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ABSTRACT

By using RAPD method, a total of 28 primers were screened for discrimination among Candida 
albicans isolates. Seven of these primers were selected because they presented reproducible DNA 
banding patterns for all the strains of C. albicans. The same genetic profile was obtained by RAPD 
method using OPG 14 (5’-GGATGAGACC-3’) while the OPG 17 (5’- ACGACCGACA-3’) 
demonstrated capacity to differentiate the isolates of C. albicans in 4 genotypes. According to the 
results obtained, we concluded that by using these primers, the RAPD analysis may be useful in 
providing genotypic characteristics for C. albicans in epidemiological investigation.
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INTRODUCTION

The incidence of Candida infections has markedly increased over the 
last decades, particularly among hospitalized patients and immunocompromised 
hosts (10, 12) and the most common etiological agent is Candida albicans (16, 18). 
Many different methods have been utilized to differentiate C. albicans isolates to 
assess a variety of epidemiological questions regarding this organism. Advances 
in molecular biology have allowed the use of fingerprinting methods such as 
karyotyping using pulsed field gel electrophoresis (PFGE), restriction fragment 
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length polymorphism (RFLP), randomly amplified polymorphic DNA analysis 
(RAPD), and Southern hybridization with moderately repetitive DNA probes for 
detection and typing of Candida strains and for differentiation of the species (3, 7, 8, 
15, 17, 22). The RAPD method is less time consuming, easy to apply and it has been 
used by several investigators to detect inter-strains variation in pathogenic yeasts 
and for Candida species identification (19, 20, 24).

In this work we investigated whether 28 different primers were able to 
amplify and to characterize C. albicans isolates using the RAPD method.

MATERIALS AND METHODS

Patients and C. albicans isolates 

A total of 14 C. albicans isolates designated as Ca 21, 24, 35, 38, 46, 47, 
58, 60, 69, 71, 72, 75, 83, and 91 were recovered from oral mucosa of 14 AIDS 
patients, under care at the Hospital for Tropical Diseases (HDT) in Goiânia, Goiás 
state, Brazil. The subjects were diagnosed as group IV according to the criteria 
defined by the CDC (Center for Disease Control and Prevention, Atlanta, USA). 
All the participants agreed with the research and the study was approved by the 
Bioethics Committee of HDT. Material from lesions of mouth was cultured on 
Sabouraud dextrose agar and the yeast isolates were identified as C. albicans by 
the production of characteristic germ tubes, development of chlamydospores in 
corn meal agar containing Tween 80, and assimilation and fermentation of carbon 
sources, as recommended by Kurtzman & Fell (11). Identification was confirmed by 
API 20C Aux System for yeasts (BioMerieux, Marcy L’ Etoile, France). C. albicans 
ATCC 10231 and C. parapsilosis 22019 were included as controls. Additional tests 
as cultivation on CHROMagar Candida medium (CHROMagar, Paris, France), 
growth at 45oC on agar Sabouraud dextrose and in hypertonic Sabouraud broth, and 
assimilation tests using xylose and α-methyl-D-glucoside (6, 9) were used to help 
us to discriminate between C. albicans and Candida dubliniensis.

DNA extraction

DNA was extracted as described by Sherer & Stevens (21). Briefly, yeasts 
cells were cultured on YEPD broth (1% yeast extract, 2% peptone, 2% dextrose) and 
incubated overnight at 37ºC with shaking (240 rpm). The yeast cells were collected 
by centrifugation, suspended in 1 ml of 1M sorbitol-50mM phosphate buffer (pH 
7.5) containing 2% of β-mercaptoethanol (Sigma Chemical Co, St Louis, MO) and 
2 mg of yeast lytic enzyme (lyticase, Sigma). After 1h of incubation at 37oC, the 
suspension was centrifuged and the pellet was suspended in 0.5 ml of 50 mM EDTA 
(pH 8.0)-0.2% sodium dodecyl sulfate, and incubated at 70ºC for 30 minutes. After 
the addition of 5 M potassium acetate, the suspension was left at 0ºC for 30 minutes 
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and then centrifuged. The supernatant was treated with RNase and the DNA was 
extracted with an equal volume of chloroform isoamyl alcohol and precipitated with 
cold ethanol. Finally, the DNA was dissolved in 100 µL of TE buffer.

Randomly Amplified Polymorphic DNA analysis 

Twenty eight random primers from Operon Technologies 
(Bio technologies) ,  OPG 01 (5’ -CTACGGAGGA-3’) ,  OPG-02 
(5’-GGCACTGAGG-3’), OPG-03 (5’-GGCACTGAGG-3’), OPG-04 
(5’-AGCGTGTCTG-3’), OPG-05 (5’-CTGAGACGGA-3’), OPG-06, 
(5’-GTGCCTAACC-3’), OPG-07 (5’-GAACCTGCGG-3’), OPG-08 
(5’-TCACGTCCAC-3’), OPG-09 (5’-CTGACGTCAC-3’), OPG-10 
(5’-AGGGCCGTCT-3’), OPG-11 (5’-TGCCCGTCGT-3’), OPG-12 
(5’-CAGCTCACGA-3’), OPG-14 (5’-GGATGAGACC-3’), OPG-15 
(5’-ACTGGGACTC-3’), OPG-16 (5’- AGCGTCCTCC-3’), OPG-17 
(5’-ACGACCGACA-3’), OPG-18 (5’-GGCTCATGTG-3’), OPG-19 
(5’-ACGACCGACA-3’), OPG-20 (5’-TCTCCCTCAG-3’), OPO-01 
(5’-GGCACGTAAG-3’), OPO-02 (5’-ACGTAGCGTC-3’), OPO-03 
(5’-CTGTAGCGTC-3’), OPO-04 (5’-AAGTCCGCTC-3’), OPO-05 
(5’-CCCAGTCACT-3’), OPO-06 (5’-CCACGGGAAG-3’), OPO-08 
(5’-CCTCCAGTGT-3’), OPO-13 (5’-GTCAGAGTCC-3’), OPC-01 (5’- 
TTCGAGCCAG-3’) were used in RAPD analysis for 14 C. albicans isolates. The 
isolate of C. albicans ATCC 10231 was included in this study.

Amplification reactions were performed in a mini cycler (Perkin-Elmer 
Cetus). The RAPD was performed as follows: a reaction volume of 25 µL 
contained each 0.2 mM deoxynucleoside triphosphate, 2.5 mM magnesium 
chloride, 1 µM of primer, Taq buffer, 0.5 U of Taq polymerase (Invitrogen), and 
50 ng of candidal DNA as template. The first five cycles included 2 minutes 
of denaturation at 98oC, 2 minutes of annealing at 50oC and 1 min of primer 
extension at 35oC, followed by 35 cycles of 1.5 minutes at 92oC, 1.0 min at 
35ºC, 2.5 min at 92ºC and the final extension step was prolonged at 72ºC for 5 
min. The resulting DNA fragments were separated through a 0.8% agarose gel 
stained with ethidium bromide, and then visualized over a source of UV light and 
photographed. The sizes of the DNA fragments were determined by comparison 
with a molecular weight marker (λ/Hind III). All the isolates were typed twice to 
assess the reproducibility of this technique.

The DNA fragment profiles were analyzed by the presence or absence 
of amplification product in agarose gels. To do this conversion, DNA fragments 
were labeled based on their migration in the gel, usually starting from the top to the 
bottom. The criterion used for genotyping was the difference in banding positions 
of the isolates in each of the RAPD assays. Bands were included in the analysis, if 
they were visible, regardless of their intensity.
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RESULTS

Among the 28 primers analyzed, seven were selected, OPG-02; OPG-05; 
OPG-11; OPG-14; OPG-16; OPG-17; and OPG-18, because they presented 
reproducible DNA banding patterns for all the strains of C. albicans. The same genetic 
profiles was obtained by RAPD method using OPG 14 (5’-GGATGAGACC-3’), 
while the OPG 17 (5’- ACGACCGACA-3’) produced multiple banding patterns 
with fairly equal intensities eliciting 4 different genotypes. The RAPD profiles 
obtained with the primers OPG 14 and OPG 17 are showed in Figures 1 and 2. OPG 
02, OPG 05, OPG 11, OPG 16, and OPG 18 showed only two genotypes among all 
the C. albicans isolates.

The seven primers yielded RAPD profiles that ranged from 100 to 1800 
base pairs (bp) for 14 clinical C. albicans isolates. Interestingly, we observed that in 
all isolates bands of approximately 600 bp and 450 bp were present (conserved) for 
all primers analyzed. The strain C. albicans ATCC 10231 showed profile similar to 
OPG 14 (data not shown).

Figure 1. Random amplified polymorphic DNA patterns obtained with the primer 
OPG 14 for C. albicans isolates recovered from AIDS patient oral 
mucosa. Lines 1-14: Isolates Ca 21, 24, 35, 38, 46, 47, 58, 60, 69, 71, 
72, 75, 83, 91. Line C: Hind III Lambda DNA size marker standards.
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Figure 2. Random amplified polymorphic DNA patterns obtained with the primer 
OPG 17 for C. albicans isolates recovered from AIDS patients oral 
mucosa. Lines 1-14: Isolates Ca 21, 24, 35, 38, 46, 47, 58, 60, 69, 71, 
72, 75, 83, 91. Line C: Hind III Lambda DNA size marker standards.

DISCUSSION

C. albicans is a pathogen associated with both systemic and superficial 
infections, especially in AIDS patients (5, 14). It is unclear whether the pathogenicity 
of these isolates is due to the genotypic characteristics or to favorable conditions 
present in hosts. It is probable that the two factors interfere in the pathogenicity of 
this yeast, thus their characterization is important.

Previous studies showed that the genetic polymorphism of Candida 
species could be used for typing these yeasts (1, 3, 4). RAPD assays has been 
used to type Candida with discriminatory power (25), and in some cases may 
be important for Candida species identification, increasing the capability of the 
traditional methods as biochemical, physiological, and micromorphological tests 
used for strains identification (24). This method has several advantages over other 
methods. It is a fast method and uses only a small amount of DNA (2, 13,15,23). We 
were particularly interested in determining whether the different primers were able 
to amplify and to characterize C. albicans isolates.

Genotypic differentiation among the isolates was verified by using the 
OPG 17 that elicited 4 different genotypes in 14 Candida isolates, while the OPG 
14 showed the same genotype profile for this yeast. The dissimilar band profiles 
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obtained by OPG 17, imply on high degree of genetic diversity in C. albicans. 
Different genotype profiles with isolates of same species have been detected by other 
authors (2, 20). In the other hand, the conservation of bands of 600 bp and 450 bp 
observed for all isolates can be useful for identification and for the epidemiological 
studies of C. albicans by using RAPD method.

In our study we observed that the discriminatory power of RAPD assays 
rest upon the nature of the primer. According to Dassanayake et al. (4) the resolution 
of PCR mediated typing of Candida strains depends heavily on the choice of 
primers. In the present study the primer OPG 17 used was able to point out the 
genomic variability within the Candida albicans isolates.

Declaration of interest: The authors report no conflicts of interest. All the work was performed 
exclusively by authors.

RESUMO

Perfil de amplificação randômica de DNA polimórfico (RAPD) de isolados de 
Candida albicans utilizando diferentes iniciadores

Usando o método de amplificação randômica de DNA polimórfico (Randomly 
Amplified Polymorphic DNA analysis, RAPD), um total de 28 iniciadores 
(primers) foi estudado para discriminar entre os isolados de Candida albicans. 
Sete destes primers foram selecionados porque apresentaram padrões de banda de 
DNA reprodutíveis para todos os isolados de C. albicans. O mesmo perfil genético 
foi obtido usando OPG 14 (5’-GGATGAGACC-3’), enquanto o OPG 17 (5’- 
ACGACCGACA-3’) demonstrou capacidade de diferenciar os isolados em quatro 
genótipos. De acordo com os resultados obtidos, nós concluímos que usando estes 
primers, a análise de RAPD pode ser útil em prover características genotípicas em 
investigações epidemiológicas.

DESCRITORES: Candida albicans. Perfil. RAPD.
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