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Isolation and characterization of four unrecorded wild yeasts
from the soils of Republic of Korea in winter
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The purpose of this study was to isolate and identify wild yeasts from the soil collected in Gwangju and
Pocheon City, Gyeonggi Province, Republic of Korea. Among 10 strains, six strains were already reported,
but four strains were unrecorded in Republic of Korea. To identify wild yeast strains, pairwise sequence
comparisons of the D1/D2 region of the 26S rRNA gene sequence were performed using Basic Local
Alignment Search Tool (BLAST). The cell morphologies were observed by phase contrast microscope
and assimilation tests were carried out using API 20C AUX kit. The 10 strains were assigned to the phyla
Basidiomycota (8 strains) and Ascomycota (2strains). The unrecorded four yeast strains, NH33, NH19,
NH20, and YP416, belong to the phylum Basidiomycota and the genera Buckleyzyma, Leucosporidium,
Holtermanniales, and Mrakia, respectively. All strains had oval-shaped and polar budding cells. In this
research, the morphological and biochemical properties of four unreported yeast species were characterized

intensively, which were not officially reported in Korea.
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INTRODUCTION

In the winter of 2020, yeasts were separated from the
soil in Gwangju and Pocheon City, Gyeonggi Province,
Republic of Korea. As a result of confirming the isolated
yeast strains, this study determined them as an unrecorded
species, and for the purpose of classification, they identi-
fied to the genera Buckleyzyma, Leucosporidium, Holter-
manniella, and Mrakia.

The genus Buckleyzyma is a Basidiomycetous yeast in
the class Cystobasidiomycetes, and the phylum Basidi-
omycota. The genus Buckleyzyma clade consists of five
species with B. aurantiaca as the type species (https://
www.mycobank.org). Buckleyzyma aurantiaca was orig-
inally described as Torula aurantiaca in Japan in 1922.
Buckleyzyma has no observed pellicle formation on me-
dia. Species in Buckleyzyma have been isolated from plant
leaves, air sampling, lake water, mangrove sediments, and
litter (Wang et al., 2015).

The genus Leucosporidium is a Basidiomycetous yeast
in the class Microbotryomycetes, and the phylum Basidi-
omycota. The Leucosporidium clade consists of 22 recog-
nized species and has L. scottii as the type species (https://

www.mycobank.org). This yeast reproduces by budding
and are oval, ellipsoid, or extension shaped. When the
colony grows in solid media, the color changes from
white to cream and often to mucous (Fell et al., 2000;
Sampaio et al., 2003). Species in the genus Leucosporidi-
um do not ferment glucose and assimilat nitrate (Sampaio
2011a; 2011b).

The genus Holtermanniella is a Basidiomycetous yeast
in the class Tremellomycetes, and the phylum Basidiomy-
cota. Species in the clade Holtermanniella have been iso-
lated from various sources such as agricultural field, soil,
and leaves (Wuczkowski et al., 2011). The Holterman-
niella clade consists of five recognized species and has H.
takashimae as the type species.

The genus Mrakia is a Basidiomycetous yeast in the
class Tremellomycetes, and the phylum Basidiomycota.
Mrakia species have been isolated from snow, soil, and
glaciers in cold environments (Tsuji et al., 2019; Turchetti
et al., 2020; Yurkov et al., 2020). The species in Mrakia
are cream-colored and often mucoid, and teliospores are
produced at the end or in the middle of the mycelium (Tsuji
et al., 2019; Turchetti et al., 2020; Yurkov et al., 2020).
The Mrakia clade consists of 18 recognized species and
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has M. frigida as the type species (https://www.myco-
bank.org).

MATERIALS AND METHODS

The soil samples were collected from Gwangju and
Pocheon City in Gyeonggi Province, Republic of Korea
and serially diluted in distilled water and the suspension
was spread on a YM agar (Difco, USA) and incubated at
10°C for 3-4 days, cultured at 25°C. The strains are pre-
served in a metabolically inactive state at the Korea Col-
lection for Type Cultures, KRIBB, Korea.

The cell morphologies of strains were observed using
a LEICA (DM500), using yeast strains incubated in YM
agar for 3 days. Phase contrast microscope images and the
colonies of the strains NH19, NH20, NH33, and YP416
are shown in Fig. 1. Biochemical features were character-
ized using a API 20C AUX (bioMérieux) kit according to
the manufacturer’s instructions.

The genomic DNA was extracted after incubation on
YM agar for 3-4 days. The D1/D2 region of the 26S
rRNA gene sequence was amplified by PCR using NL1
and NL4 primers (Kurtzman and Robnett, 1998).

Pairwise sequence comparisons were made using the
Basic Local Alignment Search Tool (BLAST) (Altschul e?
al., 1997) and aligned with the sequences of related spe-
cies retrieved from GenBank. The MYCOBANK (https://
www.mycobank.org/) database identified strain types for
each species and close strains gene sequence were ob-
tained from NCBI (https://www.ncbi.nlm.nih.gov/) for
26S rRNA.

The phylogenetic trees based on the D1/D2 domain of
LSU rRNA gene sequence were reconstructed with the
neighboring joining algorithm of MEGA 7.0 program
(Kumar et al., 2016). The evolutionary distances were
calculated using the Kimura two-parameter model (Kimu-
ra, 1983) for neighborhood joining analysis and the con-
fidence level of the class was estimated through bootstrap
analysis (1,000 replicates) (Felsenstein, 1985).

RESuLTS AND DISCUSSION

Ten wild yeasts strains were collected from soil sam-
ples in Gyeonggi Province in Korea. The yeast strains
were identified by analyzing D1/D2 domain of 26S rRNA
gene sequence similarities that were calculated by the
NCBI BLAST. Result of identification based on the D1/
D2 domain of 26s rRNA gene sequence, four yeast strains
were identified as domestic unrecorded yeast species. The
taxonomic composition and identification results are list-
ed in Table 1.
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Fig. 1. Morphology of cells from the unrecorded strains incubated
at 10°C. The colonies of Leucosporidium scottii NH19 (A), Holter-
manniella wattica NH20 (B), Buckleyzyma aurantiaca NH33 (C),
and Mrakia aquatica YP416 (D). The budding cells of Leucosporid-
ium scottii NH19 (F), Holtermanniella wattica NH20 (G), Buckleyz-
yma aurantiaca NH33 (H), and Mrakia aquatica YP416 (I). Bars,
20 um. All strains were grown after 3 days on YM agar.

In total, 8 of the 10 strains were assigned to the family
Cystobasidiomycetes incertae sedis (1 strain), Leucospo-
ridiaceae (1 strain), Holtermanniales (1 strain), Trimor-
phomycetaceae (4 strains), and Cystofilobasidiaceae (1
strain) of the phylum Basidiomycota, while the other two
strains were assigned to the family Saccotheciaceae of the
phylum Ascomycota. The unrecorded yeast strains NH33,
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Table 1. Yeasts isolated strains from soil in Republic of Korea.

Record in Korea

26S rRNA similarity

Most closely
related species

Strain

Order Family

Class

Phylum

Reported
Reported
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Aureobasidium pullulans
Aureobasidium subglaciale

YF37
YF42

Dothideales Saccotheciaceae

Dothideomycetes

Ascomycota

Unreported

619/619 (100%)

Buckleyzymales Buckleyzymaceae NH33 Buckleyzyma aurantiaca

Cystobasidiomycetes
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Unreported

577/578 (99%)

NHI19 Leucosporidium scottii

Leucosporidiaceae

Leucosporidiales

Microbotryomycetes

Unreported

619/621 (99%)

Holtermanniella wattica

NH20

Holtermanniales

Reported

621/621 (100%)
614/615 (99%)

Saitozyma flava

NH235

Basidiomycota

Reported
Reported

631/631 (100%)
624/624 (100%)

Saitozyma podzolica
Saitozyma podzolica

NH233
NH8

Trimorphomycetaceae

Tremellales

Tremellomycetes

Reported

Saitozyma podzolica

NH9

Unreported

617/623 (99%)

Mrakia aquatica

Cystofilobasidiaceae YP416

Cystofilobasidiales

All strains were cultured at 10 °C for 3 days.

100 \Dioszegia fristingensis CBS 100527 (NG 070549)
99 LDioszegia antarctica ANT 03-1167 (FJ640575)
IJ*Bullera crocea CBS 67147 (AF075508)
50 LDioszegfa hungarica CBS 42147 (AF075503)
Cryptococcus flavus CBS 3317 (AF075497)
Fellomyces polyborus CBS 60727 (AF189859)
Bullera unica CBS 82907 (AF075524)
% LEriculfbullerfuscus PYCC 56907 (AF444762A)
81 Cryptococcus laurentii CBS139T (AF075469)
63 Papiliotrema bandonii|GC 5743 (AF416642)
Vishniacozyma victoriae CBS 86857 (NG 057678)

499|:Piskurozyma fildesensis CBS 127057 (NG 073593)
Filobasidium magnum CBS 1407 (NG 069409)

100 -Holtermanniella wattica NH20
74 |Holtermanniella wattica CBS 94967 (NG 058307)
73 —Cryptococcus nyarrowii CBS 88047 (AY006480)

100

75|72

75

L Cryptococcus sp. CBS 7712 (AJ311450)
94 —Holtermanniella takashimae HB982T (FM242574)
Cryptococcus festucosus VKM Y-2930T (AY462119)
98 Mrakia aquatica CBS 54437 (NG 042348)
Mrakia aquaticaYP416
100| [Mrakia gelida CBS 52727 (NG 070556)
Mrakia robertii CBS 89127 (AY038811)
63 Mrakia blollopis CBS 89217 (NG 057710)
69 Mrakia psychrophiliaAS 2.19717 (EU224266)
63'Mrakia blollopis CBS 89217 (NG 057710)

Meyerozyma caribbica NRRL Y-27274T (NG 054806)

—_
0.050

Fig. 2. Neighbor-joining phylogenetic tree reconstructed from a
comparative analysis of 26S rRNA gene sequences showing the
relationships of strains NH20 and YP416 with closely related spe-
cies. Bootstrap values (>50%) based on neighbor-joining methods
are shown at the branch nodes. Bar, 0.01 substitutions per nucleo-
tide position.

NH19, NH20, and, YP416 belong to the phylum Basid-
iomycota and the genera Buckleyzyma, Leucosporidium,
Holtermanniales, and Mrakia, respectively. The phyloge-
netic agreement of the four strains shows that the isolated
strain is closely related to the strains with the highest 26s
rRNA gene sequence similarity (Figs. 2, 3 and 4) and thus
supports close relationships. As a result of this study, four
unrecorded yeast strains were found in domestic ecosys-
tems and phenotypic characteristics of unrecorded species
were investigated (Table 2).

Description of Buckleyzyma aurantiaca NH33

Cells are oval shaped and budding is polar (Fig. 1).
Colonies are convex, smooth, and orange-colored after 3
days of incubation on YM agar at 10°C. In the API 20C
AUX test, strain NH33 is positive for L-arabinose, N-ace-
tyl-p-glucosamine, p-lactose (bovine origin), b-sacchar-
ose (sucrose), b-trehalose, pD-melezitose, and p-raffinose;
weak positive for glycerol, glucose, 2-keto-p-gluconate,
L-arabinose, adonitol, D-galactose, inositol, b-sorbitol, and
N-methyl-p-glucoside; and negative for p-glucose, D-xy-
lose, p-cellobiose, and pD-maltose.

Strain NH33 (KCTC 37082) was isolated from the
soil collected in Namhansanseong Forest, Gwangju City,
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731 Leucosporidium scottiiNH19
91 | Leucosporidium scottii CBS 5930 (NG 068962)
Leucosporidium yakuticum CBS 86217 (NG 069412)
Leucosporidium creatinivorum CBS 86207 (NG 042375)
Leucosporidium fellii CBS 72877 (NG 042373)
Leucosporidium intermedium CBS 72267 (AF189889)
Leucosporidium muscorum CBS 69217 (NG 057645)
Leucosporidium drummii CBS 115627 (NG 057823)
Leucosporidium fragarium CBS 62547 (NG 058330)
Leucosporidium golubevii CBS:9651T (KY 108283)

Curvibasidium cygneicollum CBS 45517 (NG 042376)
100 || Rhodotorula nothofagi CBS 81667 (NG 069005)
Curvibasidium pallidicorallinum SDBR-S2-09T (MT613858)

Papiliotrema laurentii CBS 1397 (NG 056281)

97

—
0.01

Fig. 3. Neighbor-joining phylogenetic tree reconstructed from a comparative analysis of 26S rRNA gene sequences showing the relationships
of strain NH19 with closely related species. Bootstrap values (>50%) based on neighbor-joining methods are shown at the branch nodes. Bar,
0.01 substitutions per nucleotide position.

70 rSymmetrospora marina strain CBS 23657 (AF189944)
92 | L Symmetrospora vermiculata CBS 90927 (NG 057633)
Symmetrospora symmetrica CBS 97277 (NG 057632)
93 Symmetrospora gracilis CBS 717 (NG 057671)
Symmetrospora foliicola CBS 80757 (NG 058410)
QESymmetrospora coprosmae CBS 78997 (NG 067795)
99 L Symmetrospora oryzicolaCBS 72287 (NG 069416)
gﬁlckleyzyma armeniaca CBS 80767 (NG 058706)
Buckleyzyma phyllomatis CBS 71987 (NG 066173)
96 Buckleyzyma salicina CBS 69837 (NG 058619)
78 Buckleyzyma kluyveri-nielii CBS 71687 (NG 058711)

97 Buckleyzyma aurantiacaCBS 3177 (NG 058618)
98| Buckleyzyma aurantiacaNH33

Cyphobasidium hypogymniicola voucher S-F264671T (KU587694)
£ Cyphobasidium usneicola voucher S-F264675T (KU587699)

99 Microsporomyces magnisporus FK93T (AB111954)
{ Lichenozyma pisutiana CCF 61377 (NG 066447)
73 Erythrobasidium elongatum CBS 80807 (NG 059254)

498|:Erythrobasiwum hasegawianum CBS 82537 (AF189899)
100 L— Erythrobasidium yunnanense CGMCC 2.20907 (NG 059190)

Naganishia adeliensis CBS 83517 (NG 042353)

87

—
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Fig. 4. Neighbor-joining phylogenetic tree reconstructed from a comparative analysis of 26S rRNA gene sequences showing the relation-
ships of strain NH33 with closely related species. Bootstrap values (>50%) based on neighbor-joining methods are shown at the branch
nodes. Bar, 0.01 substitutions per nucleotide position.

Gyeonggi Province, Republic of Korea.
Description of Leucosporidium scottii NH19

Cells are oval shaped and budding is polar (Fig. 1).
Colonies are convex, smooth, and beige-colored after 3
days of incubation on YM agar at 10°C. In the API 20C
AUX test, strain NH19 is positive for glycerol, 2-ke-
to-D-gluconate, L-arabinose, and adonitol; weak positive

for glucose, p-xylose, D-sorbitol, N-acetyl-D-glucosamine,
p-cellobiose, p-lactose (bovine origin), p-maltose, and
D-melezitose; and negative for xylitol, p-galactose, inosi-
tol, N-methyl-p-glucoside, p-saccharose (sucrose), b-tre-
halose, and p-raffinose.

Strain NH19 (KCTC 37092) was isolated from the
soil collected in Namhansanseong Forest, Gwangju City,
Gyeonggi Province, Republic of Korea.
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Table 2. Microbiological characteristics of the unrecorded yeasts
strains.

Strain ID 1 2 3 4

Morphological

characteristics
Shape Oval Oval Oval Oval
Reproduction Budding Budding Budding Budding

API 20C AUX
Glucose w - + +
Glycerol + w w -
2-Keto-D-Gluconate + w + +
L-Arabinose + + + -
D-xylose w - + +
Adonitol + w w ND
Xylitol - w +
D-Galactose - w w +
Inositol - w + -
p-Sorbitol w w + ND
N-Methyl-p-Glucoside - w + +
N-Acetyl-p-Glucosamine w + - +
p-Cellobiose w - + +
p-Lactose (bovine origin) w + + +
D-Maltose w - + +
p-Saccharose (Sucrose) - + + +
p-Trehalose - + + +
D-Melezitose w + + +
p-Raffinose - + + +

Taxa: 1, Leucosporidium scottii NH19; 2, Buckleyzyma aurantiaca NH33;
3, Holtermanniella wattica NH20; 4, Mrakia aquatica YP416.

All data were obtained in this study. +, positive; w, weakly positive; —,
negative.

Description of Holtermanniella wattica NH20

Cells are oval shaped and budding is polar (Fig. 1). Col-
onies are convex, smooth, and white-colored after 3 days
of incubation on YM agar at 10°C. In the API 20C AUX
test, strain NH20 is positive for p-glucose, calcium, 2-ke-
to-D-gluconate, L-arabinose, D-xylose, inositol, b-sorbitol,
N-methyl-p-glucoside, p-cellobiose, D-lactose (bovine or-
igin), p-maltose, p-saccharose (sucrose), b-trehalose, and
p-raffinose; weak positive for glycerol, adonitol, xylitol,
and p-galactose; and negative for N-acetyl-p-Glucos-
amine.

Strain NH20 (KCTC 37091) was isolated from the
soil collected in Namhansanseong Forest, Gwangju City,
Gyeonggi Province, Republic of Korea.

Description of Mrakia terrae YP416

Cells are oval shaped and budding is polar (Fig. 1). Col-
onies are convex, smooth, and orange-colored after 3 days
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of incubation on YM agar at 10°C. In the API 20C AUX
test, strain YP416 is positive for glucose, inulin, sucrose,
raffinose, melibiose, galactose, lactose, trehalose, maltose,
melezitose, methyl-p-glucoside, cellobiose, salicin, L-sor-
bose, p-xylose, L-arabinose, D-ribose, methanol, ethanol,
ribitol, xylitol, galactitol, p-mannitol, p-glucitol, p-lactate,
succinate, citrate, b-gluconate, gluconolactone, p-glucos-
amine, N-acetyl-p-glucosamine, potassium nitrate, sodi-
um nitrate, cadaverine dihydrochloride, and L-lysine; and
negative for soluble starch, cellobiose, salicin, L-sorbose,
L-rhamnose, D-xylose, L-arabinose, D-arabinose, D-ribose,
methanol, ethanol, glycerol, erythritol, ribitol, xylitol, ga-
lactitol, p-mannitol, p-glucitol, and myo-Inositol.

Strain YP416 (KCTC 27889) was isolated from the soil
collected in Pocheon City, Gyeonggi Province, Republic
of Korea.
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