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ABSTRACT

fa= This study aimed to screen and investigate the microbiological characteristics, enzyme activity,
. and physiological functionality of unrecorded wild yeasts from the Wolsung valley of South
%f;)%caﬁégf Deogyu mountain and Jinjamcheon in Daejeon city, Korea. Candida sorboxylosa WSC25-
4 (NNIBRFG47336), Arxula adeninivorans WSC6-3 (NNIBRFG47335), Farysizyma taiwaniana

& OPEN ACCESS JRC6-2 (NNIBRFG47339), Saturnispora dispora JTS19-1 (NNIBRFG47334), Vanderwaltozyma
DISSN : 0253-651X polyspora JJCH5-3 (NNIBRFG47337), and Vanrija fragicola SW-9(NNIBRFG47338) have not
eISSN : 2383-5249 been previously recorded. None of these formed spores or pseudo-mycelium, and four strains,
Kor. J. Mycol. 2023 March, 51(1): 3949 including.C. sorboxylosf‘i WSC25-4, were global in shaped. Except for V. polyspora JJCH5-
https://doi.org/10.4489/KJM.20230004 3, all strains grew well in the yeast extract-peptone-dextrose (YPD), potato-dextrose, and
yeast malt extract media. A. adeninivorans WSC6-3 and S. dispora JTS19-1 grew well in 40%

Received: February 09, 2023 glucose-containing YPD medium and V. fragicola SW-9 in 5% NaCl-containing YPD medium.
Revised: March 28, 2023 The supernatant of A. adeninivorans WSC6-3, F. taiwaniana JRC6-2, and V. fragicola SW-9
Accepted: March 29, 2023 exhibited 58.0, 59.0, and 59.0% of glucoamylase activity, respectively. C. sorboxylosa WSC25-

4 also produced extracellular alkaline protease. Antioxidant activity of the supernatant from
F. taiwanian JRC6-2 was high (79.8%), while the other five unrecorded yeasts demonstrated

This is an Open Access elevated antiaging superoxide dismutase (SOD)-like activity (99%). Anti-gout xanthin oxidase

article distributed inhibitory activity of S. dispora JTS19-1 and V. fragicola SW-9 was also elevated at 79 and 80%,
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© 2023 THE KOREAN SOCIETY OF MYCOLOGY.

= o > respectively.
Attribution Non-Commercial License (http:
/[creativecommons.org/licenses/by-nc/4.0/)
which permits unrestricted non-commercial use, Keywords: Enzyme activity, Microbiological characteristics, Physiological functionality,
distribution, and reproduction in any medium, Unrecorded wild yeasts

provided the original work is properly cited.

The Korean Journal of Mycology 2023 Vol.51 39



Moon et al.

ME

35 0|AEQ] § %= Candida albicans®} Cryptococcus neoformance 52 A| 2] $F 22
O] GRAS (generally recognized as safety)w O 2 QR E MEF} HA 5o AEHgi
Zof o] g 2 a1[1,2), HIEFIZ} njU[E 52 3R e e E A Qlk Zalol| o]&
9] probiotics 5 TFFeH Aej2/dE0] Hargol wah U5 A7) Aitel] o]- &&= 1L Qla2-10
B4 5 U AR ES A 2ot o] 59 7|4E0] & of]lo] ofeiThald W
et 55 5o A ETH AT AEE T ¢ F-83 nYE R LA LT

A A 02 Ap=ro] Y2AM Boof tigh F2/d0] 2| F2Ee wet fejuete
29 FYABAL BT} FYdEEAAEo] F40] Hlof SelteiolA Ayt 2
A EAF ] W2t o] 59] HE Yl o] 8o 3t AL E ghdls| FxIs] . 9l
T = AP 7])-20] 20-30°CE 441 o] E5t 77 | nd A d=7k S0 7

B Wsiotol B2 A5o] glo] ekt At a5 ol A4 sh] £2 B7olck ot

Lo

_I_
U"t] B
M 22 i

—

>

o

rr ot
4o > oﬂ.
£ T
olt
z
. O

P

ol

QLo
ot
el
A

oo
i)

A H2 92) 360 JEAS) gol WF - HUHT 9on| B ATLE A 1085
2jufe} Atolut A, 43} 5, o, A, 5250 Efolutop et Bt 4% ABA, 44 4R

T B9 A ZRRE] 0|5 AFABH ]| HESHE oF 250001 FF ThFI opY AR ES
i), 54ste] BHus}ela[12:23), 20052] I 0]7|2 oY R ES AHste] o] 52| #3H
E/452 BIslTH19,21,24-27).
T2, Hegg o 2R E 9] ol 7
Soll sl ol gste] & Aol M i, HEd 9 3 5o FH 2 EY 5227 E oY
grse 2, FHstLolg E = o S o o=
°tH19,28-36].
& A= FYRA A 2 AR oAl 2 R el 2
A SolM £, ST oPIERE 3435] T FU M| ERES AET F ol A &
A1t a4 9 e 55 2AFSHe] Hashaiat gttt

~
J
tols
!

f
t
> ©
e
QL'

I 0718 229 ME

2 Aol dEl At 24
A R, 2747 AR} smeat

tho R SUAEAAT DBYH 8 R z@x}f—;%g o1g1o] 4] 012 522
A 3 (34) ofefoh 2ol FoLA BT IS RS kT AR 52 S

AU 0pIE BESe ForH 54
2 0712 P ERES IO A IS AT 52 o) 83te] oSe) B 7

o4 £4 & thadt 2ol AFsIItH23]. 1]7]5 B E-E2 potassium acetate-yeast extract

dextrose (SM) B A2} glucose-peptone-yeast extract (GPY) $H4 B Z]o]] s=2F2| 0 2 vjfst &

The Korean Journal of Mycology 2023 Vol.51

40



Six Unreported Wild Yeasts Isolated from Fresh Water Area in Korea

A3 A} 335HaAn] 7 (BX43, OLYMPUS , OLYMPUS, Tokyo, Japan)& 1| 72} eXcopex3 2
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amino acids, BD Difco, Le Pont-de-Claix, France) 248l 2| of] 2&5}0q 30°Col|A] 24A|7F Bl FH &,
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Candida sorboxylosa WSC 25-4

2022'd 8 ' A9 FEFA A FHREGIA 2Eg Ul n|7| S o e R e
0.6-0.8 um =L7]9] L 2 = Zolo] oJsl FY F-A12 SHUL, TR} OfFAMS FAI5HA] At
YPD, YM (yeast extract-malt extract), PDA (Potato dextrose agar)8| A| 2} vitamin-free HJ %] of| 4] A§7-0]
FUTE 30% =2 IR YPDHIR| o)l A] Aol 2 HEH, 5% NaCl= 73t YPDHNA] Oﬂﬁ

+= A37olA] ottt EE3L Ca, Fe, Cu, Li, Zn, Mg 2450l tisto] 800 ppmZ7HA] W8S
St} 2 =T} palactose, sucrose, raffinose, starch, xylose, sorbitol 52 AF8HA]Z4 1L, fructose, mannose,
maltose, lactose 5= AFSFA] 7] 2] 2okt oH, i F-20] F7-52 T aA|7]A] ST

Table 1. Microbiological characteristics and assimilation (fermentation) of unrecored wild yeasts.

Strains
Characteristics e S A I ey LD
WSC254 ITS19-1 WSC63 polyspora SW9 favaniana
JICH5-3 JRC6-2
Morphological characteristics
Shape Global Global Global Oval Global Oval
Size (um) 0.8x0.6 0.8x0.7 1.1x1.3 1.4x0.8 1.1x14 1.6x0.8
Vegetative reproduction Budding Budding Budding Budding Budding Budding
Spore - - - - - -
Pseudomycelium - - - - - -
Cultural characteristics
Growth on YPD /YM/PD media A A A -+ A H/AHA
Color on YPD medium Yellow White White White White White
Growth:
vitamin-free medium ++ - ++ - + ++
30/40/50% glucose YPD medium +-/- - - +/-/- +/~/- +/~/-
5/10% NaCl YPD medium - -l -/- -/- +H- -/-
Heavy metal resistance (400/800 ppm)
CaCl,, CuSO,, FeCl,, MgSO, A H/A A+ A+ ERrans ERrans
CoCl, - /- /- /- /- -/-
LiCl 4 A+ A A - N ARE
ZnCl, Enrans ++/- A+ A+ -/- --
Growth range of temp./pH 20-30°C /pH 6.0- 20-30°C/pH4.0- 15-30°C/pH4.0- 20-30°C/pH5.0- 20-35°C/pH4.0- 20-30°C /pH 6.0-
9.0 9.0 9.0 9.0 9.0 9.0
Assimilation glu, gal, suc, raf, sta, glu, fru, gal, man,  glu, fru, gal, man,  glu, firu, gal, man,  glu, fru, man, suc, glu, man, mal
xyl, sor suc, mal, cel, lac, suc, cel, raf, sta, xyl, suc, raf, sta, xyl, sor mal, cel, lac, raf, sta,
raf, sta, xyl, sor sor sor
Fermentation - man - glu, firu, man, suc - -

YPD: yeasts extract-peptone-dextrose; YM: yeast extract-malt extract; PD: potato-dextrose; glu: glucose; fru: fructose; gal: galactose; man: mannose; suc:
sucrose; mal: maltose; cel: cellobiose; lac: lactose; raf: raffinose; sta: starch; xyl: xylose; sor: sorbitol.

*+; growth, -; no growth.
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JRC6-2 Farysizymataiwaniana

AY551270.1 Farysizyma taiwaniana

(A)

NG 059914.1 Triodiomyces triodiae

AJ235284.1 Tilletiaria anomala

AY743608.1 Malassezia sympodialis

AY586726.1 Vuilleminia macrospora

88

(B)

KC008472.1 Schwanniomyces occidentalis

KY109520.1 Saccharomycopsis vini

DQ128168.1 Pichia ofunaensis

o1

97

99 | JUCHS-3 Vanderwaltozyma polyspora
EF460547.1 Vanderwaltozyma polyspora
LC808607.1 Vanderwalfozyma verrucispora

KM521835.1 Saccharomyces delbrueckii

HG532107.1 Saccharomyces membranifaciensgenomic

KJ999792.1 Kazachstania exigua

\; AJ745090.1 Zygosaccharomyces mellis

WSC6-3 Arxula adeninivorans
U40094.1 Arxula adeninivorans

KJ173774.1Issatchenkia hanoiensis

L| 1 [ WSC25-4 Candida sorboxylosa

99

KC192660.1 Hyphopichia burtonii
HQ149308.1 Issatchenkia terricola
AB436411.1 Candida silvae

KY109550.1 Saturnispora saitoi

o7 FNS08197.1 Saturnispora quitensis
99| | 9TS19-1 Sawrnisporadispora

99 L U94937.1 Saturnispora dispora

100

AJB76599.1 Cryptococcusrandhawii

LC054320.1 Candidasorboxylosa

) U45721.1 Candida gropengiesseri

99 DQ404529.1 Starmerella potacharoeniae
1

0
NG 060827.1 Starmerella sorbosivorans

—

0.050

[—
0.050

100

KJ159038.1 Cutaneotrichosporon haglerorum

94

j KU316773.1 Vanrija humicola

KX903008.1 Saitozymapodzolica
SW-9 Vanrijafragicola

100 L AB126585.1 Vanrija fragicola

Fig. 1. Phylogenetic trees of unrecorded wild yeasts, Farysizyma taiwaniana JRC6-2, Arxula adeninivorans WSC6-3, Candida
sorboxylosa WSC25-4 (A) and Vanderwaltozyma polyspora JJCHS-3, Saturnispora dispora JTS19-1, Vanrija fragicola SW-9 (B),
based on the sequences of D1/D2 region of the large-subunit rDNA. The tree was generated by the neighbor-joining method, using

MEGA X. The bar indicates the number of substitutions per position. (Bold : unrecorded yeasts).

| -
D)-

B)- C).
| - | -

Fig. 2. Microscopic features of the five unrecorded yeasts, Candida sorboxylosa WSC25-4 (A), Arxula adeninivorans WSC6-3 (B),
Farysizyma taiwaniana JRC6-2 (C), Saturnispora dispora JTS19-1 (D), Vanderwaltozyma polyspora JJCH5-3 (E), Vanrija fragicola

SW-9 (F). (scale bar=1 pm).
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SHH, o] n]7]| S+ & 2+= Nakase [40]7F AFAAZHE 22|32t C Krusei 5 76752 oY &R
£2 9Ao] 5Pt et 2714, DNAS] GHC 65 EUlE A5 4o 75 5 sht=
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Arxula adeninivorans WSC6-3

20224 82 e B4 297 FREYCIAM 2eld 2 0)7|= oY EE 2 1.1-13 um
S71e] 302 Zolol oJs) o ZAIL SHQLaL, EAle ol FAFE FAISHA] URATH YPD, YM,
PDACH|A] 2 A3} 31 vitamin-freed 2] ol A &= AJ 831 Tk LT 40% E =S S-7-3HYPDHRA]
of| A AJ25H= UlgAdo] 9lo] Tt tho] W Q3 ok=Hl g A} o] vﬂ% Zo & Atz E)
Ca, Cu, Li, Mg Zn, Fe 5] 554 o] 250l thslo] 800 ppm7HA] W& BT E =7} fructose,
galactose, mannose, sucrose, maltose, cellobiose, raffinose, starch, xylose, sorbitol 52 AF&}A| 2 L} T
20| GRES WFAP|A| Lslict 2, o] 0]7|2 ER ASEFEA 0 2 Saccharomycetes
59| Dipodascaceae Ztof| £5h= oM, 53] AAtAS A7 URV/dS 7RI a2 A3 12
| S,"],\E]' 41].

Farysizyma taiwaniana JRC6-2

20229 58 YA 2 FFR =4 A FHE oA Hejdt oI a R & 1.1-1.6 um
3719] F o 2 Zolof| ofef FU FAIS HAL, LA} Ot AMS F/d5HA] ekt YPD, YM,
PDACIA] 2 Y851 A9, vitamin-freeH Z] ol Al = A8-551A] 2Tt TEgh, 40% =S 5
g YPDHHA| oA AYS-31 AL Ca, Cu, Fe, Mg 52 55 ©] 2=l H5k] 800 ppm”7HA] W2
Hle}, 2=} mannose, maltose 52 AFFAIZ o U Tl R-22] GR-ES TEA7]A] Zsioith
o] 07|12 &%= tjvhe] Nanjen-shan A H S 10|l E - E=0] 7k 2] Al Eof| A FLAA|
U4 G0 2 22 B lTh42],

Saturnispora dispora JTS19-1

2021 102 tAZ A T AR Rte s FRESIA 223t o a2 2 07-0.8 um 2
J)6] 790 2 ol loh ok 241 6191 sk e} Ak Aab ek} YPD, YA, PDA
Ol B AR EISLviamin e Aol A A8 517] REISICH o 40% EE S S5 VPD
Hiz] ol A Ag5she Wg7d2 7HAAL Ca, Cu, Fe, Li, Mg 52 S5 o250l thistod 800 ppm7}4]
WS AT 2 =3} fiuctose, mannose, galactose, maltose, sucrose, lactose, raffinose, cellobiose, starch,
xylose, sorbitol 52 AFSFA| 71 1L, E0|5HA] mannose¥HS W A|ZTE =W 1] 7| & &% Satumispora
dispora JTS19-1:= T-@-4E 2= th=-Z0lof| ofet Y5412 1-2719) AhdZALE Adsh= &%
228 B s3],
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Vanderwaltozyma polyspora JJCH5-3

20229 9 tAFGA] ZE shR-el Xt S=Rof|A] 223 o R = 0.8-14 pm 2719]
W02 Zofol ojal oo FA12 B0, BAjek SIZAE T Q3tch, YPDZ PDASIA
2 285513 2 U vitamin-free Bl 2|0l A= A38-5FA] kST, B3, 30% E = E-2 -2t YPDHY
Aol 4] Y&35FAIL Ca, Cu, Fe, Li, Mg, Zn 52| Fa<50]2&°] thdto] 800 ppm7HA] Uld= E 3
o}, 3 =7} fructose, mannose, galactose, sucrose, lactose, raffinose, starch, xylose, sorbitol 5= AFSHA|
Zith. 3hH, o] 0]7|& &= Van der Waltel] 2]5+04 Kiuyveromyces polyspora= *5 B 11|32
LH44], 5| Vanderwaltozyma<s O 2 A H =] i

Vanrija fragicola SW-9
20221 9 thgA] 2R shRQl JRtal 0| AR Rl Al ol A 23t o =
L1-1.4 um 27]2] F o 2 ZFolof| oJs} FF T4 SHALL, EARL} O+t ALE A 5HA] Rkt
YPD2}YM, PDACIIA] 2 A3 €513 AL vitamin-freeBf A] of| A = AY-8-5F T, T3 30% E = 5%
NaCh& 212} 333 YPDH A ol A A55h= Ui/ d o} Ul /g o] Qlof aiteloll ] 5-83 Uit
2914 AP S B0 2 AYZEITE Ca, Cu Fe, Mg 5 F3450] 2:50f 31 800 ppm
M WAS B a1 I = fructose, mannose, sucrose, maltose, lactose, cellobiose, raffinose, starch,
Sg a7 S WopAl71A) BT, el FRES
HHg A|7] 2] Fo1t) o] S %= X3 Cryptococcus fragicola = 57 QoL HAY V. fiagicola =
ARG, YW AIo ] 74 R IR 0 = Zol 0 2 R At 702 iAichas)

sorbitol 5= O 1} galactose, xylose, ribose 5

—
A 6 2] Sul 17|15 G259 13 7157 A=A 0] vt 5848 FotEr] 9
8l ols R a5 i F5dol thet ek woldtd aasy B dEsias 2/

52 S5 th(Table 2).
o|& n|7]& o g 52| v /35 U= 5 A. adeninivorans WSC6-3 2} F. taiwaniana JRC6-2, V.
ﬁ'ag1cola SW-9 5-9] glucoamylase &3 0| 22} 58.0%, 59.0%, 59.0% = H| 14 &0} o] 5 #F-50°]
E o} Aabo] ¢ 7-85F 70 2 At Ech J2{ut invertase Z4J 0] F 2.0-20%2] EAS B
2 ¥ ojeto] @ AFAL YA 1% v]Rke] e 442 BTk 5 C sorboxylosa WSC254
ZJ HjF 5] ezte)d Tl ol g4 E/do] =ot o] #59] At Sofl Tt 7}
A2l 58 A7t H stk
ol& 7|15 AR E2] ui 5ol o
ZAFeE A= Table 29} o] W3t A] T FHatal E/d 2t SOD-FAREA 0] 6 25
2 o} &1 S, dispora JTS19-13} V. fiagicola SW-92

r&"
ok
&
e

N
ol
o
ox.

70%2} 80%= =7 JET. wetA o5 07| & 52 a9t S5l 91gt 117
A4 7ol v F-85 Ao 2 AL H ) $HH, 58/ Aol A H elastase®} collagenase#]

aigde gl AU 20%m|Rke & Yokt
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Table 2. Enzyme activity and physiological functionality of unrecorded wild yeasts.

. .. S Satu.tm'spom Wa Ve Vanrija fiagicola Fa{ySiZ)./ma
Functionality/Enzyme activity sorboxylosa dispora adeninivorans polyspora SW9 taiwaniana
WSC254 JTS19-1 WSC6-3 JJCHS-3 JRC6-2

a-Amylase activity & - - - - -
Glucoamylase activity 140 (#0.2) 8.0 (£1.0) 58.0 (0.6) 11.5(+04) 59.0 (0.4) 59.0 (0.4)
[-Glalactosidase activity - - - - - -
Invertase activity 1.93 (0.2) 20.8 (0.3) 224 0.9) 2.0 (*2.0) 209 (+0.3) 20.9 (+0.6)
Cellulase activity - - - - - -
Protease activity

neutral P - - - - - -

alkaline P ++ + - + + -
Antioxidant activity 66.0 (£2.0) 59.4 (£2.0) 77.1 (*0.9) 554 (£1.5) 70.7 (£2.0) 79.8 (£1.7)
SOD-like activity 983 (+0.8) 98.6 (1.1) 98.5 (+0.1) 95.1 (+1.0) 99.5 (20.6) 99.3 (+1.2)
XOD inhibitory activity 66.5 (+2.0) 79.0 (2.0) 3.8(2.0) 352(*1.0) 80.0 (22.0) 26.0 (2.0)
Collagenase inhibitory activity nd nd nd nd nd nd
Elastase inhibitory activity 20.1 #0.1) 219 (#0.5) 14.5 (£0.6) 15.1 &1.1) 222 (22) 22.50.1)

°-, n.d: not detected; +: growth, -: no growth.

un

HEA 28 A X SAZRE 223t o a s F =l v|7]E opy
E ol&9] e}y EAut g A8/ Y AREA 52 RAMIRITE o5 o R

£ % Candida sorboxylosa WSC254 (NNIBRFG47336), Arxula adeninivorans WSC6-3 (NNIBRFG47335),
Farysizyma taiwaniana JRC6-2 (NNIBRFG47339), Satumnispora dispora JTS19-1 (NNIBRFG47334),
Vanderwaltozyma polyspora JJICH5-3 (NNIBRFG47337)2} Vanrija fiagicola SW-9 (NNIBRFG47338) 5
6trE= 7Ul 1715 o R R SR T ARl olF #E2 -2 1328 oo
olsl| YYFAS SIRIL, BT APFEALR} ot ARES BAISHA] ZUT V. polyspora JICHS-32] 5
T3E50] YPD, YM, PD5-2] HR|ol| A & R85} 1, A. adeninivorans WSC6-32} S. dispora JTS19-
| FFE2 40% 2= 3H7-3HYPD B Z|of|A] & A85h= WS B O M, V. fiagicola SW-9
T 5% NaCl& E13F YPDHIR|O M A&oh= 24 aR g SRIEQIT =4 n]7|S oY
[EQ| HiF AFSHNE Z A. adeninivorans WSC6-32} E. taiwaniana JRC6-2, V. fiagicola SW-9 5-2]
glucoamylase 2430 217} 58,0, 59.0, 59.0% 2 H| 1] =9k, C sorboxylosa WSC254 w72 47+
2] Tl Rej @ E/gdo] =ot AlA Atdoll §-83 Ao & Al HTh B3 07| & 8259
= Y 52 FAtel /g 1 SOD-RARI 0] 70-98% 2 Bl =3k, S. dispora JTS19-13} V.,
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