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ABSTRACT

Background : The white jelly mushroom (Tremella fuciformis), one of the most popular edible fungi, has medicinal properties.
However, the effects of 7. fuciformis in skin whitening or anti-wrinkle efficacy has not been defined to date. The aim of the present
study was to investigate the effects of 7. fuciformis extracts on whitening and anti-wrinkle efficacy in skin cells.

Methods and Results : We prepared T fuciformis extracts with water. The extracts (80°C) contained 12.11 mg/g polyphenol and
8.54 mg/g flavonoid concentration. 7. fuciformis extracts markedly decreased melanin contents and tyrosinase activity in o-MSH-
stimulated melanocytes (B16F10 cells). In addition, the mRNA expression of melanin formation factors, such as microphthalmia-
associated transcription factor (MITF), tyrosinase-related protein-1 (TRP-1) and tyrosinase-related protein-2 (TRP-2) were signifi-
cantly down-regulated in o-MSH-stimulated melanocyte. Furthermore, 7. fuciformis extracts increased the synthesis of type I pro-
collagen and reduced mRNA expression of matrix metalloproteinase 1 (MMP-1) in the human dermal fibroblast (HDFn cells).
These data indicated that 7. ficiformis extracts induce repression of cellular melanogenesis and protect against wrinkles caused by
UVB-stimulated damage.

Conclusions : Thus T ficiformis extracts could be a cosmetic candidate for skin whitening and anti-wrinkle effects.
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M o 9 Pgsl=e] ot we8lE v, vEYH F
g 4 Jdur d#A A (Chen and Cai,

YEolWA  (Tremella fuciformis)S 1 BFAT7  (Hetero- 2008). &0l L] AT tist AFolA= S Eo|HAl
basidiomycetes) =015 (Tremellales) 85213} (Tremellaceae)®) oA EEg ITERE ol83te] FERINA sarcoma-
&aln] HEE 7180 AA @] vE vl 7B @ 7] 1800 el 37-64% o] & FUFAS wolE Aoz
floll WAsks EAFIAY wAeR =, A, S, FH B BT (Ukai er al, 1972). BE3F A&5oHA FE=0] AR
otdlgl7} & A AA Ax xS Ut (Oh e dl, Wi 8 FYsHE S JAlske &5l ke A3
2006). LuFg-e 3 AzuAl (white jelly fungus) -2 20] T BT low, A . ) FAEHE gt vl &
(silver ean)2 BT o, dEME ‘2I7|FHI'E B X3 St} (Cheng et al, 2002; Cheung, 1996; Ko et
T} (Ko, 2012). B3 F=ollA= A 2HH FolHAE FE38]  al, 2009). F7H] o2 EFolwAle] 3tst a3t ufg- Hof
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U, Hezlge] Fas A3 sie THES &3 A7t
e d3e RuHAT (Li er al, 2014; Shi er al., 2014).
o} Zro] theket &Fo] WAL UA|RE o}A7kA] wjw |l
5 M AgEe] wFe) B3 As dEul gl
2733 SR THE7] 918 duole] o] FolA|HA] o
2] 7EA] w2l e s gk A €] 118
w3 glon, tekst o s wRAS wslE oidlEe
Aol oA Utk (Jung er al, 2014; Kim and Lee,
2015a; Urabe et al., 1994). A2 o)A Sl 23t 3

R A = e

HA|Ee] £ARS AT B0 Z melanin AB4de] E7Fsle] R
=™ melanin 39> tyrosineS 7] Z 35} tyrosinase,

tyrosinase related protein-1 (TRP-1), tyrosinase related protein-
2 (TRP-2, DCTYll <Jall AAd€Th. 3,4-dihydroxyphenylalanine
(DOPA)E A3 DOPA quinone® 2 A% 3 eumelanin}
pheomelanin® 2 FJ=A] #t} (Kim and Lee, 2015a; Parvze
et al, 2006, Wu et al, 2000). Microphthalmia-associated
trancription factor (MITF)= melanin 98 3= AA=
dHA o, o]lE E351¢] melanin P40 T3 IS 3}
£ TRP-1, TRP-29] ¥&S %434 @t} (Liu and Fisher,
2010; Olivares and Solano, 2009). 57} =3}7} Zgige] u}
2t Fgo] WA e w3t JgErE 95s A6t
= 229 collagen, elastin 5 7% ©ES WA= %
o] ZHAEH, collagenase®] AJgH/dol F7Feted matrix
metalloproteinases (MMPs)2] o] F71=H 23] o] 7]1& o
Wa FellE frEste] RS AsA7|aL TS FAST
(Brenneisen et al., 2002; Kim et al, 2015; Lee et al., 2015).
A=t collagen®] A4S 3184 TFEAY collagenS H3lldh=
collagenase ¥ MMPse] #H&o|u} &8 A e & Jopd F
B2 AT F Aot EAIL AT (Jung ef al., 2014).

&z arbutin, kojic acid, linoleic acidE X 3$}sl= tyrosinase
A A7 F=2 v IR G5E 7= 9E8E ARESol
H, 3 N 237 t}eksk AR 2= retinol,
epigallocatechin gallate, retinyl palmitate, adenosine 5] It}
(Chun et al., 2002; Kim et al., 2010; Seo et al., 2003). 3}
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oAl A RS 200 g¥ Gt
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80T} 100C FFFE715 ol&3dte] FE3GL BE F
E =52 Rotary evaporator (NE-1001V, Eyela, Tokyo,

Japan)E ©o]& Fx L& 70CE 79t el FAAZ
(PVTFD20A, Ilshin, Dongducheon, Korea)g ©]&3lo F=

EY 2xE 70C 7|EE8H o7 slo] FANZRE AAEI
FEELS 80T 100C 22t 13%, 23%= YERSTH
2. 5 Y= o 53

% ¥& %2 Folin-Ciocalteu’s phenol (F9252, Sigma,

St. Louis, MO, USA) AleFS 22} 160 (b & F7Fske] 1A17F

Bt WESAIFTE T F 10,000 pmeZ 108 B9 AAEE
sl on Aeds olgsle 750 mm Il FEEE A
St #FEde] A S Hal gallic acid (G7384,
Sigma, St. Louis, MO, USA)E ©]&3}3ith
3. & Z2EL0|c st =55

F ZgRxolE g2 96 well plated] FEE AR

10 4 9 10% aluminum nitrate (237973, Sigma, St. Louis
MO, USA)$} 1M potassium acetate (236497, Sigma, St.
Louis, MO, USA)YE Z}7} 44, methanolS 82 b5 H7}
gh 5 407 HAolM WhE g F 415mmelld FHEE S
gatnen, xEEde] A A4S 98l rutin (R5143,

=
Sigma, St. Louis, MO, USA)YS ©]-&3}3]th.

4. MUt
B16F10 ¥} HDFn AlX& $=A 23238 (KCLB, Seoul,
Korea) . ZHE < wQFOo ™ penicillin/streptomycin
100 unit/mé (10378, Invitrogen, Grand Island, NY, USA)
3} 10% FBS (16000, Invitrogen, Grand Island, NY, USA)
7} &% DMEM ®lA] (11995, Invitrogen, Grand Island,
NY, USA)Z AF&3le] 37C, 5% CO, incubator (MCO-
17A1, Sanyo, Osaka, Japan)oll A v &St}
5. MTS AlFHS 0|18t MIXZ MEE HI}
96 well plateol] 5x10%cellsmé & B33+ Media-FBS
10% Z7olM 7} A8 FEE8 FEEE 1207 A6
2 o] b AlE w82l 1/10 vie] MTS &3
S H7IsE & 37Co|A 2A17F wF3t % ELISA reader
(Spectrostar-nano, BMG Labtech, Offenburg, Germany)E
o]-g-ste] 490 nm oM FBEE AU
6. Tyrosinase 240 2 F& S melanin S5E
6 well plate] 1 x 10°cells/mé 2] B16F10 cell suspension

S 718k CO, incubatoroll A 9FY3E AlFTh 2 & AR
FEES THE A 117 T4 100nMe] o-MSH
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7. Real-time PCRZ 0|25t O U = 2 JHA &
SIEAM
Ay A W v IS HSSH] L

B16F10 MXE 6 well plateol] 1 x 10 cells/well2 FF5}o]
kdsl Al & gkt e AEE N AHEE & o
MSH (100 nM)Z melanin B3-S F=3ko] 24217 Hell A
25 Tt T #E AR IHE gl sl
HDFn MXZ 6 well plateol] 1 x 10 cells/well AlX2 FF35}
of st Al = et =] AIEE KIZF AEs &
UV (300 mi/ci)E Hejste] =2 &4 2 a3
o] 24X]7F Fofl NEE S8

Z¥z; A2l®l MAEZE TRIzol (15596018, Invitrogen, Grand
Island, NY, USA) 1 ml & 7}ate] Aeo)x] wulalgict 2
2EYEE 20045 W3 THA] WFEte] 13,000 rpm, 4CoA]
& T T 500 ol olazZ2REE TH
ste] ThA] 94 Ee3ke] RNA pellet AT 5 g 9
mRNAZE High Capacity ¢cDNA Reverse Transcription Kit
(Appiled biosystem, Foster city, CA, USA)E ©]&3}4]
cDNAZ A4S Itk P49 cDNA 14, tagman primer
1 /4, Tagman Universal Master Mix II (Appiled biosystem,
Foster city, CA, USA) 10 1, 32} 575 8 (& EIL real-
time PCR 7]7] (ABI7500, Applied biosystem, Foster city,
CA, USA)E ©]&3l PCRS it A% ¢ 54 v
SOl 221 TagMan gene> Appiled biosystem ©ol|A] 745}
T T ARESIATE E3F real-time PCR WHg- 2718 50T
A1 22 95CellA 102 B2t 18] FastaL, W 2% 95T
A} 15%, annealing &% 60TCoA 15221 Alo]Z-S 403] Wt
& st
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8. Western blot2 S8t tyrosinase THEZIC| Ual X

B16F10 melanoma A5 6 well plate] 1 x 10°cells/mé
2 EFSlaL 2447 S)F wiEii) wiAE AAS & Als
£ s=EE A w2 wehstal 7247k vis & PBS
2 AH3H. Lysis buffer 200 £ & 3715l A EZE 831
AZ13L 15,000 rpmOE 4TCoA 2082 F<+ aEa]ste] A
FEES AASAT. dAEgste] de ddSs
Bradford |2 & (Bradford, 1976) A &3lloH, 30 g &
0% SDS-PAGEZ ©l-&sto] 7] 953 § PVDF
membrane®)| transfer d}$4TF  Transfer’} EvH TBST
buffer® 23] o] A& T ZAWA 5% skin milkZE
blocking 33t =2 F 13} antibody (1:1000)Z overnight
3te] 221 F thA] 2%} antibodyE E°l322 ECL detection
reagents (Millipore, Billerica, MA, USAYS ©|-&3lo] oy
A HHS Akt
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9. Collagen & FrigI 58

FFe] FENA 835 3= collagen FHEHAE B
7] 98]l HDFn AIEE 96 well plated] 1 x 10°cells/well?]
240 7F viGAIT] T AR 78 miRE dAF e R 34
g AIRE ko] 7Hsial thAl 24741%F E]F CO; incubator
oA wjgstATE M-S AL 5 procollagen type I C-
pepited EIA kit (MK101, Takara Bio inc, Shiga, Japan)<-
o] &3sto] wFde wel Yt 12} collagen A7 L

Estsle] Yo & 37T 3A7F WS A]7] 3 PBSE 43]
M3 thE ELISA reader (BMG Labtech)E ©]|&-3}4

450 nm ol FF=E SAsh

10. SAH=M

Ao Aozl Aol FAH F94d2 SPSS (18.0,
Statistical Package for Social Sciences, Inc., Chicago, IL,
USA) Z2 382 o]galo] AMZEA] (One way ANOVA)
S AlYESlT). g Wit + BFAAE FAEIHR SN, fo4
e ¢ p<005 =4 Duncan’s Multiple Range
Test (DMRT)Z ARF- 7374313t}
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Fig. 1. Contents of total polyphenol and flavonoid in
Tremella fuciformis extracts. Mean values + SD
from triplicate separated experiments are shown.

o] thekst AlEdE 7T (Kim et al., 2011). Z2]5E
F2 gallic acid, & ZTH o= FFE mting 7152
sle] Z2A&ict 80T 100C FEEA 9] 7+ ZejHs
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3l7] 91814 B16F10 ¥ HDFn A ¥o]| 7} 2255 Aa]staL
o .

MTS assay HHO 2 &8-S =3I} 2

r-
O -1

31.2- 1,000 g/ml A L1olA A 2Jsisict. 100C
FEEAAE H4ol gl 80T FEEXME 500 g/ml
TERE AE AL FF] Qo RE AHS =2 A
Hol= 500 pg/ml o]st oA Pttt (Fig. 2).
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Fig. 2. Cytotoxicity of Tremella fuciformis extracts on
the (A); B16F10 melanocyte and (B); HDFn
cells. Cell cytotoxicity was evaluated with the
MTS assay. Mean values+SD from triplicate
separated experiments are shown. Different letters
(@ - o are significantly difference between groups

based on one-way ANOVA with Duncan’s
Multiple Range Test (DMRT) at p < 0.05 post hoc.
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WH3 AA7F IoF (Kim and Lee, 2015a; Parvze et al.,
2006; Wu et al., 2000). dEo|HA FZE0] melanin B4
#3 F dAEHE Je=A #837] 918 tyrosinase2]
A4S 31519t BI6F10 melanoma celllA] ZF A|8S &
THE Aste] 12817 § SAER O, RS2 kojic
acid (100 pg/m)E A&7 E A3 blank the] WEE
2 eIt 80C FEE04 melanin TS 55 FEF
o2 7oy, 100C FEEAME G52 HolA| et
tyrosinase A3 &4S RIS Ao Mm 80C FEENA
62.5 yg/ml FEHE FE oFEH o R AN 100C F&
BolMe AsaaE Holx] Agth (Fig 3). 7189 HIE
9] Rl AU FEE9] A3 (Kim and Lee, 2015b)
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Fig. 3. Melanin contents and relative tyrosinase activity of B16F10 melanocyte after
treatment with Tremella fuciformis extracts. B16F10 melanocyte were
pretreated with Tremella fuciformis extracts, kojic acid (25 uM) and a-MSH
(100 nM) cultured for 72 hours. Mean values £ SD from triplicate separated
experiments are shown. Different letters (a-f) are significantly difference
between groups based on one-way ANOVA with Duncan’s Multiple Range Test
(DMRT) at p <0.05 post hoc.

£ o] a3t e AAFe 2 FE7F wolglel wEl o 2 558 Hole Zo= ¥l
HAh 3t HZol| thF 2 ¥ g Eo] ik njulgAEd
4. SI20|HA F==20] 2Jst B16F10 melanoma MIFZ0lIA2] T (Park et al., 2014)2} v|REle] S EolA] FEZE9]
tyrosinase THIHZL 251 2f0l T2 2945 UERiTh
Western blot2 E3}9] tyrosinase T2 wdS Felst 4
I A Akl FAEA 80C FEE0ME v g&=8or 5. S=20|HA FE20l st MITE TRP-1, Dct?] mRNA
tyrosinase o] 7HAEIAAL 100C FEENE & 9 L

ko t51 B}
T o = —
v XA ESFATE ESE tyrosinase W o] fFAadgle] whEt Melanin A3 2ledD AAl= vlg gt Asdg =
B16F10 melanoma A|3¥2] A% Ha} 7oMof|x Tt Ao o] A5t A}, ] 5 MITFE melanin $A 0 2

= uhie HAHAUT (Fig. 4). 292 T 2w 2ol @ FAb 24 A TRP-19 Dot ¢ AAS EAgTkn
HAl 80C FEE0)| 98| tyrosinase o] 7HAFHS gHols) 42 A 9lt} (Liu and Fisher, 2010; Olivares and Solano,

5 FEFE 2009). A AN B F2 25E B 80C FEES 9
o] iske BHE Uehlle ZoE e F o 59 43l] melanin /3 AARI MITF, TRP-1, Deto] &
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Fig. 4. Effect of Tremella fuciformis extracts on cellular tyrosinase expression in o-
MSH stimulated B16F10 melanocyte. Cells were pretreated with the indicated
concentrations of Tremella fuciformis extracts for 72 hours and then protein
expression of tyrosinase was determined by western blotting.
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6. SIS0|tHA FE20ll 2st HDFn MIZZ0lIMC] procollagen
&d 3ot
AEZA71A F2 744 AEQ collagens 3|52 4dfolA

oI WASE WA W, WY Kole] §7] BAe

RS FAdstar o] Ao, Adxze] A, 249
AgE, Alx S 23} fie, AEe] A" T uet 7ls
< 7Kg (Brenneisen et al, 2002; Kim et al, 2015).

Collagen ¥)3ojx F& FA37 23 dAze] Yrja L
A AL collageno] £E3T A F2 §wd 5 )
Collagene H7E421 procollagen®] sﬂEH 2 e, COllagen

Z3kS A collagen BAFRRE] Ak @ Rajwojzirhar ok
A ATk (Lee et al., 2015). & Z2HEl| =9 & 245}

A3EHoM 2] collagen *@fﬂ JAEE Fetd 4 ). FEo]
HW" o] g3} collagen T4 AP alsld, 100C F

=Me 2 Wske EO]X] APAT 80T FEZEAM =
125 pgml FEAMEE F2)Z 22 procollagen /g0l St
ST (Fig. 6). ol =] FE04 aae 9
A= 2013)4 % A Zo|WA FEHEo

(Jun et al, A
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Fig. 5. Effect of Tremella fuciformis extracts on

mRNA expression of MITFE, TRP-1 and
Dct in o-MSH stimulated B16F10
melanocyte. Expression of mRNA was
estimated by real-time PCR. Findings
were normalized to the expression of
GAPDH mRNA. Mean values + SD from
triplicate separated experi-ments
are shown. Different letters (a - d)
are significantly difference between
groups based on one-way ANOVA
with  Duncan’s Multiple Range Test
(DMRT) at p<0.05 post hoc. MITF;
Microphthalmia-associated transcrip-tion
factor, TRP-1; Tyrosinase related protein-
1, Dct; Dophachrome tautomerase.
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Fig. 6. Effect of Tremella fuciformis extracts on procollagen
synthesis in HDFn cells. HDFn cells were incubated
overnight. Cells were pretreted with the indicated
concentrations of Tremella fuciformis  extracts.
Procollagen synthesis were perfomed as described in
materials and methods. Mean values+SD from
triplicate seﬁarated experiments are shown. Different
letters (a-b) are significantly difference between
groups based on one-way ANOVA with Duncan’s
Multiple Range Test (DMRT) at p <0.05 post hoc.

g JAE BRIEIAE Melanin A= A4 UVPl L
o’ =% melanocortin peptide ! o-MSH (melanocyte

X fr

stimulating hormone) ¥ ACTH (adrenocorticotropic hormone)
#4854 Et} (Thody and Graham, 1998). 53+ melanin
Ak Aol thFEk cytokinet -8 Q)RR o)
MSHE A28}, melanocortin 1 receptors (MCIR)Z} A%}
o FIolA AxEe] F2], HYZA, melanin AP & T
3 A2 715 s Dot (Slominski ef al., 2004). 3=
oA FEEL a-MSHE AZ3l melanin A7d°] =%
Aol A T2 9O Z melanin AL AAISIHOH, 7]
2 a3 4E7 FUNETLCZ kojic acid 100 pg/ml S A
IS Hre; FABIAY D53 melanin A E%S UE
itk o]oA melanin AXdol ToIS= tyrosinase TS
A4S W= SEo|MAl FEE2 PP kojic acid
o} FARIAY Bold tyrosinase B4 A 2 vz wky
A E4E HAh

oA AFEIR0] tyrosinase

=

=

A=

2l Hofsk=

12kel MITF= melanin A4S 98] #HE tyrosinase,
TRP-1, TRP-2 & #FZA ¥dE& F7HAZIth (Liv and

Fisher, 2010; Olivares and Solano, 2009). 3&-o]¥jAl
£l 9|3t tyrosinase JA| &5 TRt 1 71
IZFE<1 MITF, TRP-1, DCT #314F &S gl
Z3 melanin F4ddl FHE AARIAES] FA}
EolHAl FEE o AaAFE gl
Collagene H-5 sk Fadid= v -sle}
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Fig. 7. Effect of Tremella fuciformis extracts on mRNA expression of MMP-1 in UVB
stimulated HDFn cells. Expression of mRNA was estimated by real-time PCR.
Findings were normalized to the expression of GAPDH mRNA. Mean values + SD
from triplicate separated experiments are shown. Different letters (a-e) are
significantly difference between groups based on one-way ANOVA with Duncan’s
Multiple Range Test (DMRT) at p < 0.05 post hoc.

Aol BHE #AO]ER collagen A 2 FA= IFA7 ol
Foty d#A Jor MMP-12 collagenase &S 3=

IRFEE A9 & YUYl 8- 2t} (Brenneisen et al.,

2002; Kim et al, 2015; Lee et al., 2015). ©]¢} I 3}o]
FEo|MAl FEE0] FE/NA &5 YA Lolrr] S5

procollagen @ MMP-19] WH3}E =435t 2 23} 350
WAl FEFE-2 procollagen TS X5 Zo 2 UERLS
o, MMP-1 #3218 g344 0% 4aA71S g1lsiiih.
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tyrosinase 24> /39S A3l8IAL melanin T JAAES =
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