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ABSTRACT

This study aimed to produce novel bioactive compounds from non-pathogenic pigmented
wild yeasts. Culture supernatants and cell-free extracts of non-pathogenic pigmented
yeast strains were prepared, and their physiological functionalities and enzyme activities
were measured. Cell-free extracts from Rhodosporidium paludigenum HHGG35-1 and
culture supernatants from Rhodosporidium diobovatum NMD18-1 demonstrated very
high antioxidant activity (76.6%) and anti-gout xanthin oxidase inhibitory activity (86.2%),
respectively. Maximal production of the antioxidants (76.9%) was obtained when Rh.

'.) Paludigenum HHGG35-1 was cultured in a yeasts extract-peptone-dextrose (YPD) medium
e (pH 6.5) at 30°C for 24 h. The xanthin oxidase inhibitor was also maximally produced (91.6%)
. when Rh. Diobovatum NMD18-1 was cultured at 30°C for 96h in a YPD medium (pH 6.5).

Rh. Paludigenum HHGG35-1 was oval in shape and formed ascospre. The Rh.diobovatum

a OPEN ACCESS NMD18-1 specimen displayed dimensions of 1.6 x 1.6 pm and produced ascospores; however,

Fe’:ggnfgggg_'g;g it did not form pseudomycelium. Both of Rh. Paludigenum HHGG35-1 and Rh. Diobovatum
NMD18-1 grew well in a 40%-glucose-containing YPD medium and 10%-NaCl-containing YPD
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Acetylcholinesterase (AChE) &34 ; AChE2kacetylthiocholine iodide, 5,5'-Dithiobis 5= ©]-8-3
o] plate reader= 415 nmOY| A S =S 5750] AChE A4S ZAISHIATH4].

Angiotensin I -converting enzyme (ACE) A|1&/d; vif -5l FAE 22552 27
ACE 2} 7181 hippuryl-histidy-leucine& §H--417] 1L 2§73 hippuryl 258 228 nmOllA] FF=
£ S7Jsto] ZASIATH2).

Tyrosinase | 31&/J 2} xanthine oxidase &3l Z/J; L-tyrosineS ©]-8-5+%] plate reader= 470
nmOl|A] G EE =451 tyrosinase A NS4 ZAFSFIITH18]. Xanthine oxidase 13l E/d-2
xanthine¥} xanthine oxidases B 5 W} FA|E 2E2E2 27 HHg-S AR £ AAH uric
acid 32 292 nmell A S =5 S5t 2ARIRITH13,19].

Elastase2} collagenase A3 &d; N-Succinyl-(Ala)3-p-nitroanilide®} elastase (0.2 unit/mL)S Al &
S0l 23t < plate readerE ©]-85+0] 410 nmONA SFEE 57510 elastase S/3= FAFGHAIL
[20], 4-Phenylazobenzyloxycarbonyl-Pro-Leu-Gly-Pro-D-Arg¥} collagenase (0.5 mg/mL)E Al 552
T T 6% AL ol HotAE 0] EE 7S] RESAI] & 4] sto] A2 A5 Hel S
5 340 nmol| A %51 collagenase A1 311&H/d-S ZAFSHITH12].

a-glucosidase ZI3H&/3 2} B-glucosidase /d; A a-glucosidase AN -2 a-glucosidase}
p-nitrophenyl- 3-D-glucopyranoside (PNPG)E F-H|E F£Z2=Z HHS-A|7] & plate reader= 405 nmO|
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& S%lol] Tofsh= B-glucosidase B/ pNPGE- 7| 2 = oo Fd2AH 0 2 S50 TH21).
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ol
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H
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7} glucoamylase 22 DNSH2 o]-8-5t0] A4 2hd &= 535 oA SB=E S5t
of AEFotiTh22].

Invertase 2/3 7} B-galactosidase Z/J; Invertase T2 sucroseS 7] A 2 AF25Ho] S5
[23], B-galactosidase B2 o-nitrophenyl-B-D-galactopyranoside S 7| 4 2 }of H-G-A]
p-nitrophenol T2 410 nmOl| A SFEE S4FAUTH24].

N
o
ox

X
iR

2 phenolphthalein 2] A|2F2 2 2] 0,05 N NaOHL_Z 44 5}o] 4513 TtH26).
Protease 8/3; CaseinS 7|2 2 HF2-A]Z] & folin A|2FO. 2 MM 510 660 nmol|A L =S =
7g5t3lTH27]
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Table 1. Antioxidant activities, SOD-like activities and xanthin oxidase inhibitory activities of non-pathogenic pigmented wild yeasts.

No. Strains Antioxidant activities (%) SOD-like activities (%) XOD inhibitory activities (%)
Supematant ~ Cell-fieeextract ~ Supematant  Cell-fieeextract ~ Supematant  Cell-fiee extract

1 Udeniomyces pyricola HNDC4-2 nd nd nd 195 245 nd
Naganishia cerealis NDC27-3 71.0 nd nd 286 137 127
3 Rhodosporidiobolus fluvialis AWP22-1 nd nd nd 654 104 163
WP6-25-2 725 52 nd 473 nd 26
AWP32-3 664 242 nd nd 158 nd
AWP6-6-2 673 182 nd 513 254 86
AWP30-1 483 nd nd nd 322 25
WP6-7-1 40 nd nd 180 7.0 nd
4 Rhodosporidium diobovatum NNMD6-1 638 1.8 nd 540 105 269
WP22-1 587 09 nd nd 353 nd
NMD18-1 70.1 138 nd 457 862 154
5 Rhodosporidium fluviale WP26-2 nd nd nd 584 30.7 0.1
WP31-2 337 nd nd 119 105 95
WP18-1 46.6 nd nd 673 20.1 nd
6 Rhodosporidium paludigenum HHGG35-1 76.6 302 nd 310 183 179
NNMD22-1 664 0.1 nd 365 42 nd
7 Rhodosporidium toruloides HGG35-2 483 1.8 nd 61.1 44 nd
8 Rhodotorula paludigena HGGI-1 535 1.8 nd 187 4.1 113
9 Rhodotorula taiwanensis AWP34 69.0 nd nd 276 249 105
10 Sporobolomyces carnicolor HGG10-1 595 nd nd nd 330 nd
AWP31-3 62.1 nd nd 426 73 nd
HHGGI12-1 40 nd nd nd 10.1 nd
11 Tetracladium setigerum HGG104 294 nd nd nd nd nd
12 Ustilentyloma graminis ‘WP29-3 328 nd nd 85 6.3 172

SOD: superoxide dismutase; XOD: xantine oxidase; n.d: not detected (<0.1%).

Table 2. Cardiovascular functionalities and o-glucosidase inhibitory activities of non-pathogenic pigmented wild yeasts.

No. Strains Angiotensin I-converting enzyme Acetylcholinesterase inhibitory ~ Fibrinolytic activities 0-Glucosidase inhibitory
inhibitory activities (%0) activities (%o) (supematants, %) activities (%)
Supematant  Cell-free extract Supematant ~ Cell-free extract Supematant ~ Cell-free extract

1 Udeniomyces pyricola HNDC4-2 nd 5.1 nd nd nd 26.7 102
Naganishia cerealis NDC27-3 nd nd 115 37 + 190 93
3 Rhodospori diobolus fluvialis AWP22-1 nd nd nd nd nd 20.1 5.6
WP6-25-2 nd nd nd nd + 269 95
AWP32-3 nd 9.1 nd nd + 300 103
AWP6-6-2 nd nd 34 12.6 nd 287 10.0
AWP30-1 nd nd nd nd nd 29.6 9.0
WP6-7-1 nd nd nd nd nd 278 88
4 Rhodosporidium diobovatum NNMD6-1 nd nd nd nd ++ 27.1 108
WP22-1 nd nd 94 284 nd 285 104
NMD18-1 nd 88 74 28 nd 288 11.0
5 Rhodosporidium fluviale WP26-2 nd nd 12.1 nd nd 30.5 130
WP31-2 nd nd 10.7 35 nd 256 157
WP18-1 nd nd nd 325 + 280 159
6 Rhodosporidium paludigenum HHGG35-1 nd 99 nd nd nd 286 99
NNMD22-1 nd nd nd nd nd 286 119
7 Rhodosporidium toruloides HGG35-2 nd nd 198 73 nd 296 111
Rhodotorula paludigena HGG9-1 nd nd nd nd nd 264 87
9 Rhodotorula taiwanensis AWP34 nd 125 155 430 ++ 268 40
10 Sporobolomyces carnicolor HGG10-1 nd nd nd nd nd 273 88
AWP31-3 nd nd nd nd nd 25.1 100
HHGGI12-1 nd nd 95 152 nd 0.8 46
11 Terracladium setigerum HGG104 nd nd 13.6 nd nd 9.8 4.7
12 Ustilentyloma graminis ‘WP29-3 nd nd 122 145 nd 26.0 8.1

n.d: not detected (<0.1%); +: clear zone size (>0.1cm); + clear zone size (>0.5cm).
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TS} Sp. camicolor HHGG12-1 BHY /3524 2] &ZHa]Ad protease 2} U. graminis WP29-3 Bl Y /-5
Ho] Zd protease E/J 0] =0} o] 5 A2 A 7ol §-88 21 02 AFE E THTable 5).

Table 5. Protease activities and lipase activities of non-pathogenic pigmented wild yeasts.

No. Strains Protease (supernatant/cell-free extract) activities Lipase activities (%)
acidic neutral alkaline supernatant  cell-free extract

1 Udeniomyces pyricola HNDC4-2 +H- +- +- nd nd
Naganishia cerealis NDC27-3 +H/- +/- +/- nd nd

3 Rhodosporidiobolus fluvialis ~ AWP22-1 -/- -/- -/- nd nd
WP6-25-2 /- /- +- nd nd

AWP32-3 /- /- +/- nd nd

AWP6-6-2 /- /- +/- nd nd

AWP30-1 -/- +/- -/- nd nd

WP6-7-1 /- /- +/- nd nd

4 Rhodosporidium diobovatum ~ NNMD6-1 -/- +/- +/- nd nd
WP22-1 /- /- /- nd nd

NMD18-1 /- +- /- nd nd

5 Rhodosporidium fluviale WP26-2 -/- -/ -/ nd nd
WP31-2 /- /- /- nd nd

WP18-1 -/- -/- -/- nd nd

6 Rhodosporidium paludigenum HHGG35-1 -/- -/- -/- nd nd
NNMD22-1 /- +/- +/- nd nd

Rhodosporidium toruloides HGG35-2 +- +- -/- nd nd

8 Rhodotorula paludigena HGGY-1 /- /- /- nd nd
Rhodotorula taiwanensis AWP3-4 +H/- +- +- nd nd

10 Sporobolomyces carnicolor ~ HGG10-1 +- +H/- +- nd nd
AWP31-3 /- - +- nd nd

HHGGI12-1 /- /- - nd nd

11 Tetracladium setigerum HGG104 -/- -/- -/- nd nd
12 Ustilentyloma graminis WP29-3 +- - +- nd nd

n.d: not detected (<0.1%); +: protein lysis zone (>0.1cm); -: not formed lysis zone.

SHH | invertase, [3-galactosidase, glucoamylase, cellulase, lipase 23 -2 1AW o2 0| eks}3i Tt

ol/de] ARt a4 B 55 TS W 24 FH st Aof HiE o A2
A9 GatslEd 24 § W & Rh. paludigenum HHGG35-1 752245324 xanthin AFka 4 {3
2/d ¢4 G2 2 Rh. diobovatum NMD18-1 5 20-F5< 2|& 94 a2 52 AU5I9lth Yang
511412 A G %91 Rh. paludigenum®| 712 TA| 22 347} AFE7} Aj9-9] AkEE/d 311
of grofghtal B 1Sk Hyun 5130] = oPd2toll A 22f3h vl o &= Ps. hubeiensis
228-S-19] xanthin A2t 4> Z{52/d0] 19.6% °] {th= ZAH T & A 777} oF 66% B E2

xanthin AFBHE4 ABES Hol 41912 $-8o] 2 94 FRFFE ARLL

rit

SHMSHEE D xanthin A8tE A Kol S E MAZxZ

G2 At Q4> 5 Rh. paludigenum HHGG35-12} xanthin AFSta A A &2 Ak 5=
Rh. diobovatum NMD18-15-2] ZAFSHE2 1} xanthin AFel@ 4~ ]| E-2 AYAto]| 0] 2] ufj 2] <} vl
Z19] 27| pHES] FFS ZAFSH 2ut F 2|2/ EZE 25 27] pH 652 27 YPD HiA]
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of Hjsto] A2 vlF FSAEC] 242 7MY =2 764%2] FAT2FEd T} 89.3%2] xanthin e}
a4 A3lg4-S X 1 th(data not shown).
3 | FAkst SR} xanthin AFSFE A #3122 AJAto] 2] JFS Lok 7] 9i5to]
Ak #3291 Rh. paludigenum HHGG35-13} Rh. diobovatum NMDI18-15-2 22} YPD Hi |l &
30°CollA] 120A17F71A] B FeA A o] &9] FAFSEA T} xanthin AFSta 4 A ES =
OJ 7,=iﬂr Fig. 13} 2}, A& o AS0] A21717F A&t E] = vl 24A17He] vl 5
76.9%E 717 =Sk a1 vl QFA|Tto] Zo] o whe} @ 5] 2] WobHirt.
TS xanthin oxidase A1 ZHA-2 Rh. diobovatum NMD18-12] B A|7to] Ao Aloj| uje} =7}
A50] AA71E AU A E7| 2 Fol7he vl 96417l 91.6% 2 2| 110] Asiede HY
&F 12041 7FR] I 80% ©1/d-2] 22 xanthin oxidase #13H&Hd-& B A Th(Fig. 1).
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Fig. 1. Effect of cultural time on the antioxidant activtiy and xanthin oxidase inhibitory activity of
Rhodosporidium paludigenum HHGG35-1 and Rhodosporidium diobovatum NMD18-1.

SR EE 1} xanthin M2lEA MO EE M R E0| HetH £E4

Fel| W e EA; FAreE A 3 xanthin AV A 2 HEZ A4t 24~ 521 Rh. paludigenum
HHGG35-12} Rh. diobovatum NMDI18-1 55-2] phylogenetic treet= Fig. 29} 2731 e} vl E
JES ZAFSH A3t= Table 62 2T} Rh. paludigenum HHGG35-1-2= EFYIE, Rh. diobovatum
NMDI18-1-> -5 2 & Zolo]| o} F5Al= ot L A7]= 2H2F 1.1 X 1.6, 1.6 X 1.6 pmO| Y
o}, 2F ZAFE /35l o O HFANS B/d5HA] Fot3ith

TSt A 352 YPD, yeast extract-malt extract (YM) 2 potato-dextrose (PD)EI |50l 4] 2+ AY
SO 40% Z S 27 YPD B A = Aot W/de BIUTE F 745 25 10%
NaCIE gH3HYPD v Z|of| A & Asoh= 24 R R E24 AR 2+l ud7|4
= A oh=tl f-&5H 2824 S Aol o] SR Ygidolm Udg o] A R77EA] 2]
tiAFE2 A4kt o] & Folu A 7hs Algatd o 2 -85kt i AS sl AF-E A
oZ AlRHCH
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NMD18-1 Rhodt idi dic

KC442275.1 Rhodosporidium diobovatum

KC006551.1 Rhodotorula glutinis

AY296049.1 Rhodosporidium kratochvilovae

AB217508.1 Rhodotorula mucilaginosa

KP324973.1 Rhodosporidium toruloides

HHGG35-1 idium paludig
HQ670686.1 Rhodosporidium paludigenum
KC006496.1 Rhodotorula colostri
JQ235059.1 Papiliotrema laurentii

[ EU194465.1 Leucosporidium scottii

4 KCO006494.1 Rhodotorula fujisanensis
1

100
KC006839.1 Rhodotorula nothofagi

KU587694.1 Cyphobasidium hypogymniicola

AF070437.1 Sporidiobolus pararoseus
x

100
JN377449.1 Sporobolomyces roseus

—_—
0.050

Fig. 2. Phylogenetic tree of the antioxidant-producing Rhodosporidium paludigenum HHGG35-1 and
xanthin oxidase inhibitor-producing Rhodosporidium diobovatum NMD18-1, based on the nucleotide
sequences of large subunit 26S ribosomal DNA D1/D2 region.

Table 6. Microbiological characteristics, assimilation and fermentation on sugars of
Rhodosporidium paludigenum HHGG35-1 and Rhodosporidium diobovatum NMD18-1.

Strains Rhodosporidium paludigenum Rhodosporidium diobovatum
HHGG35-1 NMD18-1
Morphological characteristics
Shape/size (um) Oval/1.1x 1.6 Global/1.6 x 1.6
Vegetative reproduction Budding Budding
Spore/pseudomycelium +- +-
Cultural characteristics
Growth on YPD/YM/PD media A /A
Color on YPD medium Red Red
Growth:
- Vitamin-free medium ++ -
- 30/40/50% glucose YPD medium ++/- +H/+/-
- 10/15% NaCl YPD medium +HH- +-
- Growth range of temp./pH 15-30°C/pH 6.0-9.0 20-37°C/pH 5.0-8.0
Heavy metal resistance
400 ppm LiCl, ZnCl, -
800 ppm CaCl,, CuSO,, MgSO, CaCl, CuSO,, FeCl,, LiCl, MgSO,
Assimilation/fermentation
Assimilation Glucose, mannose, sucrose, maltose Glucose, fructose, maltose
Fermentation Glucose, maltose -

YPD: yeast extract-peptone-dextrose; YM: yeast extract-malt extract; PD: potato-dextrose; +: growth; -: no growth.
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ot

H, £ FEEL Ca, Cu, Fe, Mg 59] F54 012 50| thslod 800 ppm7H] LS H AL Rh
paludigenum HHGG35-1 72 pH 6.0-9.0, Rh. diobovatum NMDI18-1 72 pH 5.0-8.001|1 4] 2 255}
. om ARt FFE5-220-37°CollA &3

gl Sol Tie AT A, A1 RS o] BhAglo 2 gRel gt gol cie AHaHy
WA S ZARSH A= Table 62 2T WA Rh. paludigenum HHGG35-1 < =37} mannose,
sucrose, maltose 5= A8t A|F AL E =G} maltose THE WG Al FA T BESE Rh. diobovatum
NMDI18-1-2 2 =G} fructose, maltose S A&} Al Z QL A& of] AFE-SH 2E F-5-2} sorbitolS '
FAZ|A] ZSRA.

T}

2], %o AR s F HIH UG A g RS2 At & S Y@ aagdES
AV 2| FA 02 FAkse ] 94~ 732 Rhodosporidium paludigenum HHGG35-1
AIAE Q4> A2 Rh. diobovatum NMD18-15 A1HH519]
paludigenum HHGG35-19] AeHE42 27| pHE 652 243 YPD Hj Ao A 45 HE
6.9%2] 2|t 2445 Btk Rh. diobovatum NMDI18-12]
xanthin APt E A A& A 525 YPD HIA|ol] FE5t0] 30°Col|A] 9641 7HE-<t v P53
< 1 91.6%2] 2|t 2= B AteFEd 2} xanthin ARt E A Ao 4= w52 5
2 E/& XA, Rh. paludigenum HHGG35-1+= EF G O = XS AJ5H31aL YPD, YM,
PD H| A Y H]EFIS 37Fs}A] g8 YPDHA|o|A] 2 A55131 21 40% X == -2t YPD
219} 10% NaCl& HR-5F YPD Bl Z|of| A = 2 A55to] ZFet W/d ot S/dS B3lc &
&8/ xanthin AF2F a4 A& A4k 94 F1 Rh. diobovatum NMD18-12 -3 0.2 2}
S SIS YPD, YM, PD HA|olI A 2 Y5513l o0 40% E S T3t YPD B2} 10%
NaCl= &3 YPD Hljz]oi|A] AF5-5to] Ui Adat Uid/de E ik 12y BlERlS §-R-614]
%2 iR oAM= AY|51HA] Z5HIAAL pH 5.0-8.0, 20-37°CollA] 2 5510 0™ T, fructose,
maltose S A}3} A|Zi T}
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