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Inhibitory Effect of Polyporus umbellatus Extract on Melanogenesis
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Objectives : The purpose of this study was to investigate melanogenesis inhibition of ethanol extract of Polyporus (EP) by using
B16F10 melanoma cells. Methods : We measured antioxidant effect of EP by using 1,1-Diphenyl-1-picrylhydrazyl (DPPH) assay
and we confirmed melanin contents and tyrosinase activity of EP in cells. Additionally, the expression of tyrosinase-related
protein-1 (TRP-1) and TRP-2 was observed by Western blot. Results : EP showed significantly high radical scavenging activity and
inhibition of melanogenesis in dose-dependent manner by decreasing cellular tyrosinase activity and melanin content with or
without @-melanin stimulating hormone. TRP-1 and TRP-2 expressions were also suppressed by EP in B16F10 cells. Conclusions :
These results suggest that EP inhibits the melanogenesis and it could be a new organic ingredient for hyper-pigmentation.

Key words : Polyporus, tyrosinase activity, melanin, tyrosinase-related protein-1, tyrosinase-related protein-2, @-melanin
stimulating hormone
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JEFEZARAREE (B3] A= 3RS S3l JRRthEA g d A= SE8TE ofyet AR 3R, v 2 s AP 2%
OfglollA mR= R ERE Poj(ES)skal 73K =L H Sl Al g gA Q. el e ] 714%0] WalA|
LHES How HiEshe AW Qo] S FAlske J9g= I (melanocyte)ollA F/= o] #1]9] ZHEA| 3 (keratinocyte) &
Sict E3h Sl wkSSf| v Fo A= vitamin D ¥4 H 3E o olzHr}. olzet Hehd A4 7S v ERS Yo & 125
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Al712 MITF= d2bd §4 542 tyrosinase, tyrosinase-
related protein-1 (TRP-1) ¥ tyrosinase-related protein-2
(TRP-2)9] 384} HAS S7H17 1= Zoltt. Y& (arbutin)t
T2 Hkojic acid) TS} tyrosinase inhibitorz T]¥ SFEO] A}
|3 QAL FARgo g nRYgyt ZHt 5 o b 2A
2 oA SR AACIA = AlREE o] ARSE]AL Jlo] H4]
o] A1 Zgkg Al A= et hilo] AL Uk

5645 (Polyporusy Polyporus umbellatus Fries (FF4730]H
A3} Polyporaceae)®] F3 0= & TR} Fiprsme)d
o] Fatxjo] /gt A9l B2 HE A Ao al &2
HiA 0 2 FAIsh SRS I A] 201 AJZo] F(P)sto] Fo] gltk
15, S} SASE0 R So)7t H& AASHL (K
B)7F 9] AHo] & U] okar BF AN @ Hdn 45
@S AR E 9 7Pge) 718 B9t Buvt Q.

Ao fFRARCEE ergone7), ergosterol, ergosta perox-
ide®, polyporusterones A~G'?, 3,4-dihydroxybenzaldehyde™'”
ol Busly, EHAEE A, P, FFF Y, 2Edx
gAY, PP, Wl oERE BT 289 9 mubgyd 28
o] B E|Qlt}. E3F Hong 5{(2013) A CZRE 255
ergone?} ergosterol peroxide’t PMETIE Uehfglon !
Cho 52006} HtslolA] &% 3,4-dihydroxybenzaldehyde
L tyrosinase ¢S AT BusIrY. o5 4R A
9] FRAPECEA & AFoie AR olgEFZEE(ethanol
extract of Polyporus, EP)2] @zbd A3 Aefax « dapd
g 4%l TRP-1, TRP-29] 'I&o] m]X|= Gk ERls] Har
Al gt

JELTET
1. 902 & Al22&

2 AolA] Aol A& A (Poplyporusk T2t (Seoul,
Korea)ollAl 79 & 1 kg& AIAsHL A% AT Ala 5%
ofl 10 ¥i9] 95% EtOHE 7Fsto] A2ollA] 72417 Bakslal 11 3=
Z£HZ o7} X|(whatman No. 2)& oj}st3ict. o & AAUs
Z(Eyela, Japna)ote] 537t 52 AXsH 25 1339 g (=&
0.15%)= YA AEes FEHEASIACH 95% EtOHO|| =0
20 m filter (advantec)2 oJa}sto] AHAES AASH T AF0]
ARESEITH
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2. NE4EE =Y

A2 (Seoul, Korea)ollH 22 BIGF10 melanoma
M|3E 5% fetal bovine serum (FBS; Welgene, Korea)7} 271
dulbecco’s modified eagle medium (DMEM: Welgene, Korea)
< AR8s1A] 37°C, 5% CO; incubatorollA] BiFsTt. Al A&
& 242 24 well plated]] 1.5x1071E B8} 24A17F B2
7 H AR oHSFE25S sEEE A2e T 241 sl
o} 0.05% (W/V) thiazolyl blue tetrazolium bromide (MTT;
Sigma, USA)& Yol 3AKRE iR thd A5AS AAskL
dimethyl sulfoxide (DMSO; Junsei, Japan)©ll 5] ELISA reader
(Tecan, Switzerland}E ©l-85t 570 nmollA 8=E 7gst

A

3. DPPH &d4te 2715 &4

A5 Blosisi#e'” o183t 1,1-diphenyl-2-picryl-
hydrazyl (DPPH; Sigma, USAYE ARESo] Sitjz 4745 &2l
ST} 96 well plateo] MeOHell 348t 0.3 mM DPPH -84
180 w13 A& 20 & d7I5t0] A2oA A3 AJEi= 30
B2 A7 517 nmollA S5k PRI R as-
corbic acid (100 «MZE AR&3S}Ch

DPPH B4t 2752100~ (AR R « 100
4. Mushroom tyrosinase assay

96 well plate°]l 160 «19] phosphate buffer (pH 6.8)]l
20 «19] 2% L-dopa®} 10 «19] Al&E s EE A7t & 10 «]
9] mushroom tyrosinase (2,500 U/ml= 237 37 Cof|A] HESA|
21 & 475 nmellA 30ER} AR S8=E S5l

5. M|Z U tyrosinase &4 &4

AEY tyrosinase B4 Matinez-Esparza S209] Hho 2
273193t} 10 em ¥IRE 7107 5x10719] AZE B5si0] 244]
7B A FRRAFTE A RS s8R AP oslal 1A &
a-MSH (10 «My& AHZsto] 48A1ZFERt Bisdtt. Phos-
phate buffered saline (PBSZ 23] M8} lysis buffer (5 mM
EDTA, 0.1 M sodium phosphate buffer (SPB, pH 7.0), triton
X-100, 0.1 M PMSP& HN|ZE -83f5}od 4CollA] 15,000 rpmS
2 15871 94 B2)(Hanil, Korea)ato] A& AZMS: tyrosinase
B 578N 0= AMESISIHE Protein assay X2 & 595 nm
oli FFEE FY & 59 did &S Attt 52¢Y

ST} 0.1 M SPB (pH 6.8)9] F3g°] 150 #I7} Hes 255
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1 0.1% L-dopaE 50 «1¥ EFoto] 2315t & ELISA reader=
475 nme] IO R 302 FFLe] HekE St

6. M= Lf Hatd sk

Wahd g2 Hosei 579) W2 W3] ALESIGTE 10 cm
BHoR8710] 5x107H9] MEE Bsto] 2441 51t M 2E 22
AF AEE sEEE Aokl 147 & «-MSH (10 #M&
Aefoto] 48X 17HE<L HliFslct. PBSE 23] AlHSHaL lysis buffer
(5 mM EDTA, 0.1 M SPB (pH 7.0), triton X-100, 0.1 M PMSPZ
AZE gafieta ¢4 Bejsto] @2 AlxyxEo] EtOHE 715t
o] AlH T AZAH 1% DMSO7F H7FE 1 N NaOH &0
90 CoIA 1A7FsST HahdE 83A171aL, 96 well plate®] 60«1

2 gal 475 nmollA F3EEE SsII:

7. X Pellet Y SEf5HA bzt

10 cm ¥i9k8710] 2.5x10°09] IS AL 244 7H59t Bt
T ARE FEER 22 Sl 1ARE S ¢-MSH (10 #ME A
slo] 72411 ¥i%) SIQIT). PBSE 23] A% Sl AlEE RO} ep-
tube §71 ¥ 15,000 rpmOlA 2081t 4] Eelslo] A5t
AAsI L TR AlEe] Feid TEL 6 cm HiEE7]ol
15x10719] AZE Bs10] R2A71 5 A5 2] 1417t 5]
@-MSH (100 #MZ 2Is19et. 72417F sk & A|3o] =214
E719] #3lE =LA (Leica, Germany)& ol-8310] &

et

8. Western blot

10 cm HiE710] 6x10°742] MIES BF5HL 244] 7F B2
2 F NS s=EE Aol 1Ak F a-MSH (10 M
A2staL 48417 Histo] ARGSIITE HiUE HIEE PBSE Al
& $A51 lysis buffer (RIPA buffer 1 ml, 1 mM PMSF, 1 «g/
ml aprotinin, 1 «g/ml leupeptin, 2 mM DTT)Z 3087t 854
7]a1 15,000 rpmollA 3087t 24 E2loto] 2 F5HE ol
Stk AL bradford A12kS 0]&3l0] A3, FH2
sample buffer (Sigma, USAYE 2315t & H7|9E ottt 5%
non-fat skim milk (Becton, France) T= bovine serum albumin
(Gibco, USA)Z} 71 TBST (0.1% tween-20)2 blocking & 1
2} antibodyE blocking HHof| 3]445}0] 4°Cof|A overnight St
St 2% antibody+= anti-rabbit IgG, anti-mouse, anti-goatE
1:50009] HI&Z 3|4sto] HRGAIZ] ok TBSTR Al&skal ECL
(Millipore, USA) &0 2 ¥ & chemiDoc (Bio-Rad, USA)&
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9. 84122

B A19] A3 AFR= sigmaplot 10.0 (San Jose, CA, USANS
0]-851 student’s #tests O8] pvalueE 79101, p<
0.05% A% * O /I8, p<0.01%] A% ** (N2 H715}0]
Fold=s UEiSIch. B A2 33] o} RO Bk
Foto] B+ REHAE BAISHACE

2 1

1. ZEH

A QG 252 Ao] thit FAolA tlEEEejolo] 2
A FA9F MIT tetrazoliume] ¥r-&sPd MTT formazan©] E4
5|1 o]2 thA| DMSOR AZ=5pA]7]% Hepi o LeR s u|AY
HoR Zslolct A oleFERe SrEs Aot 244
7 Zol| Brislgict. AT} AR 25, 50, 100 1g/mlo] B0]
A TR 94.1%, 88%, 77.8%F AT, 55 A%
S04 AlsIGiCKEg. 1).
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Fig. 1. Effect of ethanol extract of Polyporus on B16F10 cell viability.
Cells were plated 1.5x10% cells/well and treated with various
concentrations of EP for 24 h. and measured cell viability by MTT
assay. Results represent the mean=S.D. of three independent
experiments performed. *p<0.05, **p<0.01 compared to the
untreated group.
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E4E0| DPPH #ojZS 47%0] &rh1l HiEo] A7 ofjehe
F259] A2 DPPHE o84 &5t} 482 A=
25, 50, 100 «g/ml B=ONA 71.6%, 91.2%2} 90.4%2] =2 AL
352 E3ltkFig. 2).

3. Mushroom tyrosinase &40f| 0||= Hgk
Mushroom tyrosinaset= HA510] AB&E/HE4 Q102 HE
Hosh] Sl Webds A/dsk=t] olE olgsto] dehd A=
S5k= W F SPE AP oekEF2EE°] mushroom ty-
rosinase®] B/ t|X|= FFS TSI tixtoll B3f ty-
rosinase inhibitor & 321 kojic acid= 38.2% 74agt HFHO|

AEL = HE 96.5%, 133.3% =7151itHFig. 3). A det

125

L
™ T

H i

25

DPPH scavenging activity (%)

0 I | | | |
0 25 50 100 AA 100 pM

Concentration of EP (pg/mé)

Fig. 2. DPPH radical scavenging activity of ethanol extract of Polyporus.
Various concentration of EP or ascorbic acid (100 «M) was in-
cubated with the 0.3 mM DPPH solution. 100 #M ascorbic acid
was used as a positive control. The results represent the mean+
S.D. of three independent experiments. *0<0.05, **0<0.01 com-
pared to the untreated group.
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Fig. 3. Effects of ethanol extract of Polyporus on mushroom tyrosinase.
Various concentration of EP or kojic acid (25 mM) was incubated
with the same units of mushroom tyrosinase and measured at
475 nm. 25 mM kojic acid was used as a positive control. The
results represent the mean+S.D. of three independent experi—
ments performed. *p<0.05, **p<0.01 compared to the untreated
group.
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YA A tyrosinases BEHeE Qo] £A617] W] mush-
room tyrosinase®] 23} Wahda 2o A dahd gHAdo] vjxj=
Fgo] o 7Fs/gde] AUk

4, MIZE LY tyrosinase gdat Hattl M4/dof| 0j2|= Fgk
A ofeke3250] A Y tyrosinase T4l WA Jgke
Blsl7] 98] 2222 HTHE 48A17F 251 tyrosinase T
g @ W $o] mjAe geke Woletgth ARET AR
25, 50, 100 #g/ml SEoA B5F tiZRaH Tt 18.5%, 22%, 20%
= tyrosinase 8/3°] TAE A FRISIATHFig. 4A). A= W
by $HFF ESt tyrosinase EAJo] A4S Adt HUSH Ak
2 AR9] 57t EoldE Wepdeo] 7401itkFig. 4A). @
TN L 243 E712 7T glom HWahieo] g4EH of
E712 B9 30~40719] 2R olEriy dHAUT?.
AglolA A ofske3EE A2 A Azo] ety wsls
A5t Az, fzge] MEs 277t &3 5719 St Et
) AR(100 «g/mlTolAE Aze] Zol7t Zrleta A4t
E77t A BAFS B & 5 IckFg. 4B, O).
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Fig. 4. The inhibitory effect on melanogenesis of ethanol extract
of Polyporus.

(A) Cells were seeded at 5x10* and incubated with various
concentration of EP for 48 h. Tyrosinase activity and melanin
contents were evaluated as described in materials and methods.
For morphological changes of the cell, 1.5x10% of cells were
seeded and Increased number of dendrites in (B) untreated group
(0 «g/ml) was significantly decreased with (C) EP (100 «g/ml)
treatment. Results represent the mean=S.D. of three independ-
ent experiments gerformed. *p<0.05, **p<0.01 compared to the
untreated group. *p<0.05, #p<0.01 compared to @ -MSH treated
group.
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Fig. 5. The inhibitory effect on @ -melanocyte stimulating hormone
(@ -MSH) induced melanogenesis of ethanol extract of Polyporus.
(A) Cells were seeded at 5x10* and incubated with various
concentration of EP and @ -MSH (10 «M) for 48 h. Tyrosinase
activity and melanin contents were evaluated as described in
materials and methods. 1.5x10" of cells were seeded and incu-
bated with EP (100 «g/ml) and @ -MSH (100 M) for 72 h. and
morphological changes were observed. (B) untreated group (0 «g/
ml) (C) @-MSH (100 ~M) (D) EP (100 sg/ml) and @-MSH (100 M)
(E) after EP (50, 100 1 g/ml) treatment, @ -MSH (100 «M) was
treated for 72 h and cells were moved to ep-tube. Results
represent the mean+S.D. of three independent experiments per-
formed. *p<0.05, *p<0.01 compared to the untreated group.
#5<0.05, #p<0.01 compared to @-MSH treated group.

5. @-MSHZ ZZI%l tyrosinase &4} HaztLl AiMof|

A2 210%% HRTH100%ETt oF 24 F7l6tgom, Als
50, 100 «g/ml HElZollA 22t 161%, 133%2 453 cHFig.
5A). ¥ Al W Hepd SR @ -MSH (10 # M) H]tol|A]
400%= HEH 1000920 <F 48 F7F61 oM, A& 50, 100 g/
ml Z2ollA 242 223%, 124%% A4S THFig. 5A). whehA
Al W Al SRS tyrosinase B4 Aot SARE Aoz
ZHA5t9iT). E A|l20] Festa vl At @ -MSH (100 #M)
2 AA] th<tol| vlsf) 35717t S om, A1R(100 «g/
mhell s 43E719] 471 AA5] AAEAKFig. 5B, C, D).
B3 ¢-MSHZ 371 dehdo] AR3EEE 50, 100 1 g/mlol
ol Z4gke |okz o7 WA tHFig. 5.
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Fig. 6. Inhibitory effect of ethanol extract of Polyporus on TRP-1
and TRP-2 protein expression.

(A) Cells were treated with various concentration of EP and a -
MSH (10 «M) for 48 h. and protein expression levels were evalu-
ated by Western blotting. (B) bar graphs show densitometric
evaluation of TRP-1 and TRP-2.

el ARE FEEE AL @ -MSHE A2Jato] Western
blotg A1Fict. A% A3} TRP-13} TRP-2 £do] ZAsi= A&
Rl & 4 QUSITHFig. 6A, B). mEtA A oeeFEEe
TRP-13} TRP-29] 'L&-S FAAAFIC R tyrosinase B/97 et
d 34 AT Aoz gRiHh

#

HAPRE Uolg BRI 5] & S 9l 40 Hh
A WAE 4 7KL Qo] 2710 Asrk Basht 2
A7 Fao] wpgl 23] vl Aol A shEt A8 st
ol AphA|e] o] Eo o] T2, AR 7IKte] s}
o & B 37} F7RchE A7l oz} nlgAl:
spet B RHe AR PASHA A8 4 e e
el AL et

A HAARR F, 9 QoA QERt ARgEo]

2 Aol AH9] fE/4ECE dHX ergoned} polyporu-
sterone A-G= protein kinase B (AKT)E 513 4&slo] {415

ko] MlmAPES Z75k1%), polyporusterone A9 B HHEo]
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A2 223t0] BHEQEE. Park S(2003) in vivoRE TRSA
ol A7 FrFEES Folote] FHRES SIS W, AF
FZ250] 2HZ0]=A|Ql oxymetholone S0t} H|S:=3t 3]
2 aug verdeh?. E3 Ha 520012 A% &80 A
DA 71%2] A3l Bds HAAT 4 dutollx=
90% oV T2 B2 BRISHGTHY. o]9} o] APt 4
O] thefRt FaAdwEol ek oJgt 2jof vl A= o]FoH=
t, ergone BIGF10 AIZEAIA @ -MSH Fofofl Hlsf dahd
M-S 98% AAIBIAAL, ergosterol perioxide™ tyrosinase2)
mRNA s depd A4E oAt Ee A5o] fax
£ % 349l 3,4-dihydroxybenzaldehydex 0.01% 5xollA]
kojic acid=t} F 98Y, arbutin=c} 2F 1508129 <3t o4 a3}
= SRISIHTHY. @A Aol et thgst A7t HT U
F a/die] debd A oAl et BarEglony, &g oy
H[ A= o2 FRIE]R] kot
5 A0 P ARl keEH AN B/dikaFol
HotstA A=, ol2 QIR 4lsha] AEFA0A Z|Qlj =
A7t Yot A ofhe 2B FAsks-S TS 23} AY
50 rg/ml oA 91.2%9] =2 FrtelsS HAH. Ok Park
5(003)8] A E4FEE0] 100 ¢ g/misEollA superoxide
radicalS 78.1% AATH? 915 Anjolct. w3 A vlgke
FZ2E2 HA rHE 4EA caffeic acid, quercetin, &
catechin® T+ H0,0] AEEA] el 25 a7 verdet”.
A AGo] 2 ilee vl8AAEE A 7RsAde] 2
TRl Abe et

roh

o /\‘] ] X]FSX—]E 31]—01‘8]—.‘:_ arz A A
el S8 g2 At A7 AJEFE=0] tyrosinase 24
of njAl= JFS T_iaL?l' A7} tyrosinase S FHH 0 R A
Al 1 a¥k= & S
TYTOSiHaSG %“é% 7§J—]’ o= depdg Adstu s dehd o
02 AAEA 2 A F3H 11394 ”]H“;J_’Jr
£ sehe o= wlwshal WebdA| 2] 7] HekE &Rl & 4= 9l
e}, a-MSH= Aejidolut 279 sleka] A=) «]BH Fre=H
Eold G T A8AQ] melanocortin-1 receptor (MCIR)
7} Zekslo] cAMP/PKA BEE B/ ]71=H], Xiaoﬂ‘:)fizz
] a-MSH= depdo] £ Aol A tyrosine Eahd A
HHEIA|7]= TRP-13 TRP-2 T Wdo] s HE 74t
9—4’ AT WA A olek2SEE2] w2 Akt Al
W tyrosinase®] &4 2 dAehd /o] JAE S W
2302t oA = B-87Rsdo] B Aol AT % 37t

Jimt

=

’“i“

_IZ“: =] rulo
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