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8 9 : QMEAE W QA EFA B[St 9dF F B -Glucosidase A w5 GYP-13}
GYP-3-3 4?—% Adrstdct. AEE B -Glucosidase 2§43 ﬁzroﬂ tfste] 16S rRNA OX* } 71447t
Mg AASH At GYP-1 #5= Rhodotorula 25| —‘—O]'UJ] GYP-3-3
o Bracbybactenum Zo)| &5F= Ao=2 %01Q°‘E} £79], Rhoa’otoru]g sp. GYP-1 &= 3714 a1
F 9= biomass JAEFo] ot XF 4 52 AWy Rhodotorula sp. GYP— 17]- AASH= B
—Glucosidase®] 2= 9 pHel o2 &4 &4 9 IS AAS 23, 30 ColA 6.7 unit/ml2 71
E2 E4& UeRSlL, 20 C ~ 40 CollA 84 &4 F 70 % o4& fAotk= Aoz FRIstArt.
pHell w2 §49] &4 2 o1 o] 9, pH 594 6.8 unit/mlC2 7 =2 &S YEIA pH 5~
pH 871#] 93.3 % o|4Fe] a4 TS FAotE A= IIstATt. Rhodororula sp. GYP-17F AAdst=
,8 Glucosidase®= ginsenoside Rbl minor ZA|Alo|E2 BEj5H= Aoz stolwgict E35t <14} ]

A (Botrytis cinerea)oll Holl FFsE 2+ A= ZI= ok

OI

FAJo] » B -Glucosidase, Rhodotorula sp., AAAO|E, A4S, &5

Abstract : Nine microbial strains were isolated from the byproduct of ginseng processing and field
of ginseng cultivation. Two strains among them were confirmed. Phylogenetic analysis of these f
—Glucosidase strains confirmed that strain GYP-1 belongs to the RhAodororula and strain GYP-3-3
belong to genus Brachybacterium. Rhodotorula sp. GYP-1 was finally selected due to its high biomass
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production. The £ ~Glucosidase activity of Rhodotorula sp. GPY-1 was assessed at 30 “C, and Higher
than 70% of the enzyme activity was maintained at the temperature range of 20-40°C. Although the

optimum pH for the highest enzyme activity was pH 5.0, the enzyme was stable throughout the pH
range of 5.0-8.0. In addition, RhAodororula sp. demonstrated antifungal activity against the ginseng

root rot disease caused by Borrytis.

Keywords : antifungal activity, ginsenoside, [ —Glucosidase, Rhodotorula sp., yeast

1. M B

D HRM (Panax ginseong C.A. Meyer)9] 3
o] ZAAtolE o2 B QI4FARE I 9]
ofejazor JURE, W9rls 24, Pk,
7t 7% AE Sol guAdA 11 487t A
S7tE D QUoH1-3], a8y, 4k 1 Atz
o] 4~pdo2 AW <dZfo] BIbse AAe=
daggol %S 2T 7Fedol Eo2].
Aol glolv &7] 5 FAMEC oigt faAdat of
g a0l AR HA JAFAES it TAo]
EolAal olof Wit APt AZEHA M=
ZHosA AMFEANES] o87HA7 AMEA B
7hE]2L QIoH4) QAR L] 8 A kAbo|E
o] S, A W g5go] v Wob AHEA A
AlAtolER2 Heto] QHTH5-6]. A Aol
o] A%E fof ged Aot AgE o8
st glom, FHoe wAE ¥aE ¢ a4 vt
S 42 AETH HMEE S ALY tjAA|
Aatol] Tt A7t o]Foj2) 1 YTHT7-91.

ng=e] FRol ot Alxd HME4sE 2 1
ZAE7} oot HuEA ohergt A A
ol A% mPEEo] Hixo] Ut ZdFQl
Rhizopus japonicus, Curvularia lunatas W53}
o MiF Bacillus sp., Leuconostoc fallax,
Microbacterium  esteraromaticum, — Stenotro—
phomonas sp. 5°| 4] ALZU-E A
= AE HAERA Qi A HESH=s AT
So] B3 FHogtH10-12]. B AFoAE o4t
e 92 QAR Ege=HRE B
—Glucosidase B4 #55 Bt ol #F9)
oleF, Aok, AlFEopd] fHAEeR 8-S =
Hog Az Aty EA 9 ATTd EA4S
4622t shT

2. Mg o oY

2.1. B —Glucosidase MM #F 22|

ulgEo] AAietE B -Glucosidased] &S
el A BAE(E7], g 2 4 E EYF
(36.193271, 127.468021)& AFstct. AH=
Aze 10 g Bt & da9 575 90 mlel
5]43}3 sonicator(SUZUKI Co., Japan)E ©o]&
st 30 W, 2 & 30 £ 39t B4 S
BEAAEE Alge 9 ul o) £o=2 g
A5 79t & R2A nAEjA|o] Fstar 28 C
oA diFstAT EERE dAERR|A T
colonyg 12 Adsitt. ¢4 Ee2¥E 4FE
Esculin agar(Kisan Bio Co., Seoul, Korea)ol Hj
Aol Z¥ZF HFE5k esculing 7HpeEaliste] vz
= TZMo 2 HAATE #5FE B -Glucosidase
A dF2 BASHAH.
2.2, B —Glucosidase 44 #HF2o| ASEM
= 22" B -Clucosidase B4 52| AE
=4S 98 2 EZEYERE 2% genomic
DNAE Fgo= ARgste] 165 rRNA Fztet
ITS #4729 PCR F&S Fdoidrh 165
rRNA #7#2 PCR S&& {8l E coli 16S
rRNA 732+ BEO] conserved sequences 7]
22 %+ universal  primers®]  27F(5'-
AGAGTTTGATCMTGGCTCAG-3")¢%}
1492R(5-ATTACCGCGGCTGCTGG-3")S 9]
£35}9tk. PCR 272 2X  Master Mix
(Biofact, Korea), PCR buffer, 0.2 uM primer
2 3k 16S rRNA PCR 7o) wat 95 C
ol 2 &, 94 CollA 30 %, 54 CollA 40 %,
72 Cold 1 &, 16s rRNA fAHA 2 30

>
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cycle §FEstaL 72 C 5 & Aot PCR &=
< ottt ITS S22 215 universal primers?l
ITS1(5'-TCCGTAGGTGAACCTGCGG-3)%}+
ITS4(5'-TCCTCCGCTTATTGATATGC-3)E
o]gs5t4ct. PCR X7 2X Master Mix
(Biofact, Korea), PCR buffer, 0.2 uM primer
2 o9k ITS PCR 2712 94 CollA] 3 &, 94
TAAM 1 &, 56 CTolA 1 &, 72 CollA 2 &,
ITS $E2 35 cycle ¥HEstaL 72 C 7 & A
sto] PCR 5&& ottt PCR & 4E2 1.2
%2] agarose gel, 0.5X TAE buffer (0.045 M
Tris—borate, 0.001 M EDTA)°lA 100 V, 25
mAZ 30 2 A7]955k PCR purification kit
(Qiagen Inc., Germany)E ©°]&3slo] AAIE &
B7IAE =4S 5ot 249 16S rRNA
GAR F71MEE EzBioCloud (http://www.
ezbiocloud.net/eztaxon)& ©]-&stl ITS |A=};
G714& NCBI (https://www.ncbi.nlm.nih.
gov)= ©o]8sty A4S AMSHL homologys
HlwstATH3], ZF d71AEe CLUSTAL W
program 2 multiple sequence aligment3+ =,
MEGA 5.0[14]& ARgste 22 AlesE 24
Sil=g

2.3. B —Glucosidase?| 4 &M =3
w2 @5 B -Glucosidase &A= =73}
$I8 R2A brothol|Al 28 ColA 3
% 15,000 rpmellAl 10 23t filEesto] 4

He zaLAo=z ARSI 7182 sodium

acetate / acetic acid €% (50 mM, pH 5.0)

o] p—nitrophenyl- 8 —p—glucocyranoside (Sigma

Chemical, USA)9] &7} 5 mMo] 2 &3

A F, 70 o] xa4ad 718 S80S 30 W

A7yste] 37 CeolA 10 E&<t §Hgsttt. 100

w 0.5 M Na,COsy= Fstq whg= FEAAI

T, 450 molA FFEE 75kl pnitrophenol

FLE 4519t 84 S uni)S 1 B9

1 uM®e] p-nitrophenol& AstE G40 Fo

2 AFESIITHIL, 151

of rol N,

2.4, B —Glucosidase?| A8t EN

241 259 @2 B-Glucosidase 4 2 ¢t
A4

2o w2 B -CGlucosidased] S-S ZFAbSH

7] 98 4 C, 10 C, 20 C, 25 C, 30 C, 35

B —Glucosidase 284 &% Rhodotorula sp. GYP-19] 2] @ E4 3
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, 40 C 2|3 50 C7HA] ZHzte] 2mollA uj

HjoFle xasor so] 71A gofo]
Shal 37 CollA 20 27 ¥ &
ZAsIg. o PHLe 1Y &
2z 2atde wjgE 71 o]
47,10 C, 20 C, 25 C, 30 C, 35 C,
T 93 50 CoA 5F A7l & a4 &
gol miskeS gelstaltt
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2.4.2. pH| gt B -Glucosidase 4 2
H84

pHel @2 B -Glucosidase?] B4S ZANSH]
9ol pH 2~pH 9ol HiFe wigHS xas
Hozg st 50 mM citrate—phosphate buffer
(pH 2.0~6.0), 50 mM Tris—HCI buffer (pH
7.0~8.00 2 50 mM glycine-NaOH buffer
(pH 9.0~11.0)¢] pH &5 8o xFAHRE
Y A oA &4 vhg-S S5kl pH
of WE AL MY =2 F4E B pHY
FEH 2492 wigd 718 89 ¥i pH
2~pH 97t2] Z7te] thE pHelA §H AX1 &

2.4.5. TLC (Thin Layer Chromatography)
=4

2H #F7F BASH= B -Glucosidase®] #
AlicAto]= Rbl HeHsE ERlstr] flste] =8
o9 HigRorHE FEH B -GlucosidaseE
A Ato]lE Rbl 1 mM¥ 1:12 &35k 30
TellA 120 A)ZF&t §hSAIF L HheHe 24
AlZF Ao 2 4323t n-BuOHE ©]-85fo] AR
d AES &350 TLC E439d. TLC (60
F254 Silicagel, Merck)&= Alg & 7H4& 1 emZ2
HAsta, A7) 8= BuOH : Ethyl acetate :
DW (5 :5:3 v/i/v 2% 4] 43)E A
&oto] skt AMNE TLCE 5 % FAike
el HAJstal 105 CollA 10 EIF ®x|sto] ¥
A F

2.4.6. A B =4t

AlE B ol wet F4EEs
WA (Colletotrichum acutatum), =
T(Fusarium  oxysporum), I Zo] WAL
(Botrytis cinerea), TA9Y Wdt(Phytophora
infestans) 1831 HutEH WA (Rhizoctonia
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solan)& LR disc plate diffusion method
of oAzt Fxd TS SRIskict 7+ A
SHUAY A#4e PDA (Kisan Bio Co., Seoul,
Korea) 1AA|o] E+= PDA (Kisan Bio Co.,
Seoul, Korea) agarol] 1 ar® =72 #Hat HE
stn B #5FE dAaFetd (25 C, 79) A5
A8t (inhibition zone)®] 75 EIstATHI6].

=}

3. Eat # 1

kI

3.1 B —Glucosidase MM #FF Ea|

olaf BALE Al olit ¥k EoF AJgE R2A 11
A z]of] 24Fstar 28°CellA 39 Bt WFS &
ot wjz] Aol FAH colony 5 HE E2Y 9
T+FE SRSt ols
—Glucosidase 452 AT 23 24571 B
—GlucosidaseE JAst= Aoz A= AtHFig
1.

F

Fig. 1. Isolation of B —Glucosidase—producing
strains.

3.2. B —Glucosidase MM #FFo| ASEM
QM BAtE: 9 Q4 F Eqfox Eeld
—~Glucosidase® AJAsH= 2059 A%
18 16S rRNA 32+ d71Ag3t ITS
4& SRRt Ayt Al 1735, A 1T
A=t Aoz El" GYP-3-3 w59
16S rRNA {8z @7&dE 24 ZAx
Actinobacteriaw,  Actinomycetia’y,

i
fu
s
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bacterales®:,  Dermabacteraceac®t,  Brachy—
bacterium &l &3,  Brachybacterium
paraconglomeratum LMG 19861'¢} 98.7 %,
Brachybacterium conglomeratum NCIB 9859'}
98.55 %, Brachybacterium saurashtrense ]G
06'¢} 98.27 %9 AEAL UErol Brachy-
bacterium sp.2 FE At

Agoz selE GYP-1 @39 ITS 24 2
¥ BasidiomycotaZ},  Microbotryomycetes’d,
Sporidiobolales=;,  Sporidiobolaceac®}, Rhodo-
torula 49\ &3V, Rhodotorula glutinis TFM
553057 99.84 %, Rhodororula babjevae CBS
7808T 99.83 %, Rhodotorula graminis CBS
2826" 99.02 %2] A54S Uehlo] Rhodotorula
sp.= SR

Rhodotorula %9 &dt= F52 7] &<
glycogeng AJ4tsth= 58T AHA7] ¢ B2
¥l A2 9 carotenoid MAE AYdshs 55
gt diAb EAS 7K 2718 BRO|H1T7].
Rhodotorula &2 F7], E%, phyllosphere(%
ER)olA AR, Rt = AFANNE T
A=TH18-19]. Rhodotorula®l dE £& 8
—carotene, torulene 9 torularhodin®] $AJo]
AR =8 ZiRERolE At mlEeltH19].
TRt o 2d 9 BEIe] £2 FEEeR
de] od=ix Qoh20l. I % Rhodotorula
glutinise= A1F AFAolA 55 Fasi, 2RbE
ZoXE A&, carotenoid, A4S A= ©]
Hol gloma Agdxog mj$ Z=Qsitt B &
FoX= Rhodotorula sp. GYP-1 57t A4
Sh= B -Glucosidase 57442 =elstal 0|59 4t
44 Z8= ol 712 EAHEME 4¥starat
GYP-1 #F& a2 A sholrt

3.3. Rhodotorula sp. GYP—129|
B —Glucosidase®| A8t EM

AdrE Rhodotorula sp. GYP-1 w71 A
Ast= B -Glucosidase?] &% @ pHe| w2
B4 24 9 S A 2k &
B8 —Glucosidase &4 A4S =A% A3t 30 C
ol 6.7 unit/mlE 7}F 2o FAL e
a1, 20 T~35 Cof HejellA 4.2~6.7 unit/
o] g4 AL yehen, 50 TolA a4 2
o] ZA] fAadhe AR Yyt X9

B —Glucosidase g4 9] FHA-& ZAlSH]
S 30 CollA widd 284HS 4 T~50 C

do & o B

o
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Vol. 40 No. 5 (2023) B —Glucosidase 4 & Rhodotorula sp. GYP-19] £ 94 E4

GYP-3-3

rium paraconglomeratum LMG 198617 (AJ415377)

Brachybacterium conglomeratum NCIB 98597 (X91030)

\'——————————— Brachybacterium saurashirense JG 067 (EU937750)
Brachybacterium massiliense mta" (FXXB01000003)
66 Brachybacterium timonense Marseille-P43397 (LT962482)

Brachybacterium muris C3H-21T (AJG37574)

Brachybacterium aquaticum KWS-1T (KF701619)
Brachybacterium squillarum M-6-37 (AGBX01000008)

Brachybacterium zhongshanense JBT (EF125186)

M Brachybacterium hainanense NR2T (KJ934258)

Brachybacterium rhamnosum LMG 198487 (AJ415376)
Brachybacterium subflavum CFH 1039567 (MK430563)

Brachybacterium halotolerans subsp. halotolerans MASKAZ-AT (MW344073)
Brachybacterium halotolerans subsp. CBA3105T (MZ424728)
Brachybacterium kimchii CBA3104T (MZ424727)

69 Brachybacterium avium VR2415T (CP022316)
3 Brachybacterium ginsengisoli DCY80T (CP023564)
Brachybacterium vulturis V24127 (CP023563)

Brachybacterium faecium DSM 48107 (CP001643)

Brachybacterium sacelli LMG 203457 (AJ415384)
<|—|: Brachybacterium nesterenfovii CIP 1048137 (FWFG01000034)
Brachybacterium endophyticum M1HQ-2T (MH289757)
Brachybacterium fresconis LMG 203367 (AJ415378)

4'78raohybacferfum alimentarium CNRZ 9257 (X91031)
£l Brachybacterium tyrofermentans CMRZ 9267 (X91657)

—
0.002

96

Fig. 2. Phylogenetic tree showing the location of bacterial strain GYP-3-3 in the
phylum Actinobacteria based on 16S rRNA gene sequence analysis.

71| GPY-1

R

ul

hodotorula glutinis IFM 553057 (LC413754)
Rhodotorula babjevae CBS T808T (AF444542)
Rhodotorula graminis CBS 28267 (AF444505)

a7 Rhodoforula diobovata CBS B08AT (AF444502)

93

31 Rhodotorula kratochvilovae CBS 74367 (AF444520)
100 Rhodotorula araucariae CBS 60317 (AF387781)
Rhodotorula paludigena CBS B566T (KY104890)
Rhodotorula sphaerocarpa CBS 59397 (AF444499)
Rhodotorula taiwanensis CBS 117297 (NR157462)
o 84 Rhodotorula dairenensis CBS 44067 (AF444501)
Rhodotorula mucilaginosa CBS 3167 (AF444541)
Rhodotorula pacifica SY-96T (AB026006)

80 — Rhodotorula himalayensis 3AT (AM410635)
% [ Rhodotorula glacialis A197 (EF151249)
= Rhodotorula psychrophila PB19T (EF151243)

Rhodotorula psychrophenolica AG21T (EF151246)
Rhodotorula svalbardensis MLB-T (JFB05370)

100

Fig. 3. Phylogenetic tree showing the location of yeast strain GYP-1 in the phylum
Actinobacteria based on ITS sequence analysis.
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Fig 4. (A) Effect of temperature on [ —Glucosidase

enzyme according to temperature.
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100
w

C:

Relative activity(%)

e
4°C 10°C 20°C 25°C 30°C 35°C 40°C s0°C

Temperature("C)

activity, (B) Stability of £ —Glucosidase

1m0
w

(B)

[=1

Fig 5. (A) Effect of pH on p-Glucosidase activity, (B) Stability of A —Glucosidase enzyme

according to pH.

=43t 23, GYP-171 AJ4tst
—-Glucosidase= 20 C~40 TCold BA &

70 % o= fAIskE 2oz ZRly
. 21221 50 CollAe a4 g4 F439]
Aoz YepdthFig 4). pHel @2 a4
=24t A3 pH 4~pH 89 HHoA
3.8~6.8 unit/mle] &4 AL YErled, pH
5o|ME 6.8 unit/mle®2 71 =& A4S e
Welar, st pH 9olA= &4 &/do] 1 o|st
2 FA435] fgascte Aoz veyth pHel &
B —Glucosidase &49] SHAlS ZAFS7] £5H
2T 30 C, pH 5 ©f #idd 2a4HS pH 2

oy 3@ oX [

ek B Lo = 1o
45

~pH 97219 &4 A4S ZHoto AHALS
ghelst Axt GYP-17F AASH= B —Glucosidase

L pH 5~pH 8714 933 % olie] a4 B4
& §A5HE Aoz gelx )

I\

3.4. Rhodotorula sp. GYP—12| ZIN|AIO|E
METES 2N

Z8 AAxAel=E ooty A= sHsAel 2

A BAsFo] AX A &3] & 4= ¢

of A o]gEo] Rt BFH HE2e] HA|kA

o= EAro] Hob AEE: Eupio] ko F

2 FAwAOIE Brb we oflZgs Bl
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[21]. 8 FAcAto]=E aglycone Fof whaf
dammarane®} oleanane® Wt} dammarane-
type FALAO]EE  protopanaxadiol(PPD)=}
protopanaxatriol PPT)2  EJEW  ocotillol~
type FAM|LAC]EE oleanolic acid A (St
oA mpAECH22]. A¥"  Rhodotorula sp.
GYP-17} AASH= B —-Glucosidase?] ZA| A}
o|=9] Rbl #gHs2 TLC oz gl 2
3}, Rhodotorula sp. GYP-17} AAst= B
~Glucosidasex= Rbl1& AHE2LS] HA|lcAte]ER
wofohe Zoe®  ERIFgIth 2 AelA
Rhodotorula sp. GYP-1 o+ A Ato| =5
g-goto] A8 FAkeAtolER FEHG of

L Aog sIsle] 25 ABA] AAAfol=

o] 4, A% BAL Fstol, ook, AE, 4
£ 5 ABAe 7154 da= ALE "Aest
okl weEh

UM2 »

- A

UM1 ®

i W e -

STD 120hr 96hr
Fig. 6. TLC profile of conversion of FA|zAto]

T Rbl by Rhodotorula sp. GYP-1.

TLC analysis of time—course
transformation  (STD, standard, UM,
Unknown Minor ZA|:ALO]E),
3.5. Rhodotorula sp. GYP—12| 2| - H3}s}
o Ed
l-1e3) 8 —Glucosidase A an
Rhodotorula sp. GYP-1¢] AJg]-Agshd EA4
o shalsly] 9] APl 20E, S50CHB kit

(bioMerieux)E AF&sto] oF Hg.o]l8%=9 ZA}
sttt Rhodotorula sp. GYP-1 dF=
urea, L-tryptophan(tryptophan
L-tryptophan(indole

L—arginine,
deaminase), production),

D—glucose, L-rhamnose, D—sucrose, amygdalin

B —Glucosidase R84 &% Rhodotorula sp. GYP-19] &g @ E4 7

£ ol8sk= Zer ZHeH, glycerol,
D-arabinose, D-ribose, D—xylose, D—adonitol,
D-galactose, D-glucose, D-fructose, D-
L-sorbose, L-rhamnose, inositol,

D-mannitol, D-sorbitol, arbutin, esculin ferric

mannose,
citrate, salicin, D-saccharose, D-raffinose,
D-lyxose, L-fucose, D-arabitol, potassium
5-ketogluconate ©]-&sto] FE7}t 75t Ao
R L e
Rhodotorula sp. GYP-1 9] th=FaliFe] 7= A
22 98 sVsetele Hekec

3.6. Rhodotorula sp. GYP—-12| &Zlx# EMo
2 Aol AE B -Glucosidase B4 &
Rhodotorula sp. GYP-1& oz A& =Y
g Agtoll diRt FR@5S AASHIH. Disc
plate diffusion method& °©]8sto] A& LA
Agtol WSt Rhodotorula sp. GYP-19] I+
= GRlIek Ay, @AY Wed(Colletotrichum
acutatum), Al E2H WA (Fusarium
oxysporum), AATGo| HAH Bowytis cinerea),
olmt=v W (Rhizoctonia solan)ol el &
Adss 2= Aoz gl E9], Adx
ol WYd(Borrytis cinerea)S A4 A, &
7], @, B 5 Be 2AA He dovle

%, Rhodotorula sp. GYP-1& ©]&3t

oz
k: Fsstelet Abmr.

oz F
A7

4. 2 E

2 AFoAE M Fab A4 E
2XE [ -Glucosidase A #F= EEstL 9]
E9] A5 WSt AF, Brachybacterium sp.
3t Rhodotorula sp. %9l &ote #F2 S
Aot E3|, Rhodotorula sp. GYP-1 #5F= &
71 &% £97 biomass L] =2 EAS
ZHA I Qlo], SedFR AIstt. Rhodo-
torula  sp. GYP-1 57 Aibste
—~Glucosidase 849 2= A W otyAe 3}
Qlgt Ax} 30 ° CollA 6.7 unit/ml2 71 &
B —Glucosidase @48 Uetdiglom, 20 T~40
TolME &4 B4 oF 70 % oL FAsH=
Aog ZRlEdey. TS GYP-1 w57 A4tst
= [ -Glucosidase &4°] pH w2 g4 9 <oF

=
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(B)

Fig 7. (A) Antifungal activity against Colletotrichum acutatum, (B) Antifungal activity against

Rhizoctonia solani, (C) Antifungal activity against Botrytis cinerea, (D) Antifungal

activity against Fusarium oxysporum

S &Rlgt At pH 5914 6.8 unit/mlo2
7P =2 B-Glucosidase 2445 UL,
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