from cultivated soils of Menoufia governorate, Egypt and identified by 

morphological and biochemical characterization according to Bergey’s Manual of Determinative Bacteriology 

(Buchanan and Gibbons, 1974). The method described by Tavanti et al. (2005) have been used to identify and 

differentiate this species. 

 

Media: 

 

Complete medium: 

 

It is the same medium of Cox and Bevan (1962) which used for growth and maintenance of yeast strains. 

The ingredients of this medium are; 0.3% yeast extract, 0.5% peptone, 2% glucose and 2% agar and the cultures 

were incubated at 30 ºC for 24 h. 

 

Methods: 

 

Identification and Screening of yeast isolates for ethanol tolerance: 

 

Two yeasts were isolated from different soil locations after their purification on Yeast Extract Peptone 

Dextrose Agar (YEPDA). Simples staining were performed for 24 h-cultures and observed with microscope for 

their morphological characters such as shape, size and budding. The obtained isolates were given specific names 

for further experimentation and easy recognition.  

Ethanol tolerance of each strain was studied by allowing the yeast to grow in liquid YEPD having different 

concentrations of ethanol i.e., 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 12% 13%, 14%, and 15% (Osho et al., 

2010). 

 

DNA extraction: 

 

Genomic DNA was extracted from pure yeast cultures, grew in YEPD media at 30°C for 24 hr. DNA was 

isolated from the two strains by following the method for devised by Sambrook and Russel (2001). The crude 

lysate (freshly prepared) was subjected to 26Sr RNA PCR partial amplification. 

 

rDNA isolation and sequencing: 

 

Partial sequences approximately 800bp of the isolates 26S rDNA were obtained using a strategy based on 

Boekhout et al. (1994). A divergent 5' domain of the gene was amplified using primers NL 1 (5'-

GCATATCAATAAGCGGAGGAAAAG) and NL4 (5' GGTCCGTGTTTCAAGACGG). PCRs were run for 25 

cycles: denaturation at 94
0
  C for 1 min, annealing at 50

0 
C for 2 min, and extension at 74

0 
C for 1.5 min. An 

initial 3 min denaturation at 94° C and a final 5min extension at 74° C were used. Amplified products were 

isolated with a silica matrix (Gene clean I1 Kit; BiolOl). The purified rDNA genes were sequenced using the 

external primers NL1 and NL4. Sequencing was performed using dyedeoxy sequencing chemistry. Phylogenetic 

relationships were determined according to Swofford (1993). 

 

Phylogenetic analysis: 

 

The 26S rDNA sequences obtained from PCR partial amplification, after adding to publically available 

yeast 26SrRNA sequences, were integrated to the data base with the automatic alignment tool. Phylogenetic tree 

was generated by performing distance matrix analysis using neighbor joining method. The data base was 

compared with the BLAST search (http://www.ncbi.nlm.nih.gov/BLAST/, NCBI, Bethesda, MD, USA) 

(Altschul et al., 1997; Benson et al., 1999). 
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Results And Discussion 

 

Isolation and Screening of ethanol tolerant yeast strains: 

 

Two yeast strains were isolated from two different soil locations. The isolated yeasts were purified by 

repeated sub-culturing of single colonies on the YEPA medium after incubation at 30°C for 24 h. The isolates 

were identified based on the colony morphology and microscopic observation. The two isolates exhibited 

smooth surfaces with circular margins. The colour of the colonies was white creamy. The cells were found to be 

of various shapes such as round and oval (Fig 1). The isolates were named Can1 and Can2.  

 

 
A                                       B                                      C                                         D      

 

Can1                                                                            Can2                                 

 

Fig. 1: Yeast colonies (A and C) and cells (B and D) of Can1 and Can 2 isolates, respectively   

  

The biochemical analysis of the isolates showed that the two strains could grow in presence of different 

carbon sources and peptone (Table 1). Two strains named Can1 and Can2 were found to be ethanol tolerant 

when they incubated at 30°C for 24h. Chatterjee et al. (2011) and Tikka et al. (2013) showed good yeast 

fermentation attributes, which might enhance ethanol yield that would contribute for the cost effective role in 

the production of bioalcohol and enzymes of industrial importance. 
 

Table 1: Carbon source utilized by yeast isolates. 
Isolate Carbon source 

Can 2 Can 1 

+++  +++  Glucose 

++ ++ Sucrose  

+++ +++ Fructose 

+ + Maltose 

+ ++  Sorbitol  

++ + Inositol  

+ + Lactose   

+++ +++  Peptone 

Growth: + = weak; ++ = moderate; +++ = very good. 
 

Ethanol tolerant: 

 

The tolerance levels of the two strains were determined (Table 2). The two strains were able to grow and 

tolerate up to 12% ethanol. Results showed also that Can 1 strain was more ethanol tolerant than Can 2 where it 

could grow to 0.032 cell density at OD595 compared with to 0.023 cell density of Can 2. Miguel et al. (2013) 

screened several yeast strains for ethanol tolerance, among them the Candida parapsilosis could only grow at 

4% ethanol. The two isolates in this study therefore represent a distinguished ethanol tolerant  strains among 

Candida parapsilosis. 

 Ethanol has two major effects on yeast; decreases the rates of growth and cell viability. 
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Table 2: Cell density* of the yeast isolates at various level of ethanol concentrations. 

Ethanol concentrations Strains 
15% 14% 13% 12% 11% 10% 9% 8% 7% 6% 5%  
0.001 0.002 0.032 0.083 0.189 0.231 0.443 0.777 0.944 1.224

7 

1.432 Can1 

0.000 0.001 0.023 0.066 0.152 0.201 0.383 0.633 0.899 1.139 1.333 Can2 

*Growth was measured by culture absorbance at 595nm 

 

PCR amplification of 26S rDNA: 

 

PCR targeting the 26S rRNA has been used extensively to study eukaryote diversity and allows 

identification of eukaryotes as well as the prediction of phylogenetic relationships (Pace, 1996, 1997 and 1999). 

Nucleic acids extracted from yeast colonies were subjected to primer designation to amplify a region of the 26S 

rRNA gene and the two isolates produced the expected size (ca. 800 bp as shown in Figure (2). This result does 

not indicate that the tested yeast belong to specific genus or a particular species, because the primer pair used 

was a universal yeast primer designed to classify related yeast according to sequencing results (Jennifer et al., 

2004). 

 

26S rDNA gene sequence similarity and phylogenetic analysis: 

 

Molecular identification of the isolated strains was carried out based on 26S rDNA sequence analysis. The 

partial sequence of 26S rRNA obtained from yeast strains were aligned with the available 26S rRNA sequences 

in Gen Bank data base. The 26S rRNA partial sequence of yeast isolates are presents in Figures (3 and 5). As a 

result, a phylogenetic tree was mapped using the neighbor joining method, and is shown in figures 4, 5 and 6. 

Phylogenetic analysis using the 26S rDNA sequences indicated that Can1 and Can2 belonged to the genus 

Candida and according to blast results, they were identified as Candida parapsilosis strains and named Candida 

parapsilosis Can 1 and Candida parapsilosis Can 2. 

 

 
Fig. 2: PCR product profiles of the two isolated strains 

 
ATTGCTCCCTAATCGGATGCCACATCCTAGGCCGAAGCCGCAGTCCTCAGTCTAAGCTGGCAGTATCGACAAAGACTATAACACACTACCGAAGCAG

TGCCACATTTCTTTGCACTTATCCTACCGCTCAAACTGATGCTGGCCCGGTAAACTGTAGAGGCCACCCCCGAGAGAGTAACATACAAAATACCAAGTCTG

ATCTCAAGCCCTTCCCTTTCAACAATTTCACGTACTTTTTCACTCTCTTTTCAAAGTTCTTTTCATCTTTCCATCACTGTACTTGTTCGCTATCGGTCTCTCGCC

AATATTTAGCTTTAGATGGAATTTACCACCCACTTAGAGCTGCATTCCCAAACAACTCGACTCTTCGAAGGAACTTTACATAGGTCTGGGACATCTCATCGC

ACGGGATTCTCACCCTCTGTGACGTTCTGTTCCAAGAAACATAGACAAGAGCCAGACCCAAAGATACCTTCTTCAAATTACAACTCGGACACTGAAAGTGC

CAGATTTCAAATTTGAGCTTTTGCCGCTTCACTCGCCGCTACTAAGGCAATCCCTGTTGGTTTCTTTTCCTCCGTAACGCAATGCAAATT 

 

Fig. 3: Partial 26S ribosomal RNA gene sequence of Candida parapsilosis Can 1 strain.  
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Fig. 4: Phylogenetic tree based on partial 26S rDNA sequence of Candida parapsilosis Can 1 strain. 

 

CTCCGTCCTTTCGATGCCACATCCTAGGCCGAAGCCGCAGTCCTCAGTCTAAGCTGGCAGTATC

GACAAAGACTATAACACACTACCGAAGCAGTGCCACATTTCTTTGCACTTATCCTACCGCTCAAAC

TGATGCTGGCCCGGTAAACTGTAGAGGCCACCCCCGAGAGAGTAACATACAAAATACCAAGTCTG

ATCTCAAGCCCTTCCCTTTCAACAATTTCACGTACTTTTTCACTCTCTTTTCAAAGTTCTTTTCATCT

TTCCATCACTGTACTTGTTCGCTATCGGTCTCTCGCCAATATTTAGCTTTAGATGGAATTTACCACC

CACTTAGAGCTGCATTCCCAAACAACTCGACTCTTCGAAGGAACTTTACATAGGTCTGGGACATCT

CATCGCACGGGATTCTCACCCTCTGTGACGTTCTGTTCCAAGAAACATAGACAAGAGCCAGACCCA

AAGATACCTTCTTCAAATTACAACTCGGACACTGAAAGTGCCAGATTTCAAATTTGAGCTTTTGCC

GCTTCACTCGCCGCTACTAAGGCAATCCCTGTTGGTTTCTTTTCCTCCGCTATTGGAAAATGCAAAT

T 

Fig. 5: Partial 26S ribosomal RNA gene sequenceof Candida parapsilosis Can 2 strain  

 

 
 

Fig. 6: Phylogenetic tree based on partial 26S rDNA sequence of Candida parapsilosis Can 2 strain. 



605 
Middle East j. Appl. Sci., 4(3): 600-606, 2014 

 

 

The 26S rRNA gene sequence is generally a highly conserved region, particularly in yeasts (Iwen et al., 

2002). Thus, it is foreseeable that 26S rRNA (D1/D2) gene sequence may not be an optimal marker for 

differentiating closely related species. 

Since the description of C. orthopsilosis and C. metapsilosis in 2005 (Tavanti et al., 2005), several methods 

have been proposed to identify and differentiate these species from C. parapsilosis sensu stricto. Tavanti et al. 

(2005) proposed PCR amplification of the SADH gene followed by restriction digestion with BamI, and used 

amplification fragment length polymorphism (AFLP) for identification and genotyping of about 400 isolates 

previously classified as C. parapsilosis. AFLP was shown to identify C. orthopsilosis (Tavanti et al., 2007) and 

C. metapsilosis (Hensgens et al., 2009) to the species level, and to be an efficient genotyping tool as well, 

delineating intraspecific genetic relatedness. Campa et al. (2008) developed an oligonucleotide microarray 

based on the arrayed-primer extension technique to simultaneously identify pathogenic fungi. They designed 

probes complementary to the ITS1 and ITS2 region for identification of 24 species, including C. parapsilosis, C. 

orthopsilosis and C. metapsilosis. Based on the major DNA fragments of the RAPD analysis profiles, Tay et al. 

(2009) identified the isolates as types P1 to P5. Sequence analysis of the ITS region of the isolates identified 

RAPD type P1 as C. parapsilosis, P2 and P3 as C. orthopsilosis, and P4 as C. metapsilosis. Van Asbeck et al. 

(2008) reported the correlation of RFLP genotyping with ITS sequence, RAPD and multilocus sequencing for 

the C. parapsilosis group. According to Borman et al. (2009), pyrosequencing analysis of 20 nucleotides of the 

ITS2 region rapidly and robustly distinguished the three species. Finally, Asadzadeh et al. (2009) introduced 

primers derived from unique sequences within the ITS1–5.8S rDNA–ITS2 region for the purpose of 

differentiating the three species. All these methods have the advantages of a sequencing-based approach, but are 

time consuming and labour intensive, and some are expensive. 

In conclusion, in this research we isolated and characterized two ethanol tolerant yeast strains which could 

tolerate up to 12% ethanol. Morphological, biochemical and molecular analysis were used for identification of 

the two strains and they named them Candida parapsilosis Can 1 and   Candida parapsilosis Can 2. 

 

References 

 

Abu Bakar, F., A.S. Abdulamir, N. Nordin and T.S. Yoke, 2010. Methods for precise molecular detection of 

probiotic microflora: using adjusted molecular biology protocols, primer sets and PCR assay. 

Biotechnology, 9: 25-32. 

Altschul, S.F., T.L. Madden, A.A. Schaffer, J. Zhang, W. Miller and D.J. Lipman, 1997. Gapped BLAST and 

PSI-BLAST: a new generation of protein database search programs. Nucleic Acids Res., 3389-3402. 

Asadzadeh, M., S. Ahmad, N. Al-Sweih and Z.U. Khan, 2009. Rapid molecular differentiation and genotypic 

heterogeneity among Candida parapsilosis and Candida orthopsilosis strains isolated from clinical 

specimens in Kuwait. J Med. Microbiol., 58: 745-752. 

Barnett, 1.A., R.W. Payne and D. Yarrow, 1990. Yeasts:Characteristics and Identiification.2nd edn. Cambridge : 

Cambridge University Press. 

Benson, D.A., M.S. Boguski, D.J. Lipman,  J. Ostell, B.F.F. Oullette, B.A. Rapp and D.L. Wheeler, 1999. 

GenBank.Nucleic Acids Res., pp: 12-17. 

Boekhout, T., C.P. Kurtzman, K. O’Donnell and M.T. Smith, 1994. Phylogeny of the yeast genera 

Hanseniaspora (anamorphKloeckera), Dekkera (anamorph Brettanomyces), and Eeniellaas inferred from 

partial 26s ribosomal DNA nucleotidesequences. Int. J.Syst. Bacteriol., 44: 781-786. 

Borman, A.M., C. J. Linton, D. Oliver, M.D. Palmer, A. Szekely, F.C. Odds and E.M. Johnson, 2009. 

Pyrosequencing analysis of 20 nucleotides of internal transcribed spacer 2 discriminates Candida 

parapsilosis, Candida metapsilosis, and Candida orthopsilosis. J. Clin. Microbiol., 47: 2307-2310. 

Brandt, M.E., D. Gaunt, N. Iqbal, S. McClinton, S. Hambleton, Manikprabhu and Lingappa 12 and L. Sigler, 

2005. False-positive Histoplasma capsulatum Gen-Probe chemiluminescent test result caused by a 

Chrysosporium species. J. Clin. Microbiol., 43: 1456-1458. 

Buchanan, J.R., and N.E. Gibbons, 1974. Bergey’s Manual of Determinative Bacteriology, 8th ed., The 

Williams and Wilkins Company, Baltimore. 

 Buzina, W., D. Lang-Loidolt, H. Braun, K. Freudenschuss and H. Stammberger, 2001. Development of 

molecular methods for identification of Schizophyllum commune from clinical samples.J. Clin. Microbiol., 

39: 2391-2396. 

Campa, D., A. Tavanti, F. Gemignani, C.S. Mogavero, I. Bellini, F. Bottari, R. Barale, S. Landi and S. Senesi, 

2008. DNA microarray based on arrayed-primer extension technique for identification of pathogenic fungi 

responsible for invasive and superficial mycoses. J. Clin. Microbiol., 46: 909–915. 

Chatterjee, S., B. Ghosh  and R.R. Ray, 2011. Isolation and characterization of local yeast strains from waste 

fruit juices, jaggery and dahi samples. Int. J. Chem. Sci., 9(2): 647-656. 

Cox, B.S., and E.A. Bevan, 1962. A nueploidy in yeasts. New Phytologist, 61: 342- 355. 

 



606 
Middle East j. Appl. Sci., 4(3): 600-606, 2014 

 

 

Ekunsanmi, T.J. and S.A. Odunfa, 1990. Ethanol tolerance, sugar tolerance and invertase activities of some 

yeast strains isolated from steep water of fermenting cassava tubers. Journal of Applied Bacteriology, 69: 

672-675. 

Hensgens, L.A., A. Tavanti, S. Mogavero, E. Ghelardi and S. Senesi, 2009. AFLP genotyping of Candida 

metapsilosis clinical isolates: evidence for recombination. Fungal Genet. Biol., 46: 750-758. 

Ho, N.W.Y., Z. Chen and P. Adam and A.P. Brainard, 1998. Genetically engineered Saccharomyces yeast 

capable of effective cofermentation of glucose and xylose. Appl.Environ. Microbiol., 64(5): 1852-1859.  

Iwen, P.C., S.H. Hinrichs and M.E. Rupp, 2002. Utilization of the internal transcribed spacer regions as 

molecular targets to detect and identify human fungal pathogens. Med. Mycol., 40: 87-109. 

Jennifer, L., A. Kirka, Lee, Beaudettea, Miranda Hartb, Peter Moutoglisc, N. John, Klironomosb, Hung Leea, T. 

Jack and Trevorsa, 2004. Methods of studying soil microbial diversity Journal of Microbiological Methods, 

pp: 169-188. 

Jiménez, J., and T. Benítez, 1988. Yeast cell viability under conditions of high temperature and ethanol 

concentrations depends on the mitochondrial genome. Curr. Genet., 13: 461-469. 

Kreger-van Rij, N., 1984. The Yeasts, a Taxonomic Study, 3
rd

 edn. Amsterdam: Elsevier Biomedical Press. 

Kurtzman, C.P., 1992. rRNA sequence comparisons for assessing phylogenetic relationships among yeasts. Int. 

J.Syst Bacteriol., 42: 1-6. 

Miguel, M.G.C.P., P.G. Cardoso, K.T. Magalhães-Guedes and R.F. Schwan, 2013. Identification and 

assessment of kefir yeast potential for sugar/ethanol-resistance. Brazilian Journal of Microbiology, 44(1): 

113-118. 

Miller, M.W., H.J. Phaff and H. Snyder, 1962. On the occurrence of various species of yeast in nature.E. 

Mycopathologia et Mycologia Applicata., 16: 1-18. 

Osho, A., T. Adetunji,  S.O. Fayemi and D.O. Moronkola, 2010. Antimicrobial activity of essential oils of 

Physalis angulata L. 7(4): 303-306. 

Pace, N.R., 1996. New perspective on the natural microbial world: molecular microbial ecology. ASM News: 

463-470. 

Pace, N.R., 1997. A molecular view of microbial diversity and the biosphere. Science, pp: 734-740. 

Pace, N.R., 1999. Microbial ecology and diversity. ASM News., pp: 328-333. 

Rakeman, J.L., U. Bui, K. La Fe, Y.C. Chen, R.J. Honeycutt and B.T. Cookson, 2005. Multilocus DNA 

sequence comparisons rapidly identify pathogenic molds. J. Clin. Microbiol., 43: 3324-3333. 

Sambrook, J., and D.W. Russel, 2001. Molecular cloning: A laboratory Manual (3rd ed.). Cold Spring Harbor, 

NY, USA: Cold Spring Harbor Press. 

Schwarz, P., S. Bretagne, J.C. Gantier, D. Garcia-Hermoso, O. Lortholary, F. Dromer and E. Dannaoui, 2006. 

Molecular identification of zygomycetes from culture and experimentally infected tissues. J. Clin. 

Microbiol., 44: 340–349. 

Sutton, S.V.W. and A.M. Cundell, 2004. Microbial identification in the pharmaceutical industry. Pharmacopeial 

Forum, 30: 1884-1894. 

Swofford, D.L., 1993. PAUP: phylogenetic analysis using parsimony, version 3.1. In Illinois Natural History 

Survey. Champaign : Illinois Natural History Survey. 

Tavanti, A., A.D. Davidson, N.A. Gow, M.C. Maiden and F.C. Odds, 2005. Candida orthopsilosis and Candida 

metapsilosis spp. nov. to replace Candidaparapsilosis groups II and III. J. Clin. Microbiol., 43: 284-292. 

Tavanti, A., L.A.M. Hensgens, E. Ghelardi, M. Campo and S. Senesi, 2007. Genotyping of Candida 

orthopsilosis clinical isolates by amplification fragment length polymorphism reveals genetic diversity 

among independent isolates and strain maintenance within patients. J. Clin. Microbiol., 45: 1455-1462. 

Tay, S.T., S.L. Na and J. Chong, 2009. Molecular differentiation and antifungal susceptibilities of Candida 

parapsilosis isolated from patients with bloodstream infections. J. Med. Microbiol., 58: 185-191. 

Tikka, C., H.P. Osuru, N. Atluri, P.C.V. Raghavulu, N.K. yellapu, I.S. Mannur, U.V. Prasad, S. Aluru, K.N. 

Varma and M. Bhaskar, 2013. Isolation and characterization of ethanol tolerant yeast strains. 

Bioinformation, 9(8): 421-425. 

van Asbeck, E., K.V. Clemons, M. Martinez, A.J. Tong, and D.A. Stevens, 2008. Significant differences in drug 

susceptibility among species in the Candida parapsilosis group. Diagn. Microbiol. Infect. Dis., 62: 106-

109. 

White, T.J., T. Bruns, S. Lee and J. Taylor, 1990. Amplification and direct sequencing of fungal ribosomal RNA 

genes for phylogenetics, pp: 315-322.  

 

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Ho%20NW%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20Z%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brainard%20AP%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Osho%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21731161
http://www.ncbi.nlm.nih.gov/pubmed?term=Adetunji%20T%5BAuthor%5D&cauthor=true&cauthor_uid=21731161
http://www.ncbi.nlm.nih.gov/pubmed?term=Fayemi%20SO%5BAuthor%5D&cauthor=true&cauthor_uid=21731161
http://www.ncbi.nlm.nih.gov/pubmed?term=Moronkola%20DO%5BAuthor%5D&cauthor=true&cauthor_uid=21731161

