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ABSTRACT

Yeasts of the genus Candida are of clinical importance and also have many industrial applications, mainly in
the food industry. The yeast Candida guilliermondii FT1 20037 has been extensively studied in order to
establish a biotechnological process for the production of xylitol. The goal of this study was to verify the
taxonomic classification of this strain based on the analysis of rDNA sequences and the xy// gene. DNA
fragments from these sequences were amplified by PCR and BLAST analysis revealed strong identity with
the corresponding sequences from Candida tropicalis. Based on these results, we propose that C.
guilliermondii FT1 20037 must be reclassified as C. tropicalis.
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INTRODUCTION

Yeasts of the genus Candida are ascomycetes generally
found in the unicellular form but many species may exhibit hyphal
growth. Some yeasts of this genus are involved in important
human opportunistic infections. In addition to their clinical
importance, these yeasts have many industrial applications,
mainly in food industry. Some species are known to produce
xylitol, a product of great economic interest due to its
anticariogenicity and sweetening properties which have been
exploited in the production of foodstuffs, odontological
products and pharmaceuticals. Among the xylitol-producing
yeasts of this genus, Candida tropicalis and Candida
guilliermondii are the most important, with yields above 0.7g
xylitol/g xylose. Although many Candida species are
pathogenic opportunists, the Food and Drug Administration
(FDA) has permitted

C. guilliermondii (ATCC 20474) and Candida lipolytica to
be used in food for human consumption as Secondary Direct
Food Additives in the production of citric acid (5).

The aim of this study was to use a molecular biology
approach to verify the classification of xylitol-producing yeast
which was originally assigned as C. guilliermondii FT120037
(1). This approach involved the analysis of two ribosomal DNA
sequences commonly used in molecular phylogenetic studies:
internal transcribed spacer region (ITS) (6) and the 5' end of
the 28S large-subunit ribosomal DNA gene (5'LSU) (4). In order
to expand our phylogenetic analysis we have cloned and
sequenced the xy// gene which codes for xylose redutase (EC
1.1.1.21), the enzyme that converts xylose to xylitol.

MATERIALS AND METHODS

Strains and media

The yeast C. guilliermondii FTI 20037 has been described
elsewhere (1). As a control in PCR experiments, we used DNA
purified from an isolate of C. guilliermondii which was a kind
gift of Mdnica Damasceno (UFRJ). Yeasts were routinely
cultivated on YPD medium (yeast extract 10 g/L, peptone20 g/L,
dextrose 20 g/L).
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Escherichia coli DH5a was used as host for molecular
cloning procedures. E. coli was cultivated on LB medium
(tryptone 10 g/L, yeast extract 5 g/L, NaCl 10 g/L) containing
ampicillin (100 mg/mL).

PCR Amplification

Yeast genomic DNA was prepared by the method described
by Burke ez al. (2). ITS region was amplified using primers ITS1
and ITS4 according to previously described protocols (6). The
5'LSU region was amplified with primers CTB6 and TW13
according to Haynes et al. (4). Primers used for amplification of
xylose reductase gene sequences are listed in Table 1. PCR was
carried out in a 25 mL volume with: 0.25 mM dNTP, 3.5 MgCl,,
3 mM each primer, 1X 7ag polymerase buffer, 2 U Taq polymerase
and 0.5 mg of yeast DNA as template. Reaction mixtures were
subjected to 45 amplification cycles, each cycle being: 95°C/
Imin; 55°C/90s; 72°C/90s. Amplicons were resolved by
electrophoresis on 1% agarose gel.

DNA sequencing and analysis

PCR products were cloned into the commercial vector TOPO
(Invitrogen); plasmid DNA was prepared with the Wizard Plus
SV Minipreps kit (Promega). Cycle sequencing was performed
using the MegaBACE Dye Terminator procedure (Amersham
Biosciences) and reactions were analysed in a MegaBACE 1000
automatic sequencer (Amersham Biosciences). Sequences were
analysed against GenBank using the BLAST algorithm.

RESULTS AND DISCUSSION

Amplification of rDNA and xylose reductase DNA sequences
The ITS and 5’LSU regions from C. guilliermondii FT120037
were amplified by PCR yielding fragments with the expected
sizes of 524 bp and 640 bp, respectively (Fig. 1A). These
fragments were cloned, sequenced and BLAST analysis
revealed high identity with the corresponding sequences from
C. tropicalis (Table 2). In order to further confirm this result we
analysed the sequence of the xylose reductase gene which has
been previously described for both C. guilliermondii and C.
tropicalis. Primers designed to specifically amplify the C.

Table 1. Primers used for amplification of xylose reductase gene
sequences.

Primer Sequence (5 ->3)
5XRORF CAGATCTGCTATGTCTATCAAGTTAAA
3XRORF CAGATCTTAGATGAAAGTTGGAATCTT
5Xylla CAGATCTACCATGTCTACTACTCCTAC
3Xyll CAGATCTTTAAACAAAGATTGGAATGT
5XylInt TACAGATTATTTGATGGTGCTG
3XyllInt GGTTGTTGCAAGTATGGGTG
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guilliermondii xyll gene (SXRORF/3XRORF) were unable to
yield any products when genomic DNA of C. guilliermondii
FTI20037 was used as template (Fig. 1B). A new set of primers
were then designed based on the xy// sequence described for
C. tropicalis (Fig. 2) and PCR analysis yielded fragments of the
expected sizes (Fig. 1C). The product of primers 5xylla/3xyll
was sequenced and BLAST analysis revealed that it was more
related to the xy// gene from C. tropicalis (99%) than to C.
guillermondii (77%) (Table 2).
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Figure 1. PCR amplification of ITS/5'LSU fragments (A) and xy//
(Band C). A -Lane 1: EcoRI/Hindlll; Lanes 2 and 3: amplification
with ITS1 and ITS4; Lanes 4 and 5: amplification with CTB6 and
TW13.B - Lane 1: 1 kb ladder; Lanes 2 and 3 amplification with
SXRORF/3XRORF. C - Lane 1: 1 kb ladder; Lanes 2 to 5:
amplification with Sxylla/3xyl1, Sxylla/3xyllint, Sxyllint/3xyl1 and
Sxylint/3xyllint, respectively. DNA templates: CG (C. guillermondii
—control), CGFTI(C. guillermondii FT120037)

Table 2. Summary of the results from BLAST analysis with
sequences amplified from C. guilliermondii FT120037.

Sequence BLAST result Identity E-value
Candida tropicalis o
(acession # AF321539) %6% 00
ITS - - —
Candida guillermondii 96% 20-85
(acession # AY 168784.1) ° ¢
Candida tropicalis o
sy | (acession # AF267497) 86%  4e-39
Candida tropicalis 999 0.0
(acession # AB002105.1) ’ '
Candida guillermondii o
(acession # AF020040.1) /70 3ell
xyll - —
Candida tropicalis 96% 0.0
(acession # AF321539) ’ '
5xylla 3xyll int
...... | XYL1 EREE
Sxyll int 3xyll
100pb

Figure 2. Relative annealing positions of the primers designed for
PCR amplification of the xylose reductase (xy//) gene sequences.
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C. guilliermondii FT1 20037 has been extensively studied
since 1988 in order to establish a biotechnological process for
the production of xylitol. Based on the results presented in this
work we propose that

C. guilliermondii FTI1 20037 must be classified hereafter as
C. tropicalis, an yeast that is closely related to C. guillermondii
and which is also known to produce xylitol.

RESUMO

Reclassificacdo de Candida guilliermondii FT120037
como Candida tropicalis baseada na analise
filogenética molecular

As leveduras do género Candida possuem tanto
importancia clinica como diversas aplicagdes industriais,
principalmente na industria de alimentos. A levedura Candida
guilliermondii FT1 20037 tem sido exaustivamente estudada
pois pretende-se utiliza-1a no estabelecimento de um processo
biotecnologico para a produg@o de xilitol. O objetivo deste
trabalho foi verificar a classificagdo taxonomica desta levedura
por analise de sequéncias do rDNA e do gene xy//. Fragmentos
correspondentes a estas regides foram amplificados por PCR e
a analise destas sequéncias por BLAST revelou alta identidade
com sequéncias correspondentes de Candida tropicalis. Estes
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resultados nos levam a propor que C. guilliermondii FT120037
deva ser reclassificada como C. fropicalis.

Palavras-chave: Candida guilliermondii, Candida tropicalis,
DNA ribossomico, xilitol.
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