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ABSTRACT

This study aimed to isolated wild yeasts from freshwater in Korea. The strains were identified
by using the D1/D2 domains of the 26S rDNA regions. Consequently, six strains were named
as Apiotrichum chiropterorum (NNIBRFG36995), A. domesticum (NNIBRFG32938), A. dulcitum
(NNIBRFG33144), A. laibachii (NNIBRFG36991), Saprochaete quercus (NNIBRFG33183)
and Tausonia pullulans (NNIBRFG33181). These yeasts have not previously been recorded
in Korea, this paper is the first report. We were investigated to the morphological and
cultural characteristics of these yeasts. All the strains grew well on Yeast extract peptone
dextrose (YPD), Potato dextrose (PD), and Yeast mold (YM) media and in temperature range
of 15-30°C. A. domesticum (NNIBRFG32938), A. laibachii (NNIBRFG36991) and T. pullulans
(NNIBRFG33181) grew even in 20% glucose containing YPD medium, so they had glucose
tolerance. A. domesticum (NNIBRFG32938) and A. laibachii (NNIBRFG36991) had salt
resistance as growing even in 5% NaCl containing YPD medium.

Keywords: Freshwater, yeast, Apiotrichum chiropterorum, Apiotrichum domesticum,
Apiotrichum dulcitum, Apiotrichum laibachii, Saprochaete quercus, Tausonia
pullulans

Tausonia <5 2 Apiotrichum 452 G ARF70]| £5h= & %o|t}. Tausonia -2 Agaricomycotina;
Tremellomycetes; Mrakiaceae®l| <51 HA7FA] L& X F-2 T pullulans, T. pamirica 27§°]T}. T.
pullulans + Guehomyces pullulans 2} synonym Aol 1TH1].

Apiotrichum 42 Trichosporonaceae®]] £5= 4.9 2, Apiotrichum porosum©| Trichosporon <5
0.2 A AT Lin SE191 019 bl AHS EISICk Apiotrichum 42 Aol A] de] $a
E]o] 910, 247} Fo] £3H ATk A. dulcitum, A. laibachii, A. loubieri ‘= E Gl 22| =] 2 31[4], A.
domestirum, A. montevideense+= human summer-type hypersensitivity pneumonitis (SHP)= 7}l Zkx}
o] Hof|A] E2]=]AtH3]. A. akiyoshidainum, A. chiropterorum, A. coprophilum, A. otac= 2}5]2] uj

el 2= ATHs).
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Saprochaeter= AP'dTH-2] SaccharomycetesOl] £oh= £ 024, EQF, HIE, 2, {AIF, <!
2ke] m R, 2 5 ot 2ol ExE o] lom, 1371 Fo] LA Utk Saprochaete &2
Geotrichum 41} 19~ WA 5HA| AE|o] Q1O S, suaveolens, S. gigas, S. ingens L S. clavata+
Geotrichum 41| &5h= F3} synonym=- 71T}, Saprochaete®] -3 M|th= Magnusiomyces <5:°1|
&3t} S, quercus= FE 2R (Quercus rubra) 2] 7-2 ol A] 2] = ATH6).

2 Aol M = I B FAolN S EYZ Aste] opdarE £ 9 5L of
=4l n)7|& 81 652 AEsto] & 5/dS dotEdth

Hea s 22oh] Qo FFggAlet MepdE of=A1e] Tgtola DAl gt T
EAES QST GeAlE s A F-ol|A] =3 T2} nitrocellulose membrane filter (pore
size 0.45 um MCE membrane, MF-Milipore™, Burlington, MA, USA)E- ©]-8-5}04 50 mL& o 2}5}%)
t}. ZEje] A|B7} of 2HE -2 water agar (WA, 20 g/L, agar)oll 121510 15°CollA] 197 v &
membrane filterg A 7|5k AR S o]-&5to] Woldh ZALE v 2| of| A 22 5H0] V8 agart]
2] (V8A; 8% V8 juice [v/v] and 1.5% agar [w/v] adjusted to pH 6.0 using 10 N NaOH)°1| i sttt =4
25t EGAEE 1078 51415} streptomycin 100 ppm©] H7He potato dextrose agar (PDA, Difco,
Detroit, MI, USA)°ll Z="&5}o] 397t 15°Coll Al v FSIGiTt. Bl E iR Hxat 225 &
sto] G E VA HjZ|of| 22 SIQlTh Bl 1 SHE 9|5} yeast extract peptone
dextrose broth (YPDB, Sigma-Aldrich, Darmstadt, Germany)°]| agarS- % 7}3} yeast extract peptone
dextrose agar (YPDA)HNZ|of| Althuli< st} 22 axo] 2A45 #aslr| 9lote] Fahan| 4
(H5508, Nikon, Tokyo, Japan) < ©]-8-5t0] 32t 5E St I3ITh

B a10] 5L 9Jsto] o] #552] 26S tDNAS] DI/D2 F-919] ¥7 4 LE-S EA5}3]t.
NLI/NLA primerE- 08510 &7| 4 & 2745 & NCBIS] BLASTS Al-8-510] t|o]E{sf|o] 20
SEE o] A= R EIFEA = B w5 MEGA-XE ©]-&5to] A5 253t 7).

Az e Y 5492 28] fIste] 1540°C] 67H 2= 912} pH 4-89] 57} pH
219] YPDB, 5%2} 15% NaCl (sodium chloride [w/v])y2 %17 FsHYPDB, 10%2} 20% glucose [wAv ]S %
7St YPDB, yeast vitamin free base (Y VB, Formedium Ltd, Hustanton, England), yeast mold broth (YMB,
Difco, Detroit, MI, USA), potato dextrose broth (PDB, Difco, Detroit, MI, USA) B X & A Hoj] A-8-5}
ATHS]. Z+2Fe] BH2) - 125 mL AFZFE kAT 0l 30 mLA] 2A|5E0] 48A17HE2F 250 pm .2 X8
B S = 58 (600 nm, microplatereader Epoch2, Bioteck, Winooski, Vermont, USA)S 4531t

ofn

=
=

TAXONOMY
Apiotrichum chiropterorum M. Takash., Kurakado, O. Cho, K. Kikuchi, Sugiy. & Sugita [5] (Figs. 1 and 2;
Table 1)
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ONg71231 Apiotrichum dulcitum NNIBRFG33144
KY106119 Apiotrichum dulcitum CBS8260
KY106120 Apiotrichum dulcitum CBS7608
I Ky1o6114 Apiotrichum dulcitum CBS8gos
[~ ONg71233 Apiotrichum chiropterorum NNIBRFG36995
l KY109940 Apiotrichum chiropterorum CBSgg76
_LON971234Apiorrich um laibachii NNIBRFG36991
KY106127 Apiotrichum laibachii CBS8523
KY106130 Apiotrichum laibachii CBS5791

KY106131 Apiotrichum laibachii CBS8go0

KY106143 Apiotrichum porosum CBS2040

AF 444718 Apiotrichum dehoogii CBS 8686

AF444708 Apiotrichum gamsii CBS 8245

KY106113 Apiotrichum domesticum CBS8280

ONg71232 Apiotrichum domesticum NNIBRFG32938

MT814231 Apiotrichum domesticum DMic 175556
MHB867159 Apiotrichum lignicola CBS 208.35
KY106145 Apiotrichum sporotrichoides CBS8246
KYi06133 Apiotrichum loubieri CBS7065
KY106124 Apiotrichum gracile CBS8189
’— NGo57760 Tausonia pamirica CBS 8428
MFg27670 Tausonia pullulans KBP:Y-4999
ONg71230 Tausonia pullulans NNIBRFG33181

NGo42352 Tausonia pullulans CBS 2532
AF189861 Tausonia pullulans CBS 2541
— KY109538 Saprochaete ingens CBS4603

_rONg‘;‘tzzg Saprochaete quercus NNIBRFG33183
MK834544 Saprochaete quercus CBS 750.85

”MK834547 Saprochaete gigas CBS 126.76
MKB834546 Saprochaete suaveolens CBS 152.25

Candida albicans ATCC 18804

| Il | | I | | 1 Il
T T T T T T T T 1

0460 0.140 0.120 0.100 0.080 0.060 0.040 0.020 0.000

Fig. 1. Phylogenetic tree of unrecorded yeasts isolated from freshwater and related species based
on a Neighbor-joining analysis of the nucleotides sequences of large subunit 26S ribosomal DNA
D1/D2 region, using MEGA-X. The sequences of Candida albicans was used as outgroup. The
unrecorded yeasts are shown in bold and red.

Fig. 2. Morphology of Apiotrichum chiropterorum NNIBRFG36995. The colony of front (A) and
back (B) on yeast extract peptone dextrose agar for 2 days at 25°C and conidia (C). scale bar=10
pm (x600).
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Table 1. Morphological and cultural characteristics of the newly reporting yeasts from Korea.

Strains NNIBRFG36995 NNIBRFG32938 NNIBRFG33144 NNIBRFG36991 NNIBRFG33183 NNIBRFG33181
Morphological characteristics
Shape R o (0] G R (0]
Vegetable reproduction B B B B B B
Size (um) 2x10 3-5x8-10 2-3x8 3x4 3x100 2x3-5
Ascospore - - - - - -
Pseudomycelium - - - - - -
Culture characteristics
Growth range in pH/temperature  pH 4-8/15-30°C ~ pH4-8/15-30°C  pH 5-8/15-30°C  pH4-8/15-30°C  pH4-8/15-30°C  pH 5-8/15-30°C
Growth on PD/'YM A A+ HH+ Enrany +HH R lama
Vitamin-free medium - - - ++ + -
5%/15% NaCl-YPD medium -/ - -/- ++- /- -/-
10%/20% Glucose-YPD medium /- A /- A+ +H- 4+

R: Rod; O: Ovoid; G: Globose; B: Budding; PD: Potato dextrose; YM: Yeast mold; YPD: Yeast peptone dextrose; +: AA%; ++: A H; ++ AH; - 4.

MycoBank No.: MB834542

Characterization: YPDA Hij A o] &M =2t510] 25°Cof|A] 247 v el S o S 24 AL 7}
SRR et TPRbe] = SIS wQlnt 22| el BP0 & AP dEALe} o
Abs = 2] ekttt Zotol] oJgt BAgAAIE sHRlom, 37]= 2 pum X Z0] 10 pm ©|t}.
YPDB, PDB, YMBOlIA] A5k 3L, A5 pH= 4-8, 5 2 =+= 15-30°C2] ®lollA] A7staith
Vitamin-free B 2], NaCl %! glucose”} 27 Bl 2|0l A= AJ7oHA] 2dT.

Habit: 5P 2] S4Bl 4=

Specimen examined: 345G A] AL G, 2021.03.19., NNIBRFG36995, =8 S50 24}
A

Note: NNIBRFG36995 = 268 D1/D2 2] 714 E& NCBIQ] blastE ©]-8-sto] B w3t
A3}, A. chiropterorum CBS9976(K'Y109940) w52} 100%2] /552 3 0H, Ale4 ollM &=
22 cladel] k= 2 0= FRlE|o] 2|FA 0 2 A. chiropterorum 22 574 =| Tt

Apiotrichum domesticum (Sugita, A. Nishikawa & Shinoda) Yurkov & Boekhout [3] (Figs. 1 and 3;
Table 1)

Fig. 3. Morphology of Apiotrichum domesticum NNIBRFG32938. The colony of front (A) and
back (B) on yeast extract peptone dextrose agar for 2 days at 25°C and conidia (C). scale bar=10

pm (x400).
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MycoBank No.: MB#834542

Characterization: YPDA HiZ|of] £]A1 =2k}o] 25°Coi|A] 227 B U512 w] S22 UAL A
20 g2 At gt S w= Mol ]}, 22| Y= BFl Y O & ARG A} o)t Al ik
2] okglt}, Zolo] 0|5t HAAYAIS 519 01, 3 7]+= & 3.5 um X Z0] 8-10 um ©]Th. YPDB, PDB,
YMBOIA] AE-5HL L, 20% glucose@} 5% NaClZ 3-3-3F YPDBOIA] 22} A85h= /3o W
FAS B} A8 pHE 4-8, A8 L= 15-30°C2] HYollA AT Vitamin-free BiZ] 0]
A= A7oHA] Sttt

Habit: 5H 2] o 7}5H 2

Specimen examined: Z12HeE 0J4A] F4H, 2021.03.24., NNIBRFG32938, =3 S5 704 24
Sekly

Note: NNIBRFG32938 5+ 26S D1/D2 99| A7|4H-2 NCBI2] blastE ©]-8-5t0] H] w2t
A1}, A. domesticum CBS8280(KF036966) w2} 100%2] A-5-/d& B o, A5 Ao A= A.
domesticum CBS8280, A. domesticum DMic175556 w52t 22 clade®l] £5h= 2102 &9l ] o] %]
ZA O & A. domesticum L2 Tt

Apiotrichum dulcitum (Berkhout) Yurkov & Boekhout [3] (Figs. 1 and 4; Table 1)

Fig. 4. Morphology of Apiotrichum dulctium NNIBRFG33144. The colony of front (A) and back
(B) on yeast extract peptone dextrose agar for 2 days at 25°C and conidia (C). scale bar=10 pm
(x600).

MycoBank No.: MB813412

Characterization: YPDA B 2] of] 4 =250 25°Cof| A 27t B 319S W E2 U&= g e
S =L FElo] k. ZAte] Y= BRI o= APgEARR} ot Abs A A folth
Zolo|| 9|5t BAJAYAIS 519 0™, F7]= Z 2.3 um X Z0] 8 um ©|T}. YPDB, PDB, YMBOIIA] A3
SIS, A5 pHiz 5-8, A5 === 15-30°C2] Bl 9jollA] A7-5F3ATt. Vitamin-free Bl ], NaCl 2
glucose”F E-7- v R|of| A= 7oA 2ottt

Habit: 5} 2] o 245t =

Specimen examined: TG A] AT FH77, 2021.03.19., NNIBRFG33144, = 5570
D!

Note: NNIBRFG33144 w5 26S D1/D2 § 2] 47|14 €S NCBI] blastE ©]-g-5F0f H| w5t
AT}, A. dulcitum CBS8257 (KF036967) 5-2F 99.8%2] /452 B oM AlE4 AoA T A.
dulcitum CBS8260 w52 22 clade]] £5h= 222 2Rl %] o] | FA 02 A dulcium 22 57
=it
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Apiotrichum laibachii (Windisch) Yurkov & Boekhout [3] (Figs 1 and 5; Table 1)

Fig. 5. Morphology of Apiotrichum laibachii NNIBRFG36991. The colony of front (A) and back
(B) on yeast extract peptone dextrose agar for 2 days at 25°C and conidia (C). scale bar=10 um
(x600).

MycoBank No.: MB813415
Characterization: YPDA HiZ]o]] 3—]1 A Esto] 25°CollA 2¢7t BiFelE W SR = St
S —J%‘M ZAL] Yel= T Y 082 AP} o)t Al TRE|A] 9t Eotol] 9
RN 59 o, F7]= Z 3 ym X Zo] 4 yme|t}. YPDB, PDB, YVB, YMBoI|A] A5-5}
_Tl, 20% glucoseﬂ' 5% NaClZ g3t YPDBOI| A AS5k= /32 A= BT A5 pH
-8, A8 2= 15-30°C2) M Qjoll M A8t

Habit: 5121 2] o1}t =
Specimen examined: “F5-5A] AL 3353, 2021.03.19,, NNIBRFG36991, = H 3574424}
A

Note: NNIBRFG36991 w5+ 268 D1/D2 G 2] &7]A4 L83 NCBI2] blastE 0]-8-5F0] H| L
St A3}, A. laibachii CBS5790(KF036976) w2+ 100%2] A-5/dS BEloH, A5 Aol = A.
laibachii CBS8523 w52} 22 clade®l] &5h= 2 0= SRIE|o] XFH O & A Jaibachi O & 57
LEpele g

Saprochaete quercus de Hoog & M.T. Sm [6] (Figs 1 and 6; Table 1)

¥ oot

rlr

Fig. 6. Morphology of Saprochaete quercus NNIBRFG33183. The colony of front (A) and back (B)
on yeast extract peptone dextrose agar for 2 days at 25°C and conidia (C). scale bar=10 pum (x400).
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MycoBank No.: MB500145

Characterization: YPDA B Z|of] &A1 =9Fsto] 25°Col|A] 24 7H HiBHI S wff 22U+ HA %
O = SIS Hlet Z2ke] FElE B o= A EALeL o)t Al TEE]A] ottt St
oJgt FAJAYALS BFl o, 7)== 3 um X Z0] 100 umC|T}. YPDB, PDB, YVB, YMBOI|A] /3
S IL, S pHE 4-8, A5 2= 15-30°C2] HL|ollA] ATt 10% glucose”F =3 HY
Aol A= 2375t g do] A2 ™, NaClo] -2 HiA| ol A= A8 751A] ektet.

Habit: 5 2] o 7}3H &

Specimen examined: G35 Al AL 332, 2021.03.19., NNIBRFG33183, = S5 4}
A

Note: NNIBRFG33183 w5 268 D1/D2 99| 714 FS N 314 blastE- ©]-8-5t] H|wgH
A1} S. quercus CBS750.85 (MK834544) T2} 99.81%2] A=Al S Bl oM, AlE 4 Ao A 7+
2 cladeol] &5h= A 02 ER1E|0o] ZFH O = S, quercus O & 5735 Ml:]--

Tausonia pullulans Xin Zhan Liu, FY. Bai, M. Groenew & Boekhout [3] (Figs 1 and 7; Table 1)

[1

Fig. 7. Morphology of Tausonia pullulans NNIBRFG33181. The colony of front (A) and back (B)
on yeast extract peptone dextrose agar for 2 days at 25°C and conidia (C). scale bar=10 um (x400).

MycoBank No.: MB#812190

Characterzation: YPDA B{A|o]l 24 = 2s}0] 25°CollA] 297} whefel ol o) Bmuit Qi i
ThAS o] Yelo) wiek. TAke] Fel ek 0= ARGIA}e} o) FARE WA stk 2

ofol] oJ&t FAMAIS 5191 01, 37| 2 imX Z10] 3-5 um©|T}. YPDB, PDB, YMBOI|A] A4S
SFAAL, 20% glucoseS 2H7-2H Hi Aol A&oh= U /dS QAT A5 pHe 58, 4% 2=
15-30°C2] H2foll A 275t Vitamin-free B 2], NaClo] @3- Bl A]ol| A= A8 51A] 24Tt

Habit: 5}732] o7+ &

Specimen examined: 58 A| At F7, 2021.03.19.,, NNIBRFG33181, =1 G5 =4}
ks

Note: NNIBRFG33181 w5+ 26S D1/D2 <99 H7]AE-2 NCBIQ| blastE ©]-8-5}0] H] 1
St A3} T. pullulans KBP:Y-4999 (MF927670) w52} 99.43%9] /353 B oM, Al Aol
A= T. pullulans CBS2532, CBS2541 #5-9F 2+ cladeol] &5H= 2102 ERIE| o] | FZ o2 T,
pullulans O & 573 =] ATt

¢
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by
a3

2 A= LA A oA B o2 HE o g R E FE|oto] B4 £
NS SRt 22l &R o] 572 91501 26S IDNAS| DI/D2F-9] A71AE-2 o853ttt At
20 2 Apiotrichum chiropterorum (NNIBRFG36995), A. domesticum (NNIBRFG32938), A. dulcitum
(NNIBRFG33144), A. laibachiiNNIBRFG36991), S. quercus (NNIBRFG33183), Tausonia pullulans
(NNIBRFG33181)5 6Z0| o g R =S =AY 0|5 6Zo] e F o 7|2H vt Q)
o, & =o| HZHilo|t} 07|15 &% 25F PD, YM HijA|oflA] & A}5HoH, 15-30°C 2%
H ool A 85Tt A. domesticum (NNIBRFG32938), A. laibachii (NNIBRFG36991), Tausonia
pullulans (NNIBRFG33181) @552 20% glucoseS 33 YPD BiZ| 0| A] AJ8-5h= WE/Ad =
O™ A. domesticum (NNIBRFG32938)2}t A. laibachii (NNIBRFG36991)+= 5% NaCl2 -+ PYPD
HHXIOHHE*é*IﬁPO% Wdde 7Hlt

2ot
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