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ABSTRACT

Six strains of ascomycetous yeasts belonging to two yeast species of the genus Candida were isolated from fruiting bodies

of mushrooms in Taiwan. All of the strains examined had typical morphological, physiological, and molecular characteris-

tics of Candida fragi and C. valdiviana, two newly recorded yeast species in Taiwan.
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Introduction

Yeasts of no distinctive cellular morphology that
lack a known sexual cycle and propagate by mul-
tilateral buddings have been assigned to the ge-
nus Candida (Daniel et al. 2014), which contains
approximately 300 species (Lachance et al.
2011). With suggestions from multi-gene se-
quence analyses, the taxonomy of Candida is in-
creasing over time to be a reclassification of
some Candida clades e.g., Kurtzmaniella La-
chance & Starmer (Lachance and Starmer, 2008)
and Sugiyamaella Kurtzman & Robnett (Kurtz-
man and Robnett, 2007).

During a survey on the yeast diversity associated

with fruiting bodies of mushrooms in Taiwan, six

*Corresponding author, e-mail: leecfl@mx.nthu.edu.tw

strains representing two yeast species were iso-
lated and identified as C. fragi and C. valdiviana,
which have not been reported in Taiwan previ-
ously. In this study, morphological and physio-
logical characteristics are described, and the
D1/D2 domain of the large ribosomal subunit
(LSU) rDNA, the internal transcribed spacer
(ITS) region and electrophoretic karyotypes of

these two species were analyzed.

Materials and Methods

To isolate the yeasts from the mushroom fruiting
bodies (Hsieh et al. 2010), approximately 1.0 g
of samples was placed into a tube containing 9
mL of yeast extract-malt extract broth (YMB;
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Fig. 1. Candida fragi and C. valdiviana. A, B. C. fragi EN1MO03. A. Vegetative cells grown on YM agar for 3 days at 25°C.

Bar, 10 pm. B. Pseudohyphae grown on corn meal agar for 2 weeks at 25°C. C, D. C. valdiviana GE17L11. C. Vegetative

cells grown on YM agar for 3 days at 25°C. D. Pseudohyphae grown on corn meal agar for 2 weeks at 25°C. Bars in A, C

=10 um; B, D =25 pm.

1% glucose, 0.5% peptone, 0.3% yeast extract,
0.3% malt extract, pH 5.4) supplemented with 50
pug/mL of chloramphenicol and then vortex
mixed. One-tenth of a milliliter of these suspen-

sions and appropriate decimal dilutions was

spread on acidified YM agar (AYMA, with the
same gradients as YMB except for adding 2.0%
agar, pH 3.5) or Dichloran rose Bengal chloram-
phenicol agar (DRBC, Merck, Darmstadt, Ger-
many) and the plates incubated at 24°C for 3 days.
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Representative colonies were selected, and the
yeasts were purified by streaking onto YMA and
grown for 3 days at 24°C. All isolated strains
were stored in the freezer at -70°C with 30%
glycerol (w/v) added as a cryoprotectant for
long-term preservation and/or remained on
YMA at 4°C for short-term preservation. The
morphological, physiological, and biochemical
characteristics of the strains were determined as
described by Kurtzman et al. (2011).

The yeast genomic DNA was extracted and puri-
fied using a Genome DNA Extraction kit (Biokit
Co., Miaoli, Taiwan). The D1/D2 domain of the
LSU rDNA, and ITS region were amplified using
primers NL1 and NL4 (Kurtzman and Robnett,
1998), and ITS1 and ITS4 (White et al., 1990),
respectively. The sequences obtained in this
study were compared with those in the GenBank
database using BLASTN (https://www.ncbi.nlm.
nih.gov). The sequences were initially aligned
using the multiple alignment program CLUS-
TAL X 1.83 (Thompson et al., 1997). A phylo-
genetic tree was constructed using the maxi-
mum-likelihood (ML) method with the MEGA
version 7.0 software package (Kumar et al.,
2016). The strain of Candida glucosophila
NRRL Y-177817 (U45849) was used as an out-
group. Bootstrap analysis was performed from

1000 bootstrap replications (Felsenstein, 1995).

The intact chromosomal DNAs used for Pulsed-
field gel electrophoresis (PFGE) were prepared
as described by Lee et al. (2009a, b). A Rotaphor
6.0 rotating field electrophoresis apparatus (Bi-
ometra, Taipei, Taiwan) was used to separate
chromosomal DNA. The conditions of PFGE
were modified by the method described by to Lee
et al. (2009a, b). The electrophoresis program

was completed in 3 steps with a total run time of
72 hr: Step 1, field switch time of 90-120 sec for
15 hr at 180V; Step 2, switch time of 120-360 sec
for 18 hr at 120V; Step 3, switch time of 360-
1200 sec for 39 hr at 80V. The agarose gel was
1% and the temperature of the running buffer
was maintained at 13°C throughout the electro-

phoresis.

Taxonomy

Candida fragi M. Suzuki, T. Nakase & Y. Fuka-
zawa, J Gen Appl Microbiol 37: 423-429. 1991.

After growth in YM broth at 25°C for 3 days,
streak cultures are cream colored, smooth, con-
vex, butyrous, and entire margin. Cells are ellip-
soidal to ovoid, 2-4 x 3-6 um, and occur singly
or in pair (Fig. 1a). Mycelium and pseudomyce-
lium were found on cornmeal agar (Fig. 1b). No
sexual activity and ballistospores are observed
on cornmeal agar or YM agar. Glucose is fer-
mented. D-Glucose, D-galactose, L-sorbose, D-
xylose, sucrose, maltose, salicin, arbutin,
melezitose, glycerol, ribitol, sorbitol, D-mannitol,
D-glucono-1,5-lactone, 2-keto-D-gluconate, D-
glucuronate, ethanol and N-acetyl-glucosamine
are assimilated, but D-glucosamine, D-ribose, L-
arabinose, D-arabinose, L-rhamnose, o,o-treha-
lose, methyl-a-D-glucoside, cellobiose, melibi-
ose, lactose, raffinose, inulin, starch, erythritol,
xylitol, L-arabinitol, galactitol, myo-inositol, 5-
keto-D-gluconate, D-gluconate, D-galacturonic
acid, DL-lactate, succinate, citrate, methanol,
propane-1,2-diol and butane-2,3-diol are not as-
similated. Ethylamine, L-lysine and cadaverine
are assimilated. Growth in vitamin-free medium
is positive. Growth in 0.01% cycloheximide is

negative. Growth in 50% D-glucose is negative.
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Fig. 2. Maximum likelihood phylogenetic tree based on the D1/D2 domain of the LSU rDNA sequences showing the

relationship of Candida species. The Candida strains investigated in this study are boldfaced. Bootstrap values based on

1000 replicates are given at branch nodes. Bar = 0.02 substitutions per nucleotide position. T = Type strain.

Growth in 10% NaCl are negative. Growth oc-
curs at 25°C but not at 30°C. Production of
starch-like compounds and acetic acid are nega-
tive. Diazonium blue B reaction and urease ac-

tivity are negative.

Strains examined. The strain EN1MO03 was iso-

lated from a fruiting body of Russula sp. col-
lected in Jianshin, Hsinchu, Taiwan in 2007. The
strain EN3MO06 was isolated from a fruiting body
of Flamella sp. collected in Jianshin, Hsinchu,
Taiwan in 2007. The strain EN12MO07 was iso-
lated from a fruiting body of Tricholoma sp. col-
lected in Jianshin, Hsinchu, Tainan, Taiwan in
2007. The GenBank/EMBL/DDBJ accession
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Fug 3. A. Electrophoresis karyotypes of three isolates and the type strain of C. fragi. Lane 1, Marker (Saccharomyces
cerevisiae YPH 80); Lane 2, C. fragi BCRC 22806T; Lane 3, EN1MO03; Lane 4, EN3MO06; Lane 5, EN12MO07. B. Electro-

phoresis karyotypes of three isolates and the type strain of C. valdiviana. Lane 1, Marker (Saccharomyces cerevisiae YPH

80); Lane 2, C. valdiviana BCRC 226467; Lane 3, GJ7MO1T; Lane 4, GI17MO05; Lane 5, NY 14M13.

numbers for the D1/D2 domain of the LSU
rDNA sequences obtained in this study are
FJ873472, FI873474 and HM461611, and those
for the ITS regions are HM461638, HM461639
and HM461640.

Notes. The three strains that we isolated exhib-
ited identical nucleotide sequences in the D1/D2
domain of the LSU rDNA and similar phenotypic
characteristics, indicating that they are conspe-
cific. The sequences of the D1/D2 domain of the
LSU rDNA of the three strains differed from the
type strain of C. fragi BCRC 22806 by 4 nucle-
otide substitutions (0 gap), equating to sequence
similarities of 99.36% (Fig. 2). The ITS se-
quences of these three strains differed from that
of C. fragi BCRC 22806" by 6-7 nucleotide sub-
stitutions (2-3 gap), equating to sequence simi-
larities of 98.42-98.77%. To further elucidate the

taxonomic relationships of the three strains with

C. fragi, the electrophoretic karyotype of each
strain was determined and compared with that of
C. fragi BCRC 228067 (Fig 3a). The three strains
were found to be the same to C. fragi BCRC
22806" in terms of electrophoretic karyotypes,
with six chromosomal bands ranging from 915 to
1900 kb (Fig. 3a). Molecular and physiological

analysis demonstrated that these strains are C.

fragi.

Candida valdiviana J. Grinbergs, D. Yarrow, An-
tonie Van Leeuwenhoek 36: 143-148. 1970.

After growth in YM broth at 25°C for 3 days,
streak cultures are cream colored, smooth, con-
vex, butyrous, and entire margin. Cells are ellip-
soidal to ovoid, 2-3 x 4-6 um, and occur singly
or in pair (Fig. 1c). Mycelium and pseudomyce-
lium were found on cornmeal agar (Fig. 1d). No
sexual activity and ballistospores are observed

on cornmeal agar or YM agar. Glucose and D-
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galactose (delayed) are fermented. D-Glucose,
D-galactose, L-sorbose (weak), D-glucosamine
(weak), D-ribose, D-xylose, L-arabinose, D-
arabinose, L-rhamnose, sucrose, maltose, o,0-
trehalose, methyl-a-D-glucoside, cellobiose, sa-
licin, arbutin, melibiose (weak), melezitose,
glycerol, erythritol, ribitol, xylitol, L-arabinitol,
sorbitol, D-mannitol, D-glucono-1,5-lactone
(weak), D-gluconate, succinate (weak), citrate
(weak), ethanol, propane-1,2-diol (weak) and N-
acetyl-glucosamine are assimilated, but lactose,
raffinose, inulin, starch, galactitol, myo-inositol,
2-keto-D-gluconate, 5-keto-D-gluconate, D-glu-
curonate, D-galacturonic acid, DL-lactate, meth-
anol, and butane-2,3-diol are not assimilated. Ni-
trite, ethylamine, L-lysine, and cadaverine are
assimilated. Growth in vitamin-free medium is
positive (weak). Growth in 0.01% cyclo-
heximide is negative. Growth in 50% D-glucose
is negative. Growth in 10% NacCl are positive.
Growth occurs at 30°C and 35°C (variable) but
not at 37°C. Production of starch-like com-
pounds and acetic acid are negative. Diazonium

blue B reaction and urease activity are negative.

Strains examined. The strain GJ7MO1 was iso-
lated from a fruit body of unidentified wild
mushroom collected in Sandimen, Pingtung, Tai-
wan in 2007. The strain GJ17MO05 was isolated
from a fruiting body of Lentinus sp. collected in
Wautai, Pingtung, Taiwan in 2007. The strain
NY14M13 was isolated from a fruiting body of
Filoboletus manipularis collected in Sinyi, Nan-
tou, Taiwan in 2007. The GenBank/EMBL/
DDBJ accession numbers for the D1/D2 domain
of the LSU rDNA sequences obtained in this
study are FJ873499, FJ873512 and HM461616,
and those for the ITS regions are FJ873580,
FJ873587 and HM461647.

Notes. The three strains that we isolated exhib-
ited identical nucleotide sequences in the D1/D2
domain of the LSU rDNA and similar phenotypic
characteristics, indicating that they are conspe-
cific. Phylogenetic analysis of the sequences of
the D1/D2 domain of the LSU rDNA revealed
that the three strains differed from the type strain
of C. valdiviana BCRC 22646" by 6 nucleotide
substitutions (0 gap), equating to sequence simi-
larities of 98.89% (Fig. 2). The ITS sequences of
these three strains differed from that of C. val-
diviana BCRC 22806" by 10-17 nucleotide sub-
stitutions (2-5 gap), equating to sequence simi-
larities of 97.55-98.10%. To further elucidate the
taxonomic relationships of the three strains with
C. valdiviana, the electrophoretic karyotype of
each strain was determined and compared with
that of C. valdiviana BCRC 22646" (Fig 3b). The
three strains were found to be the same to C. val-
diviana BCRC 22646" in terms of electropho-
retic karyotypes, with 3 chromosomal bands
about 1900 kb (Fig. 3b). Molecular and physio-
logical analysis demonstrated that these strains

are C. valdiviana.

Acknowledgements

This work was supported by Grants-in-Aid from
the Ministry of Science and Technology, Execu-
tive Yuan, Taiwan (NSC 97-2621-B-134-001-
MY3, NSC 101-2621-B-134-001-MY3, MOST
104-2621-B-134 -001-MY3, MOST 110-2637-
B-157-001, and MOST 110-2621-B-007-001).

References

Daniel HM, Lachance MA, Kurtzman CP. 2014.
On the reclassification of species assigned
to Candida and other anamorphic ascomy-

cetous yeast genera based on phylogenetic



Candida species in Taiwan 7

circumscription. Antonie Van Leeuwen-
hoek 106:67-84.

Felsenstein J. 1995. Confidence limits on phy-
logenies: an approach using the bootstrap.
Evolution 39:783-791.

Grinbergs J, Yarrow D. 1970. Two new Candida
species: Candida chilensis sp. n. and Can-
dida valdiviana sp. n. Antonie Van Leeu-
wenhoek. 36:143—-148.

Hsieh CW, Huang LY, Tschen EF, Chang CF,
Lee CF. 2010. Five novel anamorphic, as-
comycetous yeast species associated with
mushrooms and soil. FEMS Yeast Res
10:948-956.

Kumar S, Stecher G, Tamura K. 2016. MEGA7:
molecular evolutionary genetics analysis
version 7.0 for bigger datasets. Molecular
Biology and Evolution 33:1870-1874.

Kurtzman CP, Fell JW, Boekhout T, Robert V.
2011. Methods for isolation, phenotypic
characterization and maintenance of yeasts.
In: Kurtzman CP, Fell JW, Boekhout T, eds.
The yeasts, a taxonomic study, Sth ed. Am-
sterdam: Elsevier, p. 87-110.

Kurtzman CP, Robnett CJ. 1998. Identification
and phylogeny of ascomycetous yeasts
from analysis of nuclear large subunit (26S)
ribosomal DNA partial sequences. Antonie
van Leeuwenhoek 73:331-371.

Kurtzman CP, Robnett CJ. 2007. Multigene phy-
logenetic analysis of the Trichomonascus,
Wickerhamiella and Zygoascus yeast clades,
and the proposal of Sugiyamaella gen. nov.
and 14 new species combinations. FEMS
Yeast Res 7:141-151.

Lachance MA, Boekhout T, Scorzetti G, Fell JW,
Kurzman CP. (2011) Candida Berkhout

(1923). In: Kurtzman CP, Fell JW, Boek-
hout T, eds. The yeasts, a taxonomic study,
Sth ed. Amsterdam: Elsevier, p. 987—1278.

Lachance MA, Starmer WT. 2008. Kurtz-
maniella gen. nov. and description of the
heterothallic, haplontic yeast species Kurtz-
maniella cleridarum sp. nov., the teleo-
morph of Candida cleridarum. Int J Syst
Evol Microbiol 58:520-524.

Lee CF, Yao CH, Liu YR, Hsieh CW, Young SS.
2009a. Lachancea dasiensis sp. nov., an as-
cosporogenous yeast isolated from soil and
leaves in Taiwan. Int J Syst Evol Microbiol
59:1818-1822.

Lee CF, Yao CH, Liu YR, Young SS, Chang KS.
2009b. Kazachstania wufongensis sp. nov.,
an ascosporogenous yeast isolated from soil
in Taiwan. Antonie van Leeuwenhoek 95:
335-341.

Suzuki M, Nakase T, Fukazawa Y. 1991. Can-
dida fragi, a new species of anamorphic
yeast isolated from fermenting strawberry. J
Gen Appl Microbiol 37:423-429.

Thompson JD, Gibson TJ, Plewniak F, Jean-
mougin F, Higgins DG. 1997. The CLUS-
TAL X windows interface: flexible strate-
gies for multiple sequence alignment aided
by quality analysis tools. Nucleic Acids Re-
search 25:4876—-4882.

White TJ, Bruns T, Lee S, Taylor J. 1990. Am-
plification and direct sequencing of fungal
ribosomal RNA genes for phylogenetics. In:
Innis MA, Gelfand DH, Sninsky JJ, White
TJ, eds. PCR protocols: a guide to methods
and applications. New York: Academic
Press, p. 315-322.



8 Fung. Sci. 37(1): 1-8, 2022

SEMLHEREE Candida fragi B C. valdiviana

PREIE !~ MG 2 - BEwE Y

VPEERCREEYIR S & o E=ILTT 11581 > 28
PRILEEREEARIE £ > BT 30014 0 B
S BILEEE R BRSBTS - BT 30013 » B

-3

HEE & EGEE T ER S 6 BRE Candida EHIEREFEE R  TOREE - A3 B EL 51 AE W ER R PRI
SEREUR - FTE R BB Candida fragi ¥ C. valdiviana W& S 4L sRIE R I E -

BRSEGE : RTCERME -~ AEETEES 28



