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Abstract

The anti-inflammatory effects of cell-free extracts from wild yeasts, Meyerozyma guilliermondii
YJ34-2 and Rhodotorula graminis YJ36-1, caused by the inhibition of nitric oxide (NO) activity
and cytotoxic effects were determined. Cell-free extracts from these two yeast strains had
dose-dependent inhibitory effects on the production of lipopolysaccharide-induced NO and
there were no cytotoxic effects on the treated cells or negative effects on their proliferation.
Their cell-free extracts were also shown to have inhibitory effects on pro-inflammatory cytokines,
such as tumor necrosis factor (TNF)-a and prostaglandin-E,, in a dose-dependent manner.
Maximal inhibitory activity on NO production occurred in cell-free extracts of Meyerozyma
guilliermondii YJ34-2 cultivated at 30°C for 24 hr and Rhodotorula graminis YJ36-1 cultivated
at 25°C for 24 hr in the yeast extract-peptone-dextrose (YPD) media.

Keywords: Anti-inflammatory effects, Lipopolysaccharide-induced nitric oxide, RAW 264.7
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Lipopolysaccharide2 R5=5t RAW 264.7 MIZL0|| CHSt Meyerozyma guilliermondliY)34-22+ Rhodotorula graminis Y)36-12| SHHEH 1t Nitric Oxide 444 Z{sHES 22| A4t

A 22 E&golu A/ BEAIS] Y 5 of 7l 71HA] dlof] ot A =HE IAE 1
ofsh= A5 HES Fofl= interferon-y 2} interlukin-1 8 5-2] cytokine™} nitric oxide (NO),
prostaglandin E>'5= AAdsH] HcH1-4].

0|5 7}H] NOZH Aol o] S =H f32te] EH Mool 22 0] &4 9l KLg: 59
HF BHe-= B 712 E5 uiziA ] RS SXlofl efgt A AHSHE feoto] Aol
2 98 E Sl 5). 182 & 95 a2 2 &2lF interferon-+, tumor necrosis factor-
interleukinl- 8 % interlukin-62} Z-2 cytokine 2] W A2} NOL} prostaglandin E, 2] A
A AR A= E SHcte] FHANE A5 o TS, 6].

QHH, G H= X AZE 7H 115 v o WA, BE AJSat vl w A Thaett oI oF @14
T EAo] lof 4t A o = w9 f-85to] Q2 MRE| Ho] o] §Lo] e M Qv HT B R
2HE ookt 1% aAlE0] A, A=A Qle7-16). J1eu, aRel 22 HRol X
n =] HAL o 21 A B4 0] 51 o5l Aol wste] 2 Ho] Harxal §l
O1H17-22], ©FR7FA] generally recognized as safe (GRAS) &2 HE FHF 4 A
o] Tt A= mlEote] Wap 5ol oY AR E F HH A AN HES FEEol ¢
55 a5 Adsto] o] 59] £ HstGlS Holti{23].

wEbA] 2 AolAs AE[23]014 R 5 anE AUt M guilliermondii
YJ34-22}R. graminis YJ36-12] FAIE 253 A|Z51 ]9 lipopolysaccharide =
T RAW 264.7 AlAZoA2] FFA4 NO A AaligAdat Ala2=A4] 9 cytokines$! tumor
necrosis factor (TNF)- @ 2} prostaglandin E, A8/30]| v|x]= JF 5= S4SI0L F a5

oI NO 434 AEA AT 2718 ZASHICE

A2 Y

50 9 43 A=
Ao ARSI = HH[23]04 FAED it 4= a2 A9t M guilliermondii
YJ34-28 R, graminis Y136-15-2 AH86F T Al ZZH%Fofl+= Dulbecco’s Modified Eagle’s
Medium (DMEM; HyClone, South Logan, UT, USA), Fetal Bovine Serum (FBS; Sigma-
Aldrich, St. Louis, MO, USA), streptomycin/penicillin, phosphate buffered saline (PBS) 5
2 At

NO A MTT assay©ll:=LPS (lipopolysaccharide) (E. coli BO111:B4; Sigma-Aldrich),
Griess reagent (A A2 2.5% 141 sulfanilamine & 854171 &, B A]9F22.5% Ql4to]]
0.1% N-1-napthylethlenediamine S -8l A7 &), 3- (4,5-dimethylthazol-2-y1)-2,5-teterazolium
bromide (MTT; Sigma-Aldrich) 5-& A8} prostaglandin E,2} ELISA (Tecan, San
Jose, CA, USA) S-8 AHG511.00], 7]e} AloFS-& 248 E5-3 AHslsit,

52 Ui Y ST 28242
M. guilliermondii YJ34-22} R. graminis YJ36-155 Z}Z} yeast extract-peptone-dextrose
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(YPD) Biz]of] Z4&5ted 30°Cof|A] 24417 vt & @ 4+-2](12,000 rpm, 20 min, 4°C)5}t
o] cell pelletsS DAt} THA] Tris-HCI buffer (100 mM, pH 8.3)2 3 2] A1 - bead = ©]
Boto] A 2E whafiet ohs A Eefet S-S Hot s aixsto] FAZ =523 A
z3pck

M|ZHHQF

THAAIEE ARl RAW 264.7 M-S RE=A| F-2-800f| 4] 24F ot A9lof ARgSHH.
10% Fetal Bovine Serum™} 1% penicillin/streptomycin®] 2 Dulbecco’s Modified
Eagle 8 z]of| M| 225 FE5t] 37°COA| CO, incubator= % SFATE 80~90% H: =
Az=o] L5132 m Al sHlH 1, 2].

MTT assay
AN EZE=ZES FR1I5H7] ol thaat o] MTT assay & AAISFATH24]. RAW 264.7 cell©]
1 x 10° cells/mL7} === 48-well plate©]] 100 pL¥ E6k1l G4 AL 28-S 247}
100, 250, 500, 750, 1,000 pg/mLE 30 uLA B3t % 37°CoflA] CO, incubator 2 24A|7F
Bl L=

o]= M| AL BB phenol red”} §+= Dulbecco’s Modified Eagle BiFe © 2 wA| & 7}
Z}o] wello]] QAFFEEH(pH 7.4)0] 1.5 mg/mLE &3IAIZI MTT 242 15 uLA A5}
1137°ColA] CO; incubator = 4417t HiFSte] MTTE SHAAIZIT: HiFl& L4 Eefsto]
AFS RS A A s ZF wellel 300 pL 2] dimethylsulfoxide (DMSO)E 37}t formazan
A4S -85lA171 T microplate reader (BioTek Instruments, Winooski, VT, USA)Z 595 nm
oA S FEE SH5IATH2, 6]. AE AYEE2 A= FA ko] Sgof tiet wi-g= 1t
B QI

A3 AZ-E(%) = [(C—T)/C] x 100
(T, AZE7FE] Asos; C, FAHE]T2] Asos)

Nitric oxide 44 2foljetd =4

ZH[23]2F Zo] RAW 264.7 A|ZEof| A A== S92 4RI NO oS- Griess A oFS o]-&
sto] oISt HA RAW 264.7 MIZEE 1 x 10° cells/mLE 48-well plate®]] 150 pLE £
SRl 2417 Fof] R A E FEE-2100, 250, 500, 750, 1,000 mg/mL2 30 uLA, LPS
£ 1 mg/mLZE 30 uLA £33 5 37°Cof|A] CO, incubator 2 24A|7FHFSFSATE ZHISHA|
Z1 RAW 264.7 A|ZH]FH 100 pLE 96-well plate©]] %4 Griess A12F 100 pLo} E35}5}0]
Ao A 1027HEES- A]Z] 3 microplate reader 2 540 nmollA] S35 S0t NO o=
= NaNO, 9| B4l ol-8sto] 4513t Eot ofefiet o] NO A4 Aale-S At 5t

rt.

NO A4 &%) = [(C—T)/C] x 100
(T, MEH7FFE] Asao; C, FH7H2] Asao)
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Lipopolysaccharide2 R5=5t RAW 264.7 MIZL0|| CHSt Meyerozyma guilliermondliY)34-22+ Rhodotorula graminis Y)36-12| SHHEH 1t Nitric Oxide 444 Z{sHES 22| A4t

TNF-o ‘442 24
SISl RAW 264.7 Al Zof| A A== G54 cytokine S TNF- @ S ELISA kit -85}
of okt o] Z7g5Helk

RAW 264.7 A|EE 1 x 10° cells/mLE 48-well plate®]] 55111 2417k $of| G0t LA
Z%5-5100, 250, 500, 750, 1,000 mg/mLE, LPS+= 1 mg/mLE 212} 715t 3 37°Cof|A]
CO, incubator = 24A|7FHIFSIRATE. THA], A ZE8HQF 4S8 100 pLE 96-well plate®] 21!
Z} well BTt capture antibody S 100 LA 3471 th2- 4°COf|A] 12A17F HHA]3F & washing
buffer (0.05%, Tween 20) =2 A 253t

of7]of| Reagent diluent (1%, BSA) 200 pL-E E37 37°COf|A] incubator= 1 A|7FERSA]Z]
T AAS R A 2ot BFEENS 712 100 pl Bl 37°COllA] incubator 2 2A]7HHES- A
T A P AlHsEsIch oHA, Streptavidin-HRPE 100 pL ¥l Al&et & 71491
3,3',5,5'"-tetramethylbenzidine (TMB)Z- 100 pL 7F5}al 37°CollA] 405 WHSAIZ
solution 50 uLE {0l ¥F8-& TAAIZ] & F3-247] 2 450 nmof|A] S35 S0kt

Prostaglandin E, ‘442 =4
LPS FASHAIZI RAW 26470141 SR COX-2] 2-§o] ]2 prostaglandin E>2] 4
XIS ELISA kit o]-§5}0] 4519k,

RAW 264.7 M2 1 x 10° cells/mL 2 48-well plate]] 2575131 2A17HHI|AIZ] & G =
A &5 100, 250, 500, 750, 1,000 mg/mLA), LPS= 1 mg/mLA 212+ 3715 &
37°ColA] CO, incubator® 24417 5<F HleFE Thg: AlZHioF 459 150 uLE Fsiol
prostaglandin E, 2] AAJ3RS =513t

—

Zopy o

]

HE[17)914] FEEA = o2 ANE M. guilliermondii YI34-22t R. graminis YJ36-1
9] FAIEL FEE-S 100, 250, 500, 750, 1,000 mg/mL=E LPSol 2|5 E45} Tl RAW
264.7 A1 Zo]| A 2|HE v AYAEE=NO FEFe =47 A= Fig, 149} 2t

HZ, M. guilliermondii Y134-2 FA L FE5-2 100 mg/mL2} 250 mg/mL 715342
Z}¥7} 435 (+ 0.9) pM}42.5 (£ 0.6) uM 2] NOS AAIsto] B4 2] T zF-H o} o7t 7445}
9117 750 mg/mL 1,000 mg/mL A ZA] 36 (+ 0.3) pMT}F21.9 (£ 1.9) uME NOZ 4345
of i tjH] NO /o] 5 &4 0 = iasto] a5 St Herh

T3 R. graminis YI36-12 M. guilliermondii Y134-22} SAKRH Aol o), BAL 5=
ZE-2 750 mg/mL¥} 1,000 mg/mL A& A] 272 15.7 (£ 0.7) pMIF11.5 (= 0.5) uME A4
St M. guilliermondii Y134-22] FA| L FE2EH o} thZ2+L tiH] NO AJAd=ke] o 27| 44
sto ¥ 87t o -sk3ick

{HH R. graminis YI36-12} M. guilliermondii Y134-22] M| Z=/3-8 2R15}7] $l5te] o]
=9 FAEZ FEES°] mouse] AAHIILRAW 264.7 cell)ol| B]A]= G MTT assay
WS o] g3lo] =41thFig. 2). M. guilliermondii YJ34-2 FAE FEEE5-S 100,

-
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Fig. 1. Effect of concentration (Conc.) of cell-free extracts from Meyerozyma guilliermondii YJ34-2 (|l and Rhodotorula
graminis YJ36-1 (| |) on the production of nitric oxide (A); Tumor necrosis factor-« (B); prostaglandin E, (C).

100 4 ™ —

80 1

60 4

Cell viability (%)

40 4

20 4

o - | L1 -

Cc 0.1 0.25 0.5 0.75 1
Conc. of cell-free extract (mg/mL)

Fig. 2. Cell viability of the 1st screened Meyerozyma guilliermondii YI34-2 (D) and
Rhodotorula graminis YJ36-1 ([____]). Conc., concentration.

250, 500, 750, 1,000 mg/mLE A 2|52 o] ZHz2+o] Al Z AFZE-294.1 (+3.2), 92.7 (+2.5),
91.2 (£ 1.9),90.5 (£ 2.5), 88.4 (+ 3.)%E Ho| FA|L FEE9] 517t 5715 A2 A

-£0| stk
‘Io} R. graminis YJ36-1% % % 5_4%7‘7‘984&01) 91.1 (+0.7), 85.6 (£ 1.2),
82.8 (£ 0.4), 77.1 (x 0.3)%2] NZRZES Ho] ZAEL 2EE0| 5L/} ZV1erE AE

o) AstArt

TNF-o 4440j| 0|2 |= Fgt

T aREo] BAAE 2EFo] LPSOl| oo @493k RAW 264.7 AlZEo| A A== B354
cytokineQ! TNF- o AAJ=Fo] 0jx]= J‘a ZAFRE A7M=Fig. 1B} ATt

RAW 264.7 HZ2] LPS 42| tZ-2 98 (+ 24.1) pg/mL2] TNF- a 7} A= L
LPS A2] thxa-2 2,245 (+ 31.8) pg/mLO] MAEIJY. M. guilliermondii Y134-22] T4
I 225100, 250, 500, 750, 1,000 mg/mLE 2|3t A} 77} 1,849 (+ 38.5), 1,770 (+
64.5), 1,281 ( 70.1), 1,139 (& 57.4), 916 (+ 43.1) pg/mL <] TNF- o 7} 234 =]o] LPS ]
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Lipopolysaccharide2 R5=5t RAW 264.7 MIZL0|| CHSt Meyerozyma guilliermondliY)34-22+ Rhodotorula graminis Y)36-12| SHHEH 1t Nitric Oxide 444 Z{sHES 22| A4t

thzto]| Hlsl 5 O]FA © 2 TNF- o BATe] 245ttt
E3Y R graminis YJ36-1 GA] TAIL Z2EE2-2-100, 250, 500, 750, 1,000 mg/mL 2] 355
2 A5t At 247} 1,609 (+ 48.5), 1,187 ( 39.2), 1,118 (+ 54.8), 845 (= 57.1), 559 (=
38.1) pg/mL2] TNF- a 7} RSN 2H M. guilliermondii YI34-22} U517 5= 2&]
© =2 TNF- a AY/deFo] HA-st3ir.
Qo Zo| F 3 FAIE 2EE50] 5k oFX 02 TNF-a A4S A5t

S Hog
Hol o]E ERE0| FPBLS I USS

rr

Prostaglandin E, A440]| 0|2 }= Hgk
M. guilliermondii YJ34-22} R. graminis YJ36-12] 74|22 S=5=5°| LPS] 2Jof 2/Jat%
RAW 264.7 A|2Zof| 4] Cyclooxygenase-2°1] 2J5ll A/d%]+= prostaglandin E,©] A8/d] =]
© Y= ELISA kitE o1-85t] 54t BYH= Fig. 1C9F 2t

RAW 264.7 A|Z2] LPS T4 7] 22 15 (+ 2.1) pg/mL2] prostaglandin E,7F 44 =]
31 LPS A 2] tiZ-2207 (+ 1.3) pg/mLO] ABAAEI AT M. guilliermondii YI34-2 A3
FEEES 100, 250, 500, 750, 1,000 mg/mL2 A2t Ax} 27} 158.8 (+ 3.2), 137.7 (=
4.4), 114.0 (+ 3.6), 86.8 (+ 4.2), 75.7 (+ 3.7) pg/mL 2] prostaglandin E,7} A4 =] o] T 2t
of Blal o] e o2 0 & A5t

R. graminis YJ36-1 GA] FAE FEE-23-100, 250, 500, 750, 1,000 mg/mL= 2|3t 2
T} 27} 142.8 (£ 3.4), 118.4 (= 2.9), 94.5 (& 2.4), 89.0 (+ 3.7), 58.9 ( 1.9) pg/mL]
prostaglandin E,7}F 3= M. guilliermondii Y134-22t Lo 5 o2 0 2 745}
At

et go] F a1 FA| X FE2E50] 5 954 0= prostaglandin E, 242 Aolisk=

A0 Hot ol T A mEe] JPB UL AT 9SS Astel & 4 et

Nitric oxide 44 Z{oltZ22!2| 2| 444t R
A, M guilliermondii YJ34-22} R. graminis Y136-12] H 2] 9] Z5 o] w2 NO YA #]5]
S A A M. guilliermondii Y134-2+= YPD HlZ|@} yeast extract-malt extract
(YM) vl z]ef|A] vieFato] -2 FA)| 3L =EE-59] potato starch-dextrose (PD) H 2|l 4] 1l
Ut BN FEEH T} 0F 4% =2 S HATL R graminis YI36-1-=YPD v Z|2}
PD H|Z]of|A] BjIRY FAE FE-E-50] YM HIR|E T} ©F 3.5% -2 Ao 2/d-= X iti(data
not shown).

T a5 YPD HiR]of E5o] 15~40°C7HA] ZF2Fe] 2ol A 24417 Bl 7 o] 5
FAIE 35552 NO A4 Aslid d& 5787t A3k Fig. 33 Atk

M. guilliermondii YJ34-2-5 30°COJ| 4] 24 A|17H BiF & A& AL FE-50] ©F51%2] £
T NO 37 Aslfg & B3 40°C v FAIE F=E2ME 10% F =] Asfg S &
o] vl A GAgo] At Ao g FAE| LY. T3k R graminis YI36-1=25°C W & L2
A F5E0] °F 81%2] 2|31 NO A/ Ao d-& B3l 20°C v FAIZ FEE0lA
I OF57% AL Aoid/d= H Ak 12430°C o1da}20°C ofstollx= A50] 55 A
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Z5to] Ao go] gAY ul-¢- mlekstgih

gHH, ol& F A RS2 NO A4 Asfiell mlx]= silgAIREY] F3ks AESH | f15te] M
guilliermondii YJ34-22} R. graminis YJ36-15-2 YPD vl #]of| JE5}o] 242} 30°C2}25°C
of| A 48 A1ZI7EA] Z2Y vt F ol & FAIE FEESC NO A4 Asig/d& S4stairt
(Fig. 4). M. guilliermondii YJ34-22} R. graminis YJ36-1 55 viQFA|7 o] Hutslef w2t
NO A/ Asifgdo] Z7ksto] 24 A7 vl & -2 FAE =5-20] Z82F51.6 (+ 0.3)%2F
81.4 (+ 1.3)%2] 7H =2 NO A4 Aoiid/d-& Kl o]Fofl= tha Wolxirh

100

80 A

60

40 A

20 1
0 . . .
30 35 40 45

15 20 25
Culture temp. °C)

NO inhibitory activity (%)

Fig. 3. Effect of cultural temperature (temp.) of Meyerozyma guilliermondii YI34-2 (D
and Rhodotorula graminis YJ36-1 ([ |) on the inhibitory activity of nitric oxide (NO)
production. Rhodotonula graminis YJ36-1 was not grown over 25°C.
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80 4 ™
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z.
20 4
0 : : :
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Fig. 4. Effect of cultural time of Meyerozyma guilliermondii YJ34-2 (|} and Rhodotorula
graminis YJ36-1 ([ |) on the inhibitory activity of nitric oxide (NO) production.
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S ZAFFATE NO A Al g2 5 92 0 & =0} M. guilliermondii Y134-22F R.
graminis YJ36-1 FAIZZ FEE-S 1,000 mg/mL 2] Al ZF2} 51.6%2} 81.4%E Ho 71
=931 RAW 264.7 Al thigh A3 AEE5 1,000 mg/mL #2|A] 242} 88.4% (+ 3.1)2}
77.1% (+ 0.3)2 7P =3t F AR50 FAZ 5= A 2]o W2 prostaglandin E, A3/
T2 Tk o)EA 07 Fasto] ZF7E0] BAIE 555 1,000 mg/mL A 23S o, tumor
necrosis factor (TNF)-a 2430l 592 (x 43.1), 73.2 (= 38.1)%= #HASIAAL
prostaglandin E, 2] AT 52.8 (+ 1.9), 71.2 (+ 3.7)% = Z4s10] o] & G52 gt
A& AT 4 Stk F 2EE9 NO A Aoiad 24 Aitxds AR 23t M
guilliermondii Y134-2-5 yeast extract-peptone-dextrose (YPD) HiZ]|o]| 51 30°Cof|A]
24417 BjeFst] A2 FAE FEE0] 7MY =2 51.6 (£ 0.3)%2 NO A Ashe= A
31 R graminis YJ36-15 YPD Hlz|o]] FEato] 25°Cof|A] 24A17F ajofot S of 81.4 (+
1.3)%2] 7Fg =2 NO A4 Asiigd=S Bt
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