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Abstract: Melanocytes synthesize melanin within discrete organelle termed melanosomes which are transferred to the
surrounding keratinocytes and can be produced in varying sizes, numbers and densities. Skin whitening products have
become increasingly popular in the past few years. The most successful natural skin whitening agents are! arbutin, vitamin
C, kojic acid, and mulberry, which are all tyrosinase inhibitors. In this work, melanoston, a melanogenesis inhibitor isolated
from yeast was studied to understand its mechanism of melanogenesis inhibition. It was found that melanoston was not a
tyrosinase. inhibitor, while when melanoston was applied to the B16 melanoma cell culture media, the intracellular tyrosinase
activity was decreased by more than 30%. When BI6 melanoma was stimulated with a-MSH, cell morphololgy was
dramatically changed to have lots of dendrites on the cell membrane surface. On the other hand, B16 was treated with a
-MSH and melanoston, simultaneously, the change of cell morphology was not so great. This inhibitory effect of melanoston
was found to be related to the inhibition of intracellar activation and transportation of tyrosinase, which was observed by
immunostaining of B16 melanoma using anti-tyrosinase antibody. From these results, melanoston was regarded as an
inhibitor to the differentiation of melanoma cells.
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32171 o] 218 melanocytet cAMPZ}F F7lete =
74E cAMPel 913 PKA (Protein kinase A) 243}
MITF (microphthalmia associated transcription factor)
A tyrosinase ¥445 72 oA TH1-5]. Endoplasmic
reticlumel 4 A4 ¥ tyrosinsae™ golgi bodyolA gly-
cosylation® AZ ¥ melanosomeLE o] 5 8HA et
o] 7]A thR] PKC (Protein kinase C)oll €3+ &4 3 (acti-
vation) 348 Aol H|24 dephd o] AlFH &
ShH © 2 melanocyteT AIEFE Y AQl actin filament
o AFAg dE B FAAAE|(dendrite)E 2t
dendritic cell2 AEZE N7 vtAA = o|zjg Hefw
32 AAok FYol 9 keratinocyte® AAE Haid
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53 22 tyrosinase A A, EA HAEE
ERE 4 sk 28y o)y
g5 YAy 5A4E JepZIE sta, 4
] v 5 E YEEAY
Abgo] ofEg Aol glo] NMZE vwWEAS sie] H
g3t & 4 gk B dAFoME gRdA] 23 @
Zd A4 oA 229 melanostond] FHg 7]HL 9he)
71 9% Aeolth Melanoston®] 2 E7|HoEE tyro-
sinase® L& A glycosylation A, melanosome %
oA tyrosinase /48lA, A4 dHebd 2H9A 5
S AZE 4 glon B dAFolA = Bl6 melanoma A3
1%3}04 T2 tyrosinase W3 @43 L AE
% FAHor 2AEIE o™ 1 AY melanoston
B16 Hh«] Hedsle) tyrosinase 43S 94 &
Ao g yvepytth walA melanoston2 a-MSHe 2]
B16 Al 23 A9 melanosomeo A 2] tyrosinase
24318 dAFozH Aoz dapd AAHS oA
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2.1 MzF 3 A=

Ado] AFEE melanoma Al EF BI6F102 34 xF
2yo 2Ry Bokuolty MXFE Dulbecco's modified
essential medium (DMEM), 10% fetal bovine serum,
penicillin (100 U/mL), streptomycin (100 ug/mL) (Gibco
BRL, USA)& #H71st A& 7129A2 3t humidified
5% CQOs, 37C incubatorell A At wfoksin] AHo] A}&

habdEets], A3 A1 8, 2005
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Melanoston2 Ao FE2EE2A4 234 43L& AR
T (PFE AELAATAEZRE AFgwson o-MSH,
arbutin, LY, Y, L-34-dihydroxyphenylalanin (DOPA),
synthetic melanin, sodium azide, sodium dodecyl sulfate
(SDS), phenylmethylsulfonyl fluoride (PMSF), aprotinin,
Nonidet P-40 (NP-40), p-nitrophenyl- a*glucopyrano—
side (PNPG), isopropanol, DMSO, NaOH, HCl 5 Sigma
(USAAHEE A&

Mouse tyrosinase$} TRP-19] carboxy terminus® 3
8t polyclonal antitybody «PEP73, oPEP]l 123 human
dopachrome tautomerase (DCT, TRP-2)¢] carboxy ter-
aPEP8hE Dr. Vincent ]. Hearing
(NIH, Bethesda, MD)2 255 A& 2o} western blotting
o A3 THE]

2.2 depd szt £
*ﬂﬁ‘: Azl &g =4S 95t 6-well plateo] 1 X
10%0] =A A p

EE platingdtx 1¢ A3 * 7-} 545 5
T¥E Hriele] ujekslich wido] B4 ¥ 1,200 rpm
olA 5 min F¢F ARIS At F 2 X 10° AE9
AEE Fgaie. MEE 15 mL capped tube® 7)1
phophate buffered saline (PBS)E 4, 9AE2E 23]
AABHATE GEdE AASL, Bl 84S dehie
depd el 43tE do7]7] skl 1 N NaOH/10% DMSO
% A7ke e 65C oA 2 h ZoF A o

B 405 nmollA E&FEE =H3F synthetic melaning
]o g standard curve®} H]arsto]l el ERS A s}
4t B16 mouse melanomaolld o-MSHYHE #71shed
S e} AsjAel arbutin, melanostong FAld] #7let
Ag o JERE melanin 49 AA wslEke zA}
shA 7).

2.3. Tyrosinase 4 =3
Tyrosinase B4 < DOPA oxidase &4
2 JeEpileh dehd g3 éz“‘?j“ z
AEZE ST & gypsine 2 AEE dojun
& Ak Fad AELE PBSi 23] A,
et AEHe AAS F single detergent lysis buffer
[50 mM Tris - Cl(pH 8.0), 150 mM NaCl, 0.02% sodium
azide 0.1% SDS, 100 yg/mL PMSF, 1 pg/ml aprotinin,
1% NP-40, 05% sodium deoxycholate]lZ #7}ste] 4T
ol 20 minzt HFSAIA AZE lysisAlZTE A2}
A2 cell lysate 1 mL9 reaction mixture [0.19%
DOPA in 01 M sodium phosphate buffer (pH 6.8)] 3
mLE T3t A2dA 60 min?t WHSAF T WHEo
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b
3] 24 ho] Ay 4 BEHES sl 2¢ &<t vl
oFstart wiko] B F lysis buffers H7Fslal 47To
A 20 min ¥FE-A1ZH T} Cell scraper® $443] lysis®H 5
3le] 15 mL tube® &3 ©thE, 12,000 rpmolA 5 min
Zob YA E AAE cell debris 52 AASACE Al
au gzl A bicinchoninic acid (BCA) e
2 AN e, Fuma 50 ugd o8&kl 10% SDS-
PAGEE AA38th @719 %°] ¢ T nitrocellulose
membrane (045 pm, Schleicher & Schuel)& AH§-3hed
electrotransfer (50 mA for overnight)3ith Electro-
transfer’} €49 blottingd} 7ol ¥4 Ponceau S& AHE:
sto] transfer’b -2¥FEA HA=A FAstA ) Nitrocel-
lulose membranes- blocking solution [PBS-T with 5%
skim milk] .2 A&l 1 h ¥3-AZ T Primary anti-
body= mouse tyrosinase®t TRP-1, human DCT9] poly-
clonal antibody (from rabhit)$] Z+z} aPEP7, «PEPI, 21
23 ¢PEPZhE o] &394t} Membranes blocking solu-
tionell 1:1000¢) S A 843 Z}7+9] primary antibody <}
AgoA 2 h ¥-&& AAEA PBS-TE 15 min¥ 4
3] A8, anti-rabbit HRP-conjugated secondary
antibodyE blocking sol'nell 1:2000& 3A4ste] 1 h ®H
2 A7} wgo] ¥4y & PBS-TE 20 min¥g 43 A
8l9dtl. Protein band¥ enhanced chemiluminescence
(ECL) system {(Amersham Pharmacia Biotech, UK)%};
photographic film (Kodak, UK)Z o]&3to el =
Bio-Rad Fluor-S system& ©]-&3lo] A #s}s} 5 tHB8-9].

2.5. mRNA &3

Melanogenesisell #eJdh= &A9l tyrosinase, TRP-1,
DCT %9 mRNA levelo] 4 melanostonol &3t ¥H3E
otolr 7] ¥sted RT-PCRE Faskith

2.5.1 RNA Extraction

6-Well plateo] 1 X 10" cells¢] 7 platinga}i 48 h
A T olfAE IR ¥ AL (5) controlZ,
melanogenesis stimulating agent$! ¢-MSHEZ A#g A
& (+) control2 383 FA3nAt sk MsAE A2t
o] 24 h t] w¥3tdTh. Total RNA £8& RNA gents®
total RNA isolation system kit (Promega, USA)E o] &
sho] AzAte] #hel mel AASET &, AEZuSE

by oS PBSE FA3lT denaturing soln 400 uLE
ket AEE &340 F, 15 mL tubedl &4 2 M
sodium acetate (pH 4.0) 30 yuLE #7184 th RNAY &
g7k oAV FEE 242HA E£86EL phenol © chlo-
roform : isoamyl alcohol (25:24:1) &< 300 uLE H7}
3 F 10 s B ZA3A vortexdlF2L E2olA 15 min

g AAF g5 FE=HL 84319t Isopropanol&
Z(yfv) A7 & 4T, 12000 rpmelA A 10 min
ot gAlEE sl RNA pellet2 itk DEPC Az
75% ethanol2 FAZ ¥ & nuclease-free waterol
pellet® =%t} RNA9 4% A4S Hitachi U-2000
Spectrophotometer (Tokyo, Japan)E AFE3}]  Ags/Asso
ratio® A &<18k5i e

2.5.2. RT-PCR

First strand ¢cDNA A2 total RNA 2 pug, 1 X
M-MLV reaction buffer, 0.2 mM dNTP, 200 units®]
M-MLYV reverse transcriptase (Promega. USA), 100 pM
oligo-dTie7} 9 5% &£¢8 2 & volume 50 UL= A
3l & PCR system 2400 (Perkin Elmer, USA)S ©]|-83}
o extension: 37C 60 min, denaturation: 95C 5 mins
Attt PCRE cDNA 2 ul, 1 X amplification buffer,
02 mM dNTP, 1 unit® super-therm DNA polymerase
(Hoffmann-La-Roche, Canada), oligonuclectides® 72t
1y, % volume 50 pL2 ZAste] A¥aAch PCR &
AL denaturation: 95°C 50 s, amnealing: [tyrosinasest
TRP-1: 56°C, TRP-2: 64C] 20 s, extension: 72°C 20 s
2 % 30 cycle A3t} PCR products® 1.5% agar-
ose gelsdlA A719E5S HAIS F ethidium bromide
(Et-Br) stainingg 8t UV illuminator (Vilber Loumart,
France)2 2213}t RNAY integrity’s mouse S-actin
mRNAS| 3 primerE o]&3to] 18+ tH10-11].

2.5.3. PCR-ELISA

PCRolA #Zw cDNA 4& A7 st PCR-
ELISAzte= HH-& 7jgsto] Abgstaith o] Wi 5&
Al 5 biotinylated primers® digoxygenin-11-dUTPE &
Aol Ab83te] PCR products® A& ZukE &4
u-S o] &34 detectiondte Woltl @AT DNAE
10 X puffer, 10 mM dNTPs, 05 mM digoxygenin—-11-
dUTP (Roche), 1 U Tag DNA polymerase and tyro-
sinase primers® 4o #HZF volume®] 50 uL7} HEE
shedvh 7 othe BAL oA AdE PCR method®t
FdstA F8850) Coating bufferoll 50 pg/mLE avidin
< =9 & Microplate (Maxisorp Nunc)dll 37ClA 2 h
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Table 1. Inhibition of Melanin Synthesis by Arbutin or Melanoston in the B16 Melanoma

Control «-MSH Arbutin (ug/mL) + @ -MSH Melanoston(ug/mL) + @ ~MSH
jglage)

. (100 nM) 13 o 77 1360 13 27 1% 212 1360
Melanin content g, 30 3% 181 131 130 % 214 06 171 11

{ug/mL)

RN AL 3H FA & blockingS 98t coating buffer
o 2= 2% blocking solution®. & ALoA 2 h E¢+
%A Zit}. Biotinylated PCR productsZ 3% bovine serum
albuming %8st PBS (PBS-B)Z 343} loading3dliL
A2 1 h 5 9sAIA PBS-T (0.06% Tween-20
¥3H2 A A1 A H PCR method 18] 4% 025 M
NaOHZ 4-&el4 10 minZt %39 denaturinge A7
t} 44 % 10 pmol/mL digoxygenin-labelled probes<
E &3 hybridization bufferg welld 100 uL# loading 3t
o 2TlAM 2 h ¢ WAL I F Anti-digoxygenin
AP-conjugated antibody (Sigma)E& PBS-Bell 1:30002.
2 FMAA HA7Me F 37ColA 1 h B¢k vk AH 1
M diethanolamine bufferell %91 0.1% pNPPZA| 420
A 30 min?t WX 405 nmoll 4] ELISA readerZ A}
£3l9 optical density® &A%tk PCR method 2«1
A%l = denaturing® hybridizationd #A4E& gelx

A anti-digoxygenin AP-conjugated antibodyZ ﬂﬂlO}
Fom o Wy 1 FH g2 oA d3dg PCR
method®t F¥at et

2.6. @&do|d otE
AZYe o] wigsE Ty ¢

10'] A MEE platingstz 24 ho I wr% % mel-
anoston®} arbutin®] #7Hg A &
st wido] YW ujAE A7 Al
P 3 dujFoz wastoi12] ¥4E 173 #EE 9
e 2t 2ol Astrh 24 well plateol plated
10,00070% cell& loading® & 48 h $o| A&} A
A Wiz E AAsT PBSE 33 washingdtth o]0
PBSell paraformaldehyde®t Sucrose® Z2tZb 4% F%
ol3 37CE pre-warming® £ 10~15 min?t A29]
A} fixationdtt}. A PBSE 5 min® 33 £50] FHA
washing@t}. 0.25% Triton X-1002.& 5 minzt A8 3}
I A PBSE 5 min® 33] washing¥th Blocking e
goat serums 10%2 8Aa|4 30 minZt HAISHAL 1st
antibody (PEP7-Polyclonal rabhit antisera to mouse
tyrosinase)© 3% goat serum solution®l 1/400% 3]s}
A 4TCe) overnightdtlh T A PBSZ 5 min%® 33
washing 3 2nd antiboy (Anti-Rabbit IgG FITC Conju-
gate)E 3% goat serum solutionol 1/50% 34814 30
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mANA of tyrosinase

Contral  Mefanoston Melanoston PQQ 100 a-MSH  Melanoston Melanoston  PQQ 100
{100 nM) 100
Concentration (Ug/mi_)

Figure 1. Effect of melanoston on the expression of
tyrosinase mRNA by the «-MSH treated B16 melanoma.

mingt ‘32l incubationdt}. 2nd antibodyE ) lstw
A FAlo) DAPIZ 1 pg/mL %2 A2, counter staining
£ #iFrt oA %o PBSE 5 min® 33 washing
st FfFgo A% 3 M o washing®t}. Mounting
media® AH8-3] mountingS o}
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B16 A HjkolAl 7] 2u|x]qhe ALE-3 AL control
2 33 100 nM9] o-MSH%HS 713 A, 281 o-
MSHE #7}gh HlAof| arbutin, melanostond FEEZ A
Vet o depd §4 A LS ZA3le] Table 190
Yehich Melanogenesis stimulating agent$! ¢-MSH
£ Agg A9 Blod o3 AR dEhd F=E con-
trolell BI8] 80 wg/mLelA 304 pug/mLE S7138HG o
7)o AsiA el arbutin® melanostons wjgERo] H7}
39 A9 1.36 mg/mLe] FEA ZHzh 130 pg/mL¥
111 pg/mLo & Ueld o-MSHol 9sf Z7id dad
%o 0% A=/ AT e dihd E Ae ol

5% A0 Yer,

3.2, Hztd & HELo| REX wE2E ws)

A ATl A melanostong H kel %‘7}3} £ 4
tyrosinase #4deo] ZAAdAoY Wk F AT 9
M ALt A9l tyrosinase @A) W AsE o
BuUix] @e ZoE uvelgth wEbA  melanoston
tyrosinase®] A#A|7F old AoR HUEHEZ mel-
anoston®l] &%k Wahd A A= tyrosinase TE &
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E Controi

B8 a-msH only
Melanoston(ug/mL}
B 212

B2 136

B 272

Arbutin(ug/mL)

B4 272
(5] 136
] 212

Densitometry units

tyrosinase TRP-1 DCT

Pigmentation protein
Figure 2. Western blot analysis of the expression of
tyrosinase, TRP-1, DCT in Bl6 melanoma treated with
arbutin or melanoston. Histogram shows the result of
densitometric scans of immunoblots of proteins extracted
from the B16 melanoma.
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Figure 3. Metabolic pathway that may be occurred in the
@-MSH treated B16 melanoma.

stad s,
=487 $l3tol

A5 We 7haro] 93 AIAE &
HA tyrosinase?] mRNA =3
PCR-ELISA¥ 0 2 43] {HE Agslo] d& A+ Figure
13zt BI69] 100 nM9 o-MSHE H39S
tyrosinase 2@ %o] 198% 7}& F713M4 Hcontrol# a-
MSH ¥]i). 223 melanostong 100 pg/mLe] FE=
gkl H71gle 79 tyrosinase mRNAS| EHFE
oF 72%7} AT 200 pg/mLolME o 109%7F i
39k PQQE 3EFE AL tyrosinase A& 2EHE o
Aste B4z 48 9o B AgolA 100 ug/mLo
FEE ujgdd A7ME A tyrosinase mRNAS] &
FaFo] oF 4% #HAaF: oI FAHENE o-MSHE
Agetr] & Aoz vebgten 100 pg/mle FE
2 oujekele] AR AS AA 4% LHG ot
UEergth Figure 2+ Bl6ol o-MSHE AHd d4< W
Wy Al #eEE §AQ tyrosinase, tyrosinase
related protein-1 (TRP-1) % dopachrome tautomerase
(DCT, TRP-2)2] iz w2 walg golry] 3l
AE FHHAE western blotting? = protein bandZ
Bio-Rad Fluor-S system< o|-&3le] AzFalst AHAolrh
Tyrosinase®} DCTE A$-E o-MSHel <3 dd 7ol
Z7tetd e TRP-12 controlst & o1& YelAl &

0
2
m[o

( lo I e

2,0
1.8
1.6
1.4

nnnn

Control 2Ms|anos(on 20*Melanusion

mRNA of tyrosinase (0.D)

Concentration (Lg/mL.)

Figure 4. Effect of melanoston on the expression of tyro-
sinase mRNA by the PI3-K inhibitor(LY) or Rho kinase
inhibitor (Y) treated B16.
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s34}

Tyrosinsae activ
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Figure 5. Effect of melanoston on the tyrosinase activity
of the PI3-K inhibitor (LY) or Rho kinase inhibitor (Y)
treated B16.
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ob 4 9dTh Melanoston?] 7%, #7kek <ol
-MSHel &8 %71 tyrosinase @& o] 15%
Vgl Ao g ey o TRP-1& $ehte=
7 &4 melanostondll o8] wdE o] FHashe
Uehtoy o-MSHel 93] Z7H8 4217F A7)

2 AsEdE @k}t DCTE tyrosinased}t B&d
$}2 W melanostond 272 ug/mL A7k A$ A=
%S control UE @& & UElATE Arbuting
= Bd 5aY wdF AEYE tyrosinase com-
petitive inhibitoro}7] W&ol Al &AEe] date] A4
e wa@e FAE FolE = STk oY AF¥Z
g F¢etdnd Bl6 wWEdel melanostons 200
pg/ml FEZ Agd A9 10~20% Wl FAA 9
gld 0y oA b LS FIY F YAk 1
U oolggk He o fAR HE AA7F melanin A4
S 70% ol At W) ofe Fol glof thg A
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B16 Al¥d o-MSHE A#shd debd A a#d
49 tyrosinase® @Alol ZAEINE A ol9 B
Ao AEzz dmde] FFAde] dojdrt Z, BIGAE
o] FWol & o-MSH FE#7F o-MSHol 93 &%
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Table 2. Effect of Melanoston, Ly and Y on the Pro-
duction of Tryrosinase Mrna, Protein, Melanin and on the
Enzyme Activity . HOZ actin filamentEo] AT-AHEHHEA A
Supplement mRNA  Protein  Activity Melanin skeleton)o] ®&8lA H1 A= AE HE7} dendrite’t
Control 100 100 100 100 B TAY AZR Wst YgE dehde] ES g0
a-MSH(100 nM) 198 1612 2245 380 3tAl 2ch(Figure 3). o-MSH9F Ze] AX ZZ9d
@-MSH + melanoston ~ 176.4 1414 1576 213 #e| 43k T phosphatidylinositol-3 kinase (PI3-K)
(200 pg/ml)  (109%)  (126%)  (208%) (439%) ] A#§A A LY Rho kinase® AsiAlel Y7} dzhd
LY (20 yg/mL) 1184 108 20 316 AE RIS Bl wet Bl Mg LY F2
LY + melanoston 1072 % 1523 12 YE H71¥ ¥ tyrosinase mRNA% &2 24& 543}
(200 pig/mL) 95%)  (12%)  (475%) (60.1%) of wEotHFigure 4-5). LYst Y €t BI6 A
Y (20 pg/mL) 1163 % 9 144 tyrosinase mRNA Fdels o2 9% F4 o
Y + melanoston 107 82 121 127 # o7]el melanostong H7bsbw °F 10% Fxmel 24
(200 pg/mL) (84%)  (145%) - (11.8%) AA @S Btk wde] LYS 713 wjgdel &
4% tyrosinase®] 48 299, Wehd AL 31¥E
HEE AZW cAMPE $%E F7H713 wEkA tyro- S7ketsi o o7]el melanostong 200 pg/ml FEE
Tl Frkstnl EAA A Aee 7% tyrosinase EAo] 40% ol T A
o2 olFstA Hrh o] AE dehdel R 60% AR asks 202 Jeyh

sinase®} ## @A L9
23lE tyrosinase® melanosome

Figure 6. The effect of arbutin or melanoston on the morphology of B16 melanoma (A), Control; (B), 100 nM of o-MSH;

(C), @-MSH (100 nM) and arbutin 200 pg/mL; (D), @-MSH (100 nM) and melanoston 200 ug/mL.
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(C)

nM of a-MSH; (C), «-MSH(100 nM) and arbutin 200 pg/mL; (D),

(Table 2). Rho kinase®] Ad|A0 Yo Z-folle ozt
o] velbx] gisitl. Tabel 2% o] AHES A3

RAo® o-MSHE X@l3dt Bl6 A3 H|YFdel melano—
stone A7FE A% tyrosinasett WY TAEY 2¥ <
ol HOE 98g wXx F&AT tyrosinase ZA
dAA3] Aty AaHoz depd AAHS gt
A& HoFA i,

I o o2

3.3. MEZstof e el Bt

$19] AgelA melanostono] MZ 3t} AdEH a4
ES dAg o= Ad F4E A Ee Zoz YE
%o B2 melanoston®] ©]& 3k 31 Aol ojujsl ok
S uxe=Ax B8 BI6S 24 h B¢t wied 5 A
A7t A7 A3 T AE

bl wix 2 wdsle] 48 h Fob wjd
12590 c)h Control® 100 nMe] «-MSH, 28
)8} A ¢l arbutini} melanoston-g 136 pg/mL7} HX%
A74st vl 7k A2 AZHEE Figure 6] L}E’r‘fﬂ
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Figure 7. Fluorescence staining of tyrosinase in B16 melanoma treated with arbutin or melanoston. (A), Control; (B), 100

a-MSH(100 nM) and melanoston 200 pg/mL.

SR B8 Bo] dahdo] AW T YHU|HE
2 Hd3l7] skl old dendricity’} £71gcts U E
E3 AA3QYTHB). 100 M2 - MSHQ]r arbutin(C)3
melanoston(D)Z 136 pg/mLel ¥ A7 A gl
AZ Fefo A ‘\’%—8— 2kol & ‘%E}LHO*E}
MSHell ¢j8] E7ld A 9 F4 4= A
oF ﬂrﬂﬂn_‘% melanoston«] A5 =719 It Bol
Pad 2E5E Jehdo] Azt deﬂxﬁuﬁi 484 e
itk webA melanostone] ®abd FAS oA
2714 F shve AEY FHE ZAse X
Wy Aol JEE FAY AE 3 dFs F

olg} BT

_IIN
%
=]
=
rl
[

|

-

3.4. Melanoston0| B16 MZ £s}ol| o|x|l& A

Aol A dwsk dl2 melanostone] B16 A E 2|
A A5t tyrosinase’t melanosome o2 o] EdtE A
AA A Y melanosome EW A3 tyrosinase &4
B}(activation) FAL AAs T WA melanin FA
AAetA Hohe 7HEE £ o TAHLE FHI Ho
71 $igted o-MSHE AHEd AESY} o-MSH % mel-
anostong Al Al AXoA FFHWHEG oL

s

ML 00|

o ox mlo

J. Soc. Cosmet. Scientists Korea, Vol. 31, No. 1, 2005



32 e - o]5A -

@J—} Figure 704} 7L°] -MS H%
AN E3= tyrosinase staining?| -H| L% BWF 2 tyrosinase
7t #zEEglon cytosoldt AET F-oAe #FEHFA
BITHA). 28y o-MSHE A3 Bl A¥+ AEY
g7} ¥ate] 22 dendrite® A3 ASE €+ U
93 tyrosinase staining*] tyrosinase”} dendn'te 2 Ao
Az o] gSs #EE £ JUTHB). Arbuting
Agg A B -9 nk7A 2 B16 /‘ﬂﬁ«] den-
drite FAdoll= W0 § tyrosinase LHAE ®Fol
golom WA abutin® Bl6 Axe He) Aste
tyrosinase #@o HoE Jd&e FA & )
‘3} 1311/} melanoston 200 ug/mLE A3 A-¢ (B)2
S-o] H]&] B16 ME2) dendrite 84S AAEE

%l?i‘:}. o] W Z7}4 tyrosinase Ed UYL (B)

Hla] 2A 723 GE Aoz Yehd ¢
western blottingS o8& vz w3 A A
g & ¢ Uk oY ARES FTHE E o
melanostone A 2 7]A L WES] AEsrlE ofB5A
ok BI6 AEe EeFAe of' AoRE st -
MSHell 9&] Aol Z7l% tyrosinase’l melanosome 2
2 o]FdE @AY melanosomeol A wlAHO 2 tyro-
sinase’} @Alstsle @AE Walsle ZoE B o
28 AAEHRE E3 10~20% A5 FHL %9 tyro-
sinase $HE AAsE Z2F2 Yeston upeha Ay
Hog wWahd 4 dAlgte d4oF YeuA =
Rolty. & B AT ZAFde YA Z%oy mel-
anoston®] AAE debd Byl wiXe ZIHE ZALS
71 918t Clon M3 melanocyte cell®l melanoston. 2
At 5g0) Ae T AL W dol JE melanin®
9k Fontana-Mason stainingl 2 sl 2 Al A
XU Aad 247} melanostond A8 W #A s}
A dAES & + A

ZAe =

B oATE 0009E A9AAE
A7A Lol o3 SR ALYk

TY7IRE7 = 7A€

ik

1)

o
e

1. C. Romero-Graillet, E. Aberdam, M. Clement, J.-P.
Ortonne, and R. Ballotti, Nitric oxide produced by
ultraviolet-irradiated keratinocytes stimulates mela-
nogenesis, J. Clin. Invest., 99, 1 (1997).

2. B. A. Gilchrest, H. Y. Park, M. S. Eller, and M.

oigsdEes] A 314 Al 1 &, 2005

10.

11

Yaar, Mechanisms of ultraviolet lght-induced pig-
mentation, Photochem. Photobiol., 93, 1 (1996).

. H. Y. Park, J. M, Perez, R. Laursen, M. Hara, and

B. A. Gilchrest, Protein kinase C-beta activates
tyrosinase by phophorylating serine residues in its
cytoplasmic domain, J. Biol Chem., 274, 16470 (1999).

. C. Romero-Graillet, E. Aberdam, N. Biagoli W.

Massabni, J.-P. Ortonne, and R. Ballotti, Ultraviolet
B radiation acts through the nitric oxide and cGMP
signal transduction pathway to stimulate melano-
genesis in human melanocytes, J. Biol Chem., 271,
28052 (1996).

. R. Busca and R. Ballotti, Cyclic AMP a key mes-

senger in the regulation of skin pigmentation,
Pigment. Cell Res., 13, 60 (2000).

. V. M. Virador, N. Matsunaga, J]. Matsunaga, J.

Valencia, R. J. Oldham, K. Kameyama, G. L. Peck,
V. J. Ferrans, W. D. Vieira, Z. A. Abdel-Malek, and
V. J. Hearing, Production of melanocyte—specific
antibodies to human melanosomal proteins: expres—
sion patterns in normal human skin and in cuta-
neous pigmented lesions, Pigment. Cell Res., 14
289 (2001).

. V. M. Virador, N. Kobayashi, J. Matsunaga, and V.

J. Hearing, A standardized protocol for assessing
regulators of pigmentation, Anal. Biochem., 270, 207
(1999).

. H. Mahalingam, A. Watanabe, M. Tachibana, and

R. M. Niles, Characterization of density-dependent
regulation of the tyrosinase gene promoter: role of
protein kinase C, Exp. Cell. Res., 237, 83 (1997).

. K Smalley and Tim Eisen, The involvement of p38

mitogen-activated protein kinase in the a-mel-
anocyte stimulating hormone ( @-MSH)~induced mel-
anogenic and anti-proliferative effects in B16 murine
melanoma cells, FEBS Letters, 476, 198 (2000).

H. Kosano, T. Setogawa, K. Kobayashi, and H.
Nishigori, Pyrroloquinoline quinone (PQQ) inhibits the
expression of tyrosinase mRNA by «@-melanocyte
stimulating hormone in murine B16 melanoma cells,
Life Sci., 56, 1707 (1995).

C. Bertolotto, R. Busca, P. Abbe, K. Bille, E.
Aberdamn, J.-P. Ortonne, and R. Ballotti, Different
cis-—acting elements are involved in the regulation
of TRP1 and TRP2 promoter activities by cyclic
AMP: pivotal role of M boxes (GTCATGTGCT) and



R B3 dabd YA oA 84 AEFE oA 33

of Microphthalmia, Mol Cell. Biol., 18, 694 (1998). 13. B. Sylvia, B. K. Smith, Zhou, and S. J. Orlow,

12. H. Kosano, T. Kayanuma, and H. Nishigori, Stimu- Expression of tyrosinase and the tyrosinase related
lation of melanogenesis in murine melanoma cells proteins in the Mitf*™ (Vitiligo) mouse eye: impli-
by 2-mercapto-1-( 8-4-pyridethyl)benzimidazole cations for the function of the microphthalmia tran-
(MPB), Biochimica et Biophysica Acta., 1499, 11 scription factor (Mitf), Exp. Eye Res., 66, 403 (1997).
(2000). :

J. Soc. Cosmet. Scientists Korea, Vol. 31, No. 1, 2005



