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Identification of Candida albicans
by polymerase chain reaction
amplification of a CaYST1 gene
intron fragment
Claudia Baquero, Mercedes Montero, Rafael Sentandreu &
Eulogio Valentin
Departamento de Microbiologia y Ecología, Facultad de Farmacia, Universidad de Valencia, Burjassot,
Valencia, Spain

A single pair of primers, deduced from the intron nucleotide sequence of the
Candida albicans CaYST1 gene, was used in PCR analysis performed with both
genomic DNA and whole cells of clinical isolates of Candida species and other
microorganisms. All the clinical C. albicans isolates generated the expected 310
bp amplicon; other Candida species as well as laboratory strains belonging to
other fungal genera failed to amplify any DNA fragment, except for Candida
pseudotropicalis (amplicon of 1200 bp), Kluyveromices marxianus (amplicon of
1250 bp) and Cryptococcus neoformans (several amplicons longer than 1200
bp). Unusual C. albicans isolates from Africa also yielded the expected 310 bp
amplicon. These results indicate that genes containing intron sequences may be
useful to design species-specific primers for identification of fungal strains by
PCR. The sensitivity of the method was evaluated for C. albicans genomic DNA
by using both various DNA concentrations (224 ng to 2.7 pg) and different cell
amounts (107 to 5 cells). The results obtained may be useful in earlier detection
of candidiasis.
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Identificación de Candida albicans por amplificación
del intron del gen CaYST1 mediante reaccion en
cadena de la polimerasa
A partir de la secuencia nucleotídica del intrón del gen CaYST1 de Candida albi-
cans, se ha diseñado una pareja de oligonucleótidos cebadores que se ha
empleado en un análisis de PCR sobre ADN genómico y células enteras de
especies del género Candida y otros microorganismos. En todos los aislados clí-
nicos de C. albicans se generó el amplicón de 310 pb esperado; en otras espe-
cies de Candida, así como en otras cepas de laboratorio, pertenecientes a otros
hongos, no se generó ningún amplicón excepto en los casos de Candida pseu-
dotropicalis (amplicón de 1200 pb), Kluyveromices marxianus (amplicón de 1250
pb) y Cryptococcus neoformans (varios amplicones mayores de 1250 pb). En
aislados, poco comunes, de C. albicans procedentes de Africa también se gene-
ró el amplicón de 310 pb esperado. Estos resultados indican que los genes que
presentan intrones pueden ser de utilidad en el diseño de oligonucleótidos ceba-
dores específicos de especie para la identificación mediante PCR de cepas fún-
gicas. La sensibilidad del método se evaluó empleando diferentes cantidades
(de 224 ng a 2,7 pg) de ADN de C. albicans así como de distintas cantidades de
células (de 107 a 5). Los resultados obtenidos pueden ser útiles en una detec-
ción temprana de candidiasis.
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PCR identification of C. albicans
Baquero C, et al. 81

The frequency of systemic candidiasis infections in
patients with other serious illnesses has risen dramatically
in the past two decades [1] with a mortality rate from 50
to 80%, despite an adequate treatment [2]. In the absence
of pathognomic signs or symptoms, the diagnosis of can-
didiasis is usually based on the isolation and identification
of Candida by conventional morphology and assimilation
tests which can require three to five days, or even longer
for more difficult or unusual species [3]. The prognosis is
better with an early antifungal treatment [4], but such
empirical antifungal therapy may be toxic and costly and,
on the other hand, may increase selection of more-resis-
tant Candida species [5]. Thus, rapid and accurate identi-
fication methods of pathogenic fungi to the species level
would be clinically very helpful. The increasing knowled-
ge on the molecular genetics of Candida albicans has
allowed the use of molecular approaches to identify
Candida species. One of these involves the polymerase
chain reaction (PCR) method wherein different targets of
Candida DNA have been tested: either single copy genes
such as actin [6], chitin synthase [7], HSP 90 [8], and
EFB1 [9], or multicopy genes such as the gene coding for
rRNA [10-13].

In the present study we describe the use of primers
deduced from the C. albicans CaYST1 intron to specifi-
cally amplify by PCR assay a DNA fragment in C. albi-
cans strains. The CaYST1 gene codes for a protein which
is a component of the translational machinery and is well-
conserved among species [14].

MATERIALS AND METHODS

Microorganisms, media and growth conditions.
The microorganisms used in this study were obtained
from the CECT [15] (Table 1) except Candida dublinien-
sis NCPF 3649 (CD36) [16]. Clinical isolates identified as
Candida spp., mainly C. albicans, by standard microbio-
logical methods (isolation of yeast colonies on Sabouraud-
dextrose agar added with chloramphenicol, induction of
hyphal formation by serum and assimilation tests) were
also assayed, as were four unusual vaginal isolates of
C. albicans (glucosamine and N-acetylglucosamine nega-
tive) from Africa [17]: three from Madagascar (M82,
M335, M8621) and two from Angola (A1587, A1622a).
Laboratory strains and clinical isolates were grown on
solid or liquid YPD medium [18] at 30 °C. Cryptococcus
neoformans was grown similarly, except that YPD broth
was supplemented with 2.9% (wt/vol) NaCl to reduce cap-
sule formation.

Preparation of DNA. Rapid DNA preparation of
different microorganisms was made as described by
Ausubel et al. [19] for Saccharomyces cerevisiae. Briefly,
the cell suspensions were vortexed thoroughly following
addition of 0.3 g of glass beads (425-600 mm of diameter,
Sigma) and an equal volume of phenol-chloroform-iso-
amyl alcohol (24:24:1). After centrifugation, the aqueous
phase was collected and precipitated by adding ethanol.
The pellet was resuspended in TE (10 mM Tris-HCl,
1mM Na2EDTA, pH 8.0) and used for PCR analysis.

Labeling of DNA probe and Southern blot hybridi-
zation. The 325 bp DNA fragment, CaYST1-INT, derived
from C. albicans CaYST1 was labeled with digoxigenin
(DIG) by using a DIG-DNA Labeling Kit (Roche
Diagnostics). The PCR products were electrophoresed on
an agarose gel, transferred onto a Hybond-N nylon mem-
brane positively charged (Amersham Pharmacia) by capi-
llary action and baked at 120 °C for 30 min. The membrane
was subjected to hybridization with the labeled probe at 68
°C and then processed as described by Ramon et al. [20].

Rapid procedure for preparation of PCR samples.
Yeast cells were taken with a loop and resuspended in
29.7 ml of 10 mM NaOH, 0.5 % (vol/vol) Tween 20,
0.5% (vol/vol) Nonidet P-40, and then incubated 15 min
at 95 °C. Following the treatment the samples were added
to 20.3 ml of the PCR reaction mixture.

PCR assay. The synthetic oligonuleotides used
were primers INT1 (5’-AAGTATTTGGGAGAAGGGA-
AAGGG-3’) and INT2 (5’-AAAATGGGCATTAAGGA-
AAAGAGC-3’) deduced from the CaYST1 gene sequence
of C. albicans ( EMBL accession number AJ251858).

One unit of EcoTaq polymerase (Ecogen, Spain)
was added to 49.7 ml of a solution consisting of 16.6 mM
(NH4)2SO4, 2.5 mM MgCl2, 67 mM Tris-HCl (pH 8.8),
0.01% vol/vol Tween-20, 0.2 mM each of dATP, dCTP,
dGTP, dTTP, and unless otherwise stated, 500 ng of target
DNA and 0.3 mM of each primer (INT1 and INT2). DNA
was amplified in a PCR thermal cycler (Perkin Elmer
Gene Amp PCR System 2400) by using 1 cycle at 95 °C
for 3 min, and then 40 cycles as follows: 60 s of denatura-
tion at 94 °C, 30 s of annealing at 55 °C, and 45 s of pri-
mer extension at 72 °C. At the final cycle an additional
5 min of incubation at 72 °C was carried out ensure com-
plete polymerization of any remaining PCR products.

RESULTS AND DISCUSSION

Primers INT1 and INT2 deduced from CaYST1
intron sequence produced the expected 310 amplicon from
different C. albicans laboratory strains (data not shown);
this amplicon was sequenced and presented a 100% iden-
tity with CaYST1 intron (Figure 1). Since the intron
sequences are poorly conserved among microorganism
strains, we decided to use this 310 bp amplicon, which we
termed CaYST1-INT, to identify C. albicans from diffe-
rent sources.

In order to determine the specificity of INT1 and
INT2 primers, laboratory strains other than C. albicans
and other microorganisms were used. Under the experi-
mental conditions described in Materials and Methods,

Table 1. Order and designation of strains of various Candida species and
other non Candida microorganisms tested by PCR using INT1 and INT2
primers.

Lane No.a Microorganism Strain designation

1 C. boidinii CECT 1014
2 Torulospora delbruekii CECT 1015
3 C. atlántica CECT 1016
4 C. glabrata CECT 1448
5 Pichia guillermondii CECT 1437
6 Issatchenkia orientalis CECT 1433
7 C. intermedia var intermedia CECT 1431
8 Kluyveromices marxianus CECT 1432
9 C. zeylanoides var zeylanoides CECT 1441
10 C. sake CECT 1044
11 C. parapsilosis CECT 1449
12 C. mesenterica CECT 1025
13 C. catenulata CECT 1428
14 C. maritima CECT 1435
15 C. zeylanoides CECT 1434
16 Pichia jadinii CECT 1430
17 C. tropicalis CECT 1440
18 C. inconspicua CECT 1980
19 C. utilis CECT 1060
20 Cryptococcus neoformans CECT 1697
21 C. dubliniensis CD36 NCPF 3649
22 C. guillermondii CECT 1021
23 C. krusei CECT 10668
24 C. kefyr CECT 1436
25 C. glabrata CECT 1698
26 C. pseudotropicalis CECT 1018
27 C. tropicalis CECT 1005
28 Schizosaccharomyces pombe CECT 1375
29 C. albicans ATCC 26555 CECT 1472 

a: Lane numbers in figure 2.
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these primers were unable to amplify DNA extracted from
Candida atlantica, Candida boidinii, Candida catenulata,
C. dubliniensis, Candida glabrata, Candida guilermondii,
Candida inconspicua, Candida intermedia, Candida
kefyr, Candida krusei, Candida maritima, Candida
mesenterica, Candida parapsilosis, Candida sake,
Candida tropicalis, Candida utilis and Candida zeylanoi-
des, as well as Issatchenkia orientalis (sexual form of
C. krusei), Pichia guillermondii (sexual form of C. gui-
llermondii), Pichia jadinii (sexual form of C. utilis),
Schizosaccharomyces pombe and Torulospora delbrueckii
(sexual form of Candida colliculosa) (Figure 2). We
obtained positive PCR products from Candida pseudotro-
picalis (an amplicon of 1050 bp), Kluyveromyces marxia-
nus (an amplicon of 1250 bp) and C. neoformans
(different amplicons longer than 1100 bp) (Figure 2).
C. pseudotropicalis and C. kefyr are synonymus and ana-
morphic stages of K. marxianus. The fact that these orga-
nisms given different results could be indicative of a
substantial level of polimorphism in the target region. In
C. albicans the expected 310 bp amplicon was obtained.
Although some species other than C. albicans gave PCR
amplified products, their different lengths when compared
with the amplicon from C. albicans, suggests that combi-
nation of INT1 and INT2 primers in PCR assays could be
useful to identify C. albicans strains.

To further check this observation, and to evaluate
its potential in identification, PCR analysis using DNA
from clinical C. albicans isolates was performed. As
shown in Figure 3, the 310 bp fragments were amplified
in all 82 C. albicans isolates tested, indicating a high sen-

sitivity for the method. To confirm that these amplicons
were derived from the CaYST1-INT region, products
from 24 PCR-positive isolates were subjected to Southern
blot hybridization probed with CaYST1-INT, hybridizing
with all the amplified 310 bp fragments (data not shown).
Thus, we conclude that the 310 bp amplicons are derived
from the CaYST1-INT and suggest that they are contained
in all the C. albicans isolates tested. Four clinical isolates
of Candida species other than C. albicans (C. parapsilosis
and C. tropicalis) failed to amplify any DNA fragment.
The discriminatory power of the described test is strongly
supported by the fact that all five tested unusual vaginal
isolates of C. albicans from Africa yielded the expected
PCR-generated amplicons; these strains are unable to uti-
lize the amino sugars (glucosamine and N-acetylglucosa-
mine) as sole carbon source, and their correct
identification as C. albicans was made possible by using a
PCR-based method of DNA-fingerprinting [17].

Figure 1. Nucleotide sequence of CaYST1-INT. The primers INT 1 and
INT2 are in bold.
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Figure 2. PCR-generated DNA products obtained with primers INT1 and
INT2 deduced from the C. albicans CaYST1 intron sequence, electro-
phoresed on an agarose gel and ethidium bromide stained. DNA digested
with EcoRI / HindIII is shown in kb (DNA standard size). Lane numbers in
table 1.

Figure 3. Ethidium bromide-stained PCR amplicons from genomic DNAs of
different C. albicans clinical isolates. l DNA digested with EcoRI / HindIII is
shown in kb (DNA standard size), NC means negative control. 

Figure 4. (A) Sensitivity of the PCR assay determined by ethidium bromide
staining. Lanes 1 through 15, PCR amplicons obtained from: 224 ng,
22.4 ng, 11.2 ng, 5.6 ng, 2.8 ng, 1.4 ng, 0.7 ng, 350 pg, 175 pg, 87.5 pg,
43.7 pg, 21.8 pg, 10.9 pg, 5.4 pg and 2.7 pg of C. albicans ATCC 26555
genomic DNA. NC means negative control. (B) Sensitivity of DNA detection
by PCR of C. albicans ATCC 26555 determined by ethidium bromide stai-
ning. Template DNAs were prepared from 107 to 5 cells by a rapid procedu-
re, as described in Materials and Methods. 
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The sensitivity of the PCR assay was evaluated
with isolated DNA at various concentrations (from 224 ng
to 2.7 pg) of C. albicans genomic DNA. Our primer set
(INT1 / INT2) was able to amplify 5.4 pg of C. albicans
DNA (Figure 4A), and Southern blot analysis with the
CaYST1-INT probe confirmed the specificity of the
amplicon (data not shown).

To examine the utility of C. albicans-specific PCR
test for clinical samples we attempted to establish a rapid
procedure for preparation of PCR samples from C. albi-
cans cells. The treatment of these cells with a solution
containing NaOH, Tween 20 and Nonidet P-40 (see
Materials and Methods), followed by the PCR assay,
resulted in an amplification of the target sequence of the
310 bp DNA fragment (Figure 4B). To determine the
detection limit, 10-fold dilutions of C. albicans were
made. As shown in Figure 4B, the detection limit of
C. albicans cells was in the order of 104 cells/ml. Since
fewer than 104 yeast cells per ml of urine are suspected to

colonize in an asymptomatic patient with renal candidiasis
[21], our PCR assay could be useful for detecting C. albi-
cans cells in these cases.

The results in this report indicate that genes contai-
ning intron sequences could well be useful to design spe-
cific primers for identification of Candida strains at the
species level. A PCR method to identify C. albicans and
C. dubliniensis isolates, which uses species-specific pri-
mers from EFB1 and ACT1 intron sequences respectively
[9,22] has recently been described. Identification of
Candida species could be clinically very beneficial from a
prognostic and therapeutic point of view [23-26]. Further,
these PCR approaches could also be important in epide-
miological and taxonomic studies.
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