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ABSTRACT

This study focused on the isolation and characterization of wild yeasts in Korea. The yeasts
were identified by phylogenetically analyzing the D1/D2 domains of the 26S rDNA regions.
Consequently, we identified seven strains, NNIBRFG856, NNIBRFG3732, NNIBRFG3734,
NNIBRFG3738, NNIBRFG3739, NNIBRFG5497, and NNIBRFG6049, which were confirmed
to be Kabatiella microsticta, Pichia membranifaciens, Candida vartiovaarae, Candida sake,
Debaryomyces hansenii, Candida railenensis, and Schwanniomyces polymorphus, respectively,
all of them being new in Korea. Morphological and cultural characteristics of these yeast
species were investigated. None of the strains formed ascospores or pseudomycelia. Moreover,
these yeasts grew in a pH range of 4-8. NNIBRFG3732, NNIBRFG3738, NNIBRFG3739,
NNIBRFG5497, and NNIBRFG6049 were halotolerant or halophilic, and NNIBRFG3732,
NNIBRFG3734, and NNIBRFG6049 grew in vitamin-free medium. NNIBRFG3732, NIBRFG3739,

'.) and NNIBRFG6049 grew at 35 °C, but not at 40 °C.
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AHAEA|, FEHES st opan s 2elsiqict. RAAIAS] BA S5 50 mL A
Z|5to] ol A] =3 9} nitrocellulose membrane filter (pore size 0.45 pm MCE membrane, MF-
Millipore™, Burlington, MA, USA)E- ©]-8-510] ofatat3itt. WE]2] AFHHS water agar (WA, 20 g/L,
agar)°l] 225107 15°C 1€97F Bl &, membrane filterS- A 715} A& 1] 7 (Stemi 305, Carl Zeiss,
Oberkochen, Germany)2- ©|-&3}o] Brolet TS uljz]of| A Ea2]5kar vegHH]R]|(V8A; 8% V8
juice [v/v] and 1.5% agar [w/v] adjusted to pH6.0 using 10 N NaOH)°l| i JF5tich. A7l et @22 4]
A= Hateoll 28 A& S pretreatment liquid medium (0.05% 3-morpholinopropane-1-sulfonic acid
(WhV), 0.05% KNO, [wv], 0.025% KH,PO, [w/v], and 0.025% K,HPO, [w/v])oll ‘&1L 20°CoflA] 259t
Bl St 2, wi R HYR] 100 uLE WAC! T g5kl 2591 15°CollA] B sttt A E EFAE
+10',10°, 1022 5]45}0] 50 ppm2] YA (streptomycin, Sigma-Aldrich, Darmstadt, Germany)7}
71 potato dextrose agar (PDA, Difco, Detroit, MI, USA)Ol| =25t & 34 59 15°Coll A v g5} 3ATt.
i FE i z]ollA] TR} 22|15 Bl oY E R E V8 SHdul ] of] o2 eletRlrt 2elst S S
HE 2]5}0] yeast extract peptone dextrose broth (YPDB, Difco, Detroit, MI, USA)Cl| agarS- %713t yeast
extract peptone dextrose agar (YPDA)HI RS TH5-0] Alcuigsieict 22| 10| 225 3Hs]|
9}l 358k u] 7 (H5508, Nikon, Tokyo, Japan)&- ©]-&-510] Hd2t5 2 2HH 519t

ol =8 &R E°] 265 rDNAS D1/D2 #9]9] d7IM LS EAsk7] 2l NLI(5'-
GCATATCAATAAGCGGAGGAAAAG-3'YNLA(5-GGTCCGTGTTTCAAGACGG-3) primerZ ©|
-&35to] A7t & NCBIQ] BLASTE ARESHo] Hlo]EH|o| A49] 7|55 arsate] As/de
H] 15131t} Al54 282 MEGATS 0|85t tH7.

S Z AN 2 YFES ZABH] 98] 15,20, 25, 30, 35,40°C2] 671 &= )9} pH 4-82] 571
pH 891 2] YPDB, 5%, 15% NaCl (sodium chloride [w/v]y2 Z7}5+ YPDB, 10%, 20% glucose [wiv] S
%] 7}5HYPDB, yeast vitamin fiee base (Y VB, Formedium Itd., Hustanton, England), yeast mold broth (YMB,
Difco, Detroit, MI, USA), potato dextrose broth (PDB, Difco, Detroit, MI, USA) i 2| & A of| A1-8-5}%]
THS). ZFZHe] B 2| S 250 mL AFZFE2FA T 0| 50 mL ZA|5}F0] 484171 25°C, 250 rpm Xl &
-85 (600 nm, microplatereader Epoch2, Bioteck, Winooski, Vermont, USAYE =745}t

Taxonomy

Pichia membranifaciens E.C. Hansen, Zentralblatt fiir Bakteriologie und Parasitenkunde, Abteilung
2 12: 538 (1904) [MB#227217] (Fig. | and 2; Table 1)

Characterization: YPDA HlZ|0l| 4] 25°C, 5 B2t HiFo3le m] 22U A4 0= SIS
=3It ZAR= BRI 02 AP} o dtARe] /o] A A] ekgtor, Zoto ofjh /gAY
AL 5Qich EAFe] F7]= Z 228 ym X Z0] 44 ume|th. 5% NaClS- $H-3-5F YPDBHA A of &
S5k S9A 0|3 Y] 255 20-35°C, A8 pHE 4.0-8.02] HYollA 2 AJAst3ich

Habitat: A 50| G454 &

Specimen examined: 7Y = &2 A 25 2017.01.23., NNIBRFG3732, ZH Y54 Sk 2

Note: NNIBRFG3732 -35(MT995084)= 268 D1/D2 %21 2] 714 Y9-& NCBICA] blastst 2},

—_l
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P membranifaciens MUT63516 (MT151656) T2} 100%2] /5732 B A2, Al 54 ol A= P
membranifaciens (U75725)2t Z+2 clade]] Hol= 710 2 3Q1%|o] 2Z2| O & P membranifaciens
Z 5=k

Candida vartiovaarae (Capr.) Uden & H.R. Buckley, Mycotaxon 17: 298 (1983) [MB#310354] (Fig. 1
and 3; Table 1)

Characterization: YPDA B Z|0] A 25°C, 5 59 HiF5t3lS wlf S22 A2 02 S
& goir}. EAke] Fels 4.0 2 AhdaEAte} o FAte] WAdo] BaER] U9t Solo oJsk

0 45800 Candida railenensis Candida
HQ377253 Candida oleophila Ishikawa-15

_r KY037810 Schwanniomyces occidentalis var. occidentalis UCDFST:73-1
NG 054862 Schwanniomyces yamadae NRRL Y-11714 |

% KY 109646 Schwanniomyces vanrijiae var. yarrowii CBS:6246 Schwanniomyces

(% MT995088 Candida railenensis NNIBRFG5497
1

MH877535 Schwanniomyces polymorphus CBS 133291
MT995089 Schwanniomyces polymorphus NNIBRFG6049
HQ378246 Debaryomyces macquariensis CBS 5572
EUB816354 Debaryomyces hansenii CBS 769

46| EU816296 Debaryomyces fabryi CBS 789 Debaryomyces
EUB816297 Debaryomyces subglobosus CBS 792
EUB816355 Debaryomyces hansenii CBS 1099

82| MT995087 Debaryomyces hansenii NNIBRFG3739
AY242344 Candida temnochilae CBS 9938

5— JN241689 Candida pseudoaaseri CBS 11170

j KY106746 Candida sake CBS:11098

10

o

@
=

99| KY106744 Candida sake CBS:5957 Candida
92 MT995086 Candida sake NNIBRFG3738

KY106865 Candida vartiovaarae CBS:4730
100'MT995085 Candida vartiovaarae NNIBRFG3734
AY497682 Candida albicans CBS 562
MH866771 Aureobasidium zeae CBS 265.32
| 837 MH870594 Aureobasidium pullulans CBS 110.67
95 MH875846 Aureobasidium pullulans CBS 127070 Aureobasidium

98|~ MH870057 Aureobasidium caulivorum CBS 242.64 /Kabatiella

20 FJ150945 Aureobasidium microstictum CBS 342.66

gg| KX893327 Kabatiella microsticta KUC3002
95'MT995083 Kabatiella microsticta NNIBRFG856
EU224266 Mrakia psychrophilia AS 2971
HM156541 Candida robnettiae CBS 8580 Candida
90 HM156538 Candida danielliae CBS 8534
99' HM156539 Candida danielliae CBS 8533

98 U75728 Pichia nakasei
U75735 Pichia barkeri
U75733.2 Pichia heedii
EF550236 Pichia occidentalis NRRL Y-7552
EF550222 Pichia kudriavzevii NRRL Y-5396
97 MT995084 Pichia membranifaciens NNIBRFG3732
U75725 Pichia membranifaciens
U75734 Pichia deserticola
90 - U75738 Pichia galeiformis
AJ300901 Filobasidiella neoformans var. neoformans CBS 6885

80

59

Pichia

00

Fig. 1. Phylogenetic tree of Pichia membranifaciens NNIBRFG3732, Candida vartiovaarac NNIBRFG3734, C. sake NNIBRFG3738, C.
railenensis NNIBRFG5497, Debaryomyces hansenii NNIBRFG3739, Schwanniomyces polymorphus NNIBRFG6049, Kabatiella microsticta
NNIBRFG856 and related species based on a Neighbor-joining analysis of 26S rDNA sequences. The sequence of Filobasidiella neoformans
var. neoformans was used as an outgroup. Numbers at the nodes indicate the bootstrap values (>50%) from 1,000 replications. The bar indicates
the number of substitutions per position. The new isolates from the present study are shown in bold and red.
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Fig. 2. Morphology of Pichia membranifaciens NNIBRFG3732. The colony of front (A) and back (B) on yeast extract peptone dextrose agar for
5 days at 25°C and conidia (C). Size bar is 10 pm (x400).

Table 1. Morphological and cultural characteristics of the newly reporting yeasts from Korea.

Strains NNIBRG3732 NNIBRFG3734 NNIBRFG3738 NNIBRFG3739 NNIBRFGS5497 NNIBRFG6049 NNIBRFG856
Morphological characteristics
Shape E G E G E E E
Vegetable reproduction B B B B B B B
Size (um) 2.8x44 32x32 39x50 3.8x38 3.8x54 45%62 7.0%10.7
Ascospore - - - - - - -
Pseudomycelium - - - - - - -
Culture characteristics
Growth on YM/PD medium e et 4+ e e e et
YVB + ++ - - - +H+ -
5%/15% NaCl-YPD medium +H- /- +H- HHA +- - /-
10%/20% Glucose-YPD medium Enzans +HHA A A 4+ HHHAH +HH
Growth range in temperature/pH 20-35°C 1525°C 15-30°C 20-35°C 20-25°C 20-35°C 20-25°C
/pH4-8 /pH4-8 pH4-8 /pH4-8 pH4-8 /pH4-8 /pH4-8

G: Globose; E: Elipsoidal; B: Budding; YM:

yeast mold; PD: potato dextrose; Y VB: yeast vitamin free base; YPD: yeast extract peptone dextrose

FAAIALS 51 oM 7] Z 32 um X Z0] 32 umO|th A8 2= 1525°C, AS- pHE 4.0-
8.02] Hjol| A & AT YVBO A = & A5

Habitat: A 5.9] G5 4 &

Specimen examined: ¢ &= 34| %3, 2017.01.23., NNIBRFG3734, = 3 G573 A=A

Note: NNIBRFG3734 T5(MT995085)= 26S D1/D2 92| ¢17]4 Y-S NCBIOI|A] blast3t 2
3}, C. vartiovaarae EXF-7987 (LT594913) 52} 100%2] 4H5/dS Bl om, Als Adols =

The Korean Journal of Mycology 2020 Vol.48

526



Seven Yeast Strains Isolated from Freshwaters for the First Record in Korea

Fig. 3. Morphology of Candida vartiovaarae NNIBRFG3734. The colony of front (A) and back (B) on yeast extract peptone dextrose agar for 5
days at 25°C and conidia (C). Size bar is 10 pum (x400).

C. vartiovaarae CBS 4730 (KY106865)2F 2+ cladeo]] #0]= 7102 3Qlw|o] 2Z# oz
vartiovaarac = =7 = 1T},

Candida sake (Saito & Oda) van Uden & H.R. Buckley, Mycotaxon 17: 298 (1983) [MB#283382] (Fig.
1 and 4; Table 1)

Characterization: YPDA Hl| 2|0l ] 25°C, 5 &%t v Fotle wll 2 2YMS A4 o= gAY
=] A}, 22} e EFA Y 0 2 AR atet ofdFAkE PAISHA| T S0t olgt R4
235199M, 7] Z 39 um X Z0] 50 ume]th. 5% NaClS -3+ YPDBEA| ol A AY-8-5h=
IA EHO| LAY 2= 15-30°C, A8 pHE 4.0-8.0°-2 52 ¥ 2] 2] pHoll A ZH A5

Habitat: A 50| S-E X &

Specimen examined: 70" = <2 A] 2, 2017.01.23., NNIBRFG3738, = H Y54 24

Note: NNIBRFG3738 +35(995086)2] 26S D1/D2 ¥ 2] 7|4 HS NCBIO|A] blastat Z 2},
C. sake PYCC 2776 (MT577809) w5-2} 100%2] A5/d= H o0, Al54 oAM= C. sake
CBS11098 (KY106744) 22 cladel] Fol+= 21 0. & RIE|o] X F2 O 2 C. sake= 575 = T

Candida railenensis C. Ramirez & A.E. Gonzalez, Mycopathologia 88 (1): 55 (1984) [MB#105982]
(Fig. 1 and 5; Table 1)

Characterization: YPDA B 2|0l A 25°C, 5 59 vi5t3S f S2YA-2 A2 o= 34
= gk Z2te] PEi= EF P 0 2 AP A= TSR] 2R oL o) tAke] 42 TR Q)
T}, Zotof| oJgh 74 AYAIS 51 om, ZAe] F7]= 2238 um X 0] 54 pmo|th & 2%
+=20-25°C, A5 pHE 4.0-8.0 B 9ol A = AJAsloiTh

Habitat: 5} 2] of3}5t &

Specimen examined: 575 -2 B3, 201803.09, NNIBRFG5497, = 57 EAI T

Note: NNIBRFG5497 75(MT995088)= 268 D1/D2 % & 2] 17| 4 92 NCBIOI| A blastst 22k, C.

folr > o

rid
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Fig. 4. Morphology of C. sake NNIBRFG3738. The colony of front (A) and back (B) on yeast extract peptone dextrose agar for 5 days at 25°C
and conidia (C). Size bar is 10 pum (*400).

railenensis CBS 8177 (KY106717) w52} 100%2] /35732 B} O H, Al§4 ol A %= C. railenensis
(U45800)2} 22 cladel] Foli= A 0. & SR1E| 0] 2|54 O 2 C. mailenensis = 573 =/ ATt

Debaryomyces hansenii (Zopf) Lodder & Kreger, The Yeasts: a taxonomic study: 280 (1952)
[MB#296478] (Fig. 1 and 6; Table 1)

Characterization: YPDA B 2|0l A 25°C, 5 59F vi53& o S2UA-S Az o0 = 54
< =it 2219 YPElE 7 o= ARk} ofHARe] /do] TAE|A| gttt Sotof] 2lgt
A AYAS 5o, 7)== Z 38 um X Z0] 3.8 umO|th. 15% NaClS $-3-5F YPDBHE] A] ]| A
A85H= T PA] G E0| 1, 2= 20-35°C, A pHE= 4.0-8.02] B 9ol A 2 A5

Habitat: A 52| 4|2 &

Specimen examined: 79 = £2A] 2 F,2017.01.23., NNIBRFG3739, =+ S5 2/ SAA T

Note: NNIBRFG3739 75(MT995087)= 26S D1/D2 912} 17| 4GS NCBIOA] blastét A1}, D,
hansenii 261A4 (MT552613) 7522+ 100%2] /54 O H, A5 3ol A% D. hansenii CBS796
(EU816354)2t 22 cladel] o= A 02 FR1%|o] 2]F24 O 2 D, hansenii = 573 T}

Schwanniomyces polymorphus (Klocker) M. Suzuki & Kurtzman, Mycoscience 51 (1): 11 (2010)
[MB#513478] (Fig. | and 7; Table 1)

Characterization: YPDA B Z|0l|A] 25°C, 5 57t v oSS uff S22 A A 02 A
< mQitt. 22k PEl= BH R 0= AP AL} ofHALe] /g o] TAE|A] ettt Eoto]] 9
SHR/ AAIS BF O, I 7] Z 4.5 um X Z0] 6.2 umO]t}. 5% NaClS $H3-3H YPDBE A o]]
A ASsHe TPA B0 AYS 5= 20-35°C, S pHE 4.0-8.09] Yol 4] 2 A5l
YVBHi Z|of| A & 2 75kl

Habitat: 54~0] oJ3}5H &

Specimen examined: 12Ha-= QL -2HS 20180621, NNIBRFG6049, =+ S5 SR
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Fig. 5. Morphology of C. railenensis NNIBRFG5497. The colony of front (A) and back (B) on yeast extract peptone dextrose agar for 5 days at
25°C and conidia (C). Size bar is 10 pum (x400).

Fig. 6. Morphology of Debaryomyces hansenii NNIBRFG3739. The colony of front (A) and back (B) on yeast extract peptone dextrose agar for
5 days at 25°C and conidia (C). Size bar is 10 pum (x400).

Note: NNIBRFG6049 735(MT995089)= 26S D1/D2 %<} 2] &7] 498 NCBIOJ|A blastet A7},
S. polymorphus CBS 133291 (MH877535) 52} 100%2] /3-5/8= E A} O H, A5 Adollx e 2
2 clade®]] F7ol= 2 02 FRIE]o] X FAH 0 2 S, polymorphus = 578 =] AT},
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Fig. 7. Morphology of Schwanniomyces polymorphus NNIBRFG6049. The colony of front (A) and back (B) on yeast extract peptone dextrose
agar for 5 days at 25°C and conidia (C). Size bar is 10 um (x400).

Kabatiella microsticta W.B. Cooke, Mycopathologia et Mycologia Applicata 17(1):1-43 [MB#326821]
(Fig. 1 and 8; Table 1)

Characterization: YPDA BiZ|0]| 4] 25°C, 59 &<t viFolgl S w] S 2 UM HAx oz Agh
pgue w1 el Asiolch BAte) el ehele o 2 Apdaajel o] gALS WAalA) o
AL Zotof] ofet 74 YA S Sl om, TAFY] 27]= Z2 7.0 um X Z0] 10.7 pmo|th A5
Q5 =20-25°C, A5 pHE 4.0-8.09] ¥ 9ol A] 2 s gich

Habitat: 315-0] 2 A 24

Specimen examined: 73 = EfEHA] -84 2016.02.03., NNIBRFG856, =+ S5 2 A=A T

Note: NNIBRFG856 T-3(MT995083)= 26S D1/D2 92| 97]4 Y9-8 NCBIOI|A] blastet 2
T}, K. microsticta LHX-B(MT107181) @32} 100%2] A5/dS EFoH, Al54 oMz
K. microsticta KUC3002(KX893327)2} 22 clade®]] f7o|= 202 20lg|o] 2|FH o2 K.
microsticta= ‘573 =] It}
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Fig. 8. Morphology of Kabatiella microsticta NNIBRFG856. The colony of front (A) and back (B) on yeast extract peptone dextrose agar for 5
days at 25°C and conidia (C). Size bar is 10 um (x400).
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