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Mechanism of Melanogenesis Inhibition
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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, 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 B16 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 inhibition effect of melanoston was found
to be related to the inhibition of intracellular activation and transportation of tyrosinase, which was observed by
immunostaining of B16 melanoma using anti-tyrosinase aniibody. From these results, melanoston was regarded as an
inhibitor to the differentiation of melanoma cells.
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DCT+ eumelanin®] 4o ©] Zo) BAE 3t Aoz ¢
HA T2, 3). 71E Y EAEL 87| wE 218
A FAG 2bekA), vitamin Cub Kojic acid, ¢%-8) T3t 2
& tyrosinase A3 A, T4 A4LFL 2AE EILAE SO
2 258 4 3tk 284 olg EFES IF dHAY &
A& UehiVIx st R FE 482X Aol HolA]
© 5 AAE AEEAY ARRo] o FHol Ao AZE
i EA o] sido] Wasditty & & it

B AFgME ERAA E8§ melanostonoletn FHEH
dzid B35 A EF 2§ 7HS #sl7] 9% A
ol AF7HA] ¢HA dWepd YA 717 oL 2o 9
A 2] A}EE e keratinocyte’} a-MHCS} -8 Alo|E
glele FH)ata Alo)EFFLIo] melanocyted] FRAE EA
3A17)8 o]& <l&l melanocytel] cAMP7} Z7ish £719
cAMP9)| 9]3 PKA (Protein kinase A) 243}, MITF
(microphthalmia  associated  tramscription  factor)  AlAd,
tyrosinase 415712 0]} t}(4-8). Endoplasmic reticulumo]]
A A= tyrosinsaes Golgi bodyolA] glycosylationg& A3l
% melanosome 2.2 ©]F3HA Hedl o37)A oAl PKC
(Protein kinase C)o] &J3F A3} (activation) AL HHok
H24 dabd dAo] AlFEY. = WO Z melanocyte=
AMEZA GNAQ] actin filament] T4 ojs) F& 44
AE7] (dendrite)E 2= dendritic cell2 MEe)7t vlHA
Hed ol#dt HeHEE AXof 49 U= keratinocyte =
AR dehds5S ) 2E 4 A @t gk melanoston
9] ZH47]H0 2 tyrosinase®] & A, glycosylation <A,
tyrosinase EAJ3}eiA), A4 dzd EWYA F& A ¢
9ot B A e Bl6 melanoma HTE o|&3le F&
tyrosinase 47 43 2L AT FYeugs FHPH0R 2
Ao 1 A¥ melanostono] Bl6 A|X 3ejH el
tyrosinase  EA3E I e AR gtk welA
melanostonS-  a-MSHe| 23t Bl6 AT Rzl A
melanosomeol| A &] tyrosinase EA13}E Aoz wWald
AL dAlEte AoE BTk

MET U =

Al Al-83t melanoma A|EF BI6F10L EtA|EF o
FoFRE FFEUTE AEFE
essential medium (DMEM), 10% fetal bovine serum, penicillin
(100 U/mL), streptomycin (100 pg/mL) (Gibco BRL, USA)-S
A AL 7EuAZE de] humidified 5% CO., 37T
incubatoro| A Alt] ks Ao AT

Melanoston&  FAFFEETEA 234 AL AR &

Dulbecco’s  modified

FPFE AELAITLZRE AFUken  «MSH,
arbutin,  L-3,4-dihydroxyphenylalanin ~ (DOPA),  synthetic

melanin, sodium azide, sodium dodecyl sulfate (SDS),
phenylmethylsulfonyl fluoride (PMSF), aprotinin, Nonidet P-40
(NP-40), p-nitrophenyl-a-glucopyranoside (PNPG), isopropanol,
DMSO, NaOH, HCl &2 Sigma (USA)A|E-S ARE3LECL
Mouse tyrosinase®} TRP-19] carboxy terminus® A3 %H
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polyclonal antitybody aPEP73}, aPEP1 “18]1 human DCTE]
carboxy terminus antibodyQl oPEP8hE Dr. Vincent .
Hearing (NIH, Bethesda, MD)2.23XE A F2o} Western
blotting®l] AHE-3FHTHY).

x|

Az dahd dF 249 918t 6-well plates] 1 x 10%¢]
57 HZE platingdla 19 2% & 7+ 24L& srEz 3
7vate] wiekstgih widko]l i F 1,200 mpmolA] SEFL
AHEAE HABte] o 2 x 10° Fxo AES FH5ahgich
HEE 15 mL capped tubeEZ 7|3l phophate buffered
saline (PBS)Z 4, FAEEE 23] HA3ATh 45dE
AA L, Fo E&4S Uehe Hehde H3E Yoy
7] 93l 1 N NaOH/10% DMSOE H713l v} 65T %
AA 2A1ZE FF MY olF 405 nmoA FEEE F
78} 3. synthetic melaning ©]-&3} standard curves} B} W3]
dabd sheks A@stgrt. B16 mouse melanomao]A «
-MSHWS 718198 wjel #siA|¢l arbutin, melanostons
BAlel 2718t E W el melanin $3¢] AFhA wis)
7+ ZALSATHIO0).
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Tyrosinase &4 =3

Tyrosinase &4 DOPA oxidase #Al-& 2A3
UehRTE debd e S48 2 hHeE A
e & typsin® 2 AEE Wojuln 94REE 44
th. 3|45 AFE PBSE 23] A, YAEHSHTE A
£ AAF Z single detergent lysis buffer [50 mM Tris - Cl
(pH 8.0), 150 mM NaCl, 0.02% sodium azide 0.1% SDS,
100 pg/ml. PMSF, 1 pg/ml aprotinin, 1% NP-40, 0.5%
sodium deoxycholate] 5 H7}eted 4TColA 2087F ¥-2-A1H
AEE lysisA|Zith Y& F& cell lysate 1 mLg}
reaction mixture [0.1% DOPA in 0.1 M sodium phosphate
buffer (pH 6.8)] 3 mLE EF3} F2ex 60837 k&4
Atk ¥k&o] B4 ¥ tyrosinaseo]| 93] DOPAZRE A5
= dopachrome?] %42 373 490 nmoj|A] FFEE =33
A3 tyrosinase Ao 2 veh AT

)
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Western blotting2 oj&sl HWA =X

AZE 100 mm dishel] 1 x 10° cellse] HE2 platingd}e]
20zte) Aj 7t BAES WIS 29 B WS
th Hioke] B & lysis buffer® H7}5lm 4To)A 205 0t
SAZAY. cell scraperz 3] lysisE=E &l 15 mL
tube® 271 ThS, 12,000 rpmold 55 ¢k Q4IRS 4
A cell debris & AASAD. AFW vude] FEe
bicinchoninic acid (BCA) ¥HoZ AAsHoen, oz
50 pge ©)43}d 10% SDS-PAGEEZ AA3 Ytk #7|9%
o] £Y X nitrocellulose membrane (0.45 um, Schieicher &
Schuell) & A}E-3}4] electrotransfer (50 mA for overnight)3}$]
t}. Electrotransfer7} £} blotting3}7]9]] 9k Ponceau SE
Agetel gul=Al HfEA FRlsgch
Nitrocellulose membrane-2- blocking solution [PBS-T with 5%
skim milk]o. 2 AL 1A]7t ¥H-3-A]Z{t}. Primary antibody

transfer7}
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L

+ mouse tyrosinase®} TRP-1, human DCT2] polyclonal
antibody (from rabbit)q] Z}Zt «PEP7, aPEP1, 12|31 aPEP8h
£ o]&3}49t}. MembraneS blocking solutiono]] 1 : 10009]
=)A 528 Z+7te] primary antibody$} Ao 24|3F ¥hg
S AA3I4T. PBS-TZ 1584 43] 4413191, anti-rabbit
HRP-conjugated secondary antibodyZ blocking sol’'no] 1 :
20008 345l 177 WA whgo] £y ¥ PBS-T
2 2088 43] 4434t Protein  bandE  enhanced
chemiluminescence (ECL) system (Amersham Pharmacia
Biotech, UK)$} photographic film (Kodak, UK)E o]&3}
UERR AT L, 12).

mBNA =X

Melanogenesiso] #ToJdl= BEAQl tyrosinase, TRP-1, DCT
=9 mRNA levelo)*] melanostond] ]33 W3S dolH 7|
{3l RT-PCRE 533151

RNA extraction

6-Well plateo] 1 x 10* celiso] =]A| plating3}3L 4847+ 7
B F oFATR HUEHA %¥e AL () controlE,
melanogenesis stimulating agentd) o-MSHE A &g A& (+)
control& 3}l &Asluz e AMAE Aot 2447k
o mjoksldth. Total RNA £&l= RNA gents® total RNA
isolation system kit (Promega, USA)E o]&-3}a] #A|ZA}S] W}
Holl whg} AABIE. &, AEeige 73 o2 PBSE &
A8} denaturing sol’'n 400 pLE F7iste MRS F3j4]7]
2, 1.5 mL tubeol] &7 2 M sodium acetate (pH 4.0) 30 uL
g A7ksgth RNAY Balv} QoluA REs 2459
E35}aL phenol : chloroform : isoamyl alcohol (25 : 24 : 1)
49 300 ULE H713 F 102 F<¢ A3 vortexdlF &
A 158 F< 71T 4T, 12,000 pmejA 208 5
g YAEHE AT g AFdE F5Edd.
Isopropanol & 5% (v/v) A7} F 47T, 12,000 mpmolA o
Al 108 ¢ d4E2st] RNA pellets 23Utk DEPC A
2] 75% ethanolZ A& 3 T2 nuclease-free waterol]
pelletS ¥tk RNAS %9 A¥E Hitachi U-2000
Spectrophotometer (Tokyo, Japan)E ARE-3le] AsefArso ratio
24 gAs
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RT-PCR

First strand ¢cDNA 3FA)2 total RNA 2 pg, 1 x M-MLV
reaction buffer, 0.2 mM dNTP, 200 units®] M-MLV reverse
transcriptase (Promega. USA), 100 pM oligo-dTi7} HEZ
E§3tr & volume 50 pLE FA3% 3 PCR system 2400
(Perkin Elmer, USA)& ©]£3}] extension : 37C 60%,
denaturation : 95C 5% A3P34ch

PCRE cDNA 2 pL, 1 x amplification buffer, 0.2 mM
dNTP, 1 unit®] super-therm DNA polymerase (Hoffmann-La-
Roche, Canada), Table 12] oligonucleotidesE 2Z}7z} 1 UL, &
volume 50 pLE XAsl A¥EHPtt PCR AL
denaturation : 95C S0Z%, annealing : [tyrosinase®} TRP-1 :
56T, TRP-2 : 64C] 203, extension : 72TC 20%=2 & 30
cycleS A3

PCR products= 1.5% agarose gelsollx] A7|F52 AAE
% ethidium bromide (Et-Br) staining$ 3}¢] UV illuminator
(Vilber Loumart, France)® #2153}tk RNA2] integrity:
mouse P-actin mRNAS] 3l primerZ o} &3} FF¢l13tHct
(13, 14).

PCR-ELISA

PCROA ZZ5 cDNA %<& F#3}7] $i5to] PCR-ELISA

= e AR Agddnh o wye 2¥A S
biotinylated primers¥} digoxygenin-11-dUTPE FA|o] A}&&}
o] PCR products® FAdstgin Zuiz FATHE o] L34
detectiond}i= o]tk 43 cDNAE 10 x buffer, 10 mM
dNTPs, 0.5 mM digoxygenin-11- dUTP (Roche), 1U Taq
DNA polymerase and tyrosinase primers¥} 430] Z<% volume
o] 50 w7t AEE sgch It L fdA 2P
PCR method$} SU3}A 433814t Coating buffero] 50 pgf
ME aviding %< ¥ Microplate (Maxisorp Nunc)o)] 37T o)
A 2A7F ZEAAHD 30 424 T blockingS $13}e] coating
buffero] 9HE 2% blocking solution®. & A2oflA 2x|7+F¢t
"Xl A) 7t} Biotinylated PCR productsE 3% bovine serum
albuming ¥ 33} PBS (PBS-B)Z 3|43} loadingdtr A&
oA 1A)7FESH ¥ A e PBS-T (0.05% Tween20E3H2
Al ¥ $A3 5 PCR method 12 39 025 M NaOHZ A+
L0 1087F ¥Hx)3ted denaturing AT FA F 10

Table 1. The oligonucleotide primers used to amplify the portions of the gene of melanogensis related enzymes in polymerase chain reaction

Gene Primer Seguence Position Product(bp) Gene bank
tyrosinase 1 Biotinylated forward 5’CCTCCTGGCAGATCATTTGT3’ 911-930 61 X12782.1
Reverse 5’ATCGCATAAAACCTGATGGC3’ 951-972
Digoxygened probe 5’ATCGCATAAAACCTGATGGC3’ 951-972
tyrosinase 2 Biotinylated forward 5’CCTCCTGGCAGATCATTTGT3’ 911-930 235 X12782.1
Reverse 5’GGCAAATCCTTCCAGTGTGT3’ 1127-1146
Digoxygened probe 5’ATCGCATAAAACCTGATGGC3’ 951-972
GAPDH Biotinylated forward 5
. Reverse 5’

Digoxygened probe 5
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pmol/m{ digoxygenin-labelled probes& X33} hybridization
buffer® welld 100 u# loadingdled 42TollA 2A)7Hz<t
WtSAlZth. 2§ Anti-digoxygenin  AP-conjugated antibody
(Sigma)E PBS-Bej 1 : 30000.Z 3B|AA|AH 7} & 37C
oA 1AIZFEQE whe-A|ATE 1 M diethanolamine bufferol] 5
¢l 0.1% pNPPZA Ah&oflx 3087k ¥hA3}ar 405 nmolA
ELISA readerZ Al8-3}o optical densityS &3tk PCR
method 29] 7-$-oll= denaturing®} hybridization2] #}3-g {1
o2 #F anti-digoxygenin AP-conjugated antibodyS *]€]3}
Hon 2o Wy 1 FH HAL Hex HAg PCR
method$} SY3FAch

gdsnjd A

HEFehe] WstE AR 8ke] 25T-flaske] 5 x 10%0]
HA MEE platingdt 24Ato] Z#}E ¥ melanoston9}
arbutino] FH7bE WA 2 wEate] 4847 Hg3IATE Mk
o] U WiXE AAsta PBSE 23] A F Hu|Ho
2 BASFHIS). FFEnA BEE AT o 2ol
2|39} 24 well plateo] plate™ 10000712 cell2- loading
F F 4847 Fo) HYHGG WA WAS AAST PBS
2 33 washing3tt}. o]o]A PBSe| paraformaldehyde <}
SucroseE 247} 4% FEE =o]i 37CE pre-warming3l 3
10~158-7F AoA] fixationdtth. ThA] PBSE 524 33 &
Eo] FHA| washing3th 0.25% Triton X-1002.2 5837F X
g il YA PBSE 5EXR 33 washing ¥t} Blocking-&-
Goat serumE 10% 2 3]A3)A] 30827+ Ax]3}a1 1st antibody
(PEP7-Polyclonal rabbit antisera to mouse tyrosinase)= 3%
goat serum solutionol] 1/4002 3)As)A 4T overnight 3t
tt. oA PBSE S5EHA 33 washing ¥ 2nd antiboy
(Anti-Rabbit IgG FITC Conjugate)E 3% Goat serum solution
o 1502 3 3087 A& incubationdltl  2nd
antibodyE ] 2]8}HA] EA]] DAPIE 1 ug/ml TEZ A,
counter staining& v} vix|zte g PBSE S5E¥ 33
washing& 38131 FHgo] A% & ¥ © washing 3l
Mounting mediaZ A}8-3] mountingS ¥t} Mounting media
T 10 ul A= AME-SET bubbleo} A7)1A] REE Fofgich

2n o 1%

Wajel Bty Xfa

Bi6 A2 wjelA Z|Zujzvhe AMEE AL control2
31l 100 nM9] o-MSHYHS H7Eer A, 181 o-MSHE 3
7F8t HjAo) arbutin, melanostons FEEE HJ/IEIEE o
dzid g4 Al AEE =A% ch. Melanogenesis
stimulating agent$] a-MSHE A28t 7% Bleo] 3] 44
¥ dad =%+ controld]] HI3) 80 pg/mlol A 304 pg/mlZ
Z7etgem od7)d AsAQ) arbutin®} melanostonS 8 &
Aol H7FEIHE AS 136 mgmLe] FEo)A ZHz 130 u
g/miz 111 ug/ml o8 Jeh} o-MSHe ol&f 718 Haphd
%] 0% A=V A4 =R dapd 3 Adfwel ¢
& Aoz PEE S HKFig. D).
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Figure 1. The inhibition of melanogenesis in B16 melanoma by arbutin
or melanoston.

Tyrosinase &4 =X

i & XsiHE Hrtelds AP LEt= tyrosinase &
9| vis}

vjokele] a-MSHE 718 u] Aol arbutin®} melanoston
S H71el 48417 w3 & MEE RElsla AEE FE
3 AHE & A2 AL A9 tyrosinase B/ HEE 2
Avated Hgity, 1 Ad Fig 20| 4 A% tyrosinase competitive
inhibitor2 €& arbuting F7}g AS AE o] &4
3} tyrosinase®] o] 3 AIE WA YT EgE
ety whEe] melanoston® ¥ & FelE AL
Adets Ae & 5 UUeH 272 pg/mLe] FEA 33%
Axe] FAo] 7HA3IH
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Figure 2. Inhibition of tyrosinase activity by arbutin or melanoston
measured in the B16 melanoma cell culture. Arbutin or melanoston was
added at the beginning of cell culture.

HiQF & arbutin} melanoston &JIA| tyrosinase &9
5t

Melanoston®] arbutin®} 22 tyrosinase A FHBAQNRE &
3tmAl o-MSHYHS A j3te] wjdg Ble AE s
arbutin®]1} melanostong- 323} tyrosinase FAHEE ZA}
3ttt Fig. 39432 arbutin® tyrosinase &4-& A sfate
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Ao g YeRd o} melanosiond FEE 1.36 mg/mL7}x] &
JINAL tyrosinase TAJo] WL}E ko] gE ASE UE
Wk oleld A#AE %31 E w) melanostond tyrosinase A
AL obd AoZ B 4 Qith
014
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-
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ATDutinte §nt ] Melanostonlz fnt]
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Figure 3. Inhibition of tyrosinase activity by arbutin or melanoston
measured using the cell lysate of Bl6 melanoma. No inhibition of
tyrosinase activity was observed with melanoston.
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Melanoston-S vj%F o A7F3IHS 7A-$ tyrosinase T4
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tyrosinase @30 the AUH AT UehiA ko
2 melanoston®] tyrosinase] A& A7} obd Ao w Ty
tyrosinase 99 ZArt &4 EHZe Hgld 93 AUA
2 #stmA stk =3 melanogenesis BH FA F F
28 28< J& TRP-1, DCT] gt w@F i3
melanoston®] EIE FA)o] FALSIGTHFig. 4). 71RB) X9
a-MSHE 20, 50, 100 nM& H7}stge o) 2+ 5459 &
dFe] WIS panel Ay JERRIDE A E4HE B2
65-75 kDa®] ZL7}Z 7}A|H protein marker2X 1 $AE
&tk F A9 bandE JERE AL 4 F5AE
glycosylation Fejol] tisiA FA7F e AoZ AT
Tyrosinase = a-MSHE A #s%S W] 20 nM o)A 7
controlol] H3] HA3| W] F/8lE RE5S HEE
Qe DCTE B3 AFgS Yok 221 TRP-19)
£ o-MSH| 9|3} QistgFo] & Ao]E HolX= sttt
Panel (B)= a-MSH (100 nM)$} EA)o] arbutin® melanoston
2 TEEE AHYIHe o Z a4 wHFEF HIE XA
3}t). Tyrosinase®] 739 melanostond]] 2]3j4 #s)& 2
Aom Ve oy abutind] M e 238 FVIF EEs
etk DCT 94| Bls:g A4S vepy ot TRP-9 ¢
£ band9} FAV} UF Fol Stz gelEty] ofz ik
wtegbs 2zt protein band Bio-Rad Fluor-S system2 ©]-83}
o] density® =73} rH16). Fig. 4+ bandE  scand}o
densitometry units© 2 ERE FHolth oA B uie} ol
tyrosinase, DCT2] 7-$-= o-MSHo|| 9&) wWé=ko] Zr}sly
o1 TRP-12 controld} & #jol& JehlA] g&s &
2}l Melanostono] 72§, H7g o) w2} a-MSH] 2}3)
Z7}% tyrosinase W& FFo] 20% AL ZAde AL=Z g
wyoun, TRP-1& §eMdo® ¥HE A 2] melanostond]
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e waPel aste ANY veitert aMsHol ol
27 +A7L A7) BEd) 2 ANETE Yon AR
DCT+ tyrosinase®} H$=gt #3lE B o melanostond 272 1
gmL A715 A$ AEdA L controlitiy wre ko
Yetyth Arbutin®] A9 #AE i @iy Qe
tyrosinase competitive inhibitoro]7] wj¥-o A &AE) s}

A $94 Qe BAE] P2 Dol & YA

210.
0. ':# Cantral
% [T &+ ants
; 190. Molanar wnmd =2
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! m S
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£ frzra
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Figure 4. Western blot analysis of the expression of tyrosinase, TRP-1,
DCT in Bl6 melanoma treated with arbutin or melanoston. (A):
expression of tyrosinase and tyrosinase related proteins by a-MSH (B):
Lanes 1, non-treated; lanes 2, with a-MSH (100 nM); lanes 3 to 5, a
-MSH (100 nM) and melanoston (27.2, 136, 272 pg/mL, respectively);
lanes 6 to 8, a-MSH (100 nM) and arbutin (27.2, 136, 272 pg/mL,
respectively). (C): the result of B was replotted in graph.
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Figure 5. Effect of melanoston on the expression of tyrosinase mRNA
by the a-MSH treated B16 melanoma.

PCR-ELISAHE 0|23 RAAl Wal=xxH

Tyrosinase®) mRNA %8  F& 2579059
PCR-ELISAHS o]83te 3o 43 w8 dyPsio A
A= Fig 59 2tk #A B169] 100 M2} o-MSHE g
g W tyrosinase L GFo] 198% 7+ F7+eE% tHeontrol
7} ¢-MSH B]i). 22|31 melanostonS 100 pg/méo] TEZ
wjoklo] A7} 7F tyrosinase mRNAS] wzpe of
72%7F #2233 200 pgmeolME o 109%7F s
PQQF 3EEZL tyrosinase FHx WPE JA e &2
2 g8A Jom B HHoM 100 ug/mld] == a Ao
A7VE 7S tyrosinase mRNAQ] W& o] oF 4% A3
31 oolald ZAAAE oMSHE HahA] &e AdE U
Egon 100 pgme FEE wYdo] HANE AS G4
44%9] FHYF Favt Udegth F o) 494AnE £
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® B16 #jekdol] melanostond 200 pg/md FEE X
7B 10~20% W19 fxAh g @id 0y oA adst 9
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Figure 6. The effect of arbutin or melanoston on the morphology of B16
melanoma (A), Control; (B), 100 nM of a-MSH; (C), a-MSH (100 nM)
and arbutin 200 pg/ml; (D), a-MSH (100 nM) and melanoston 200 u
g/ml.
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Figure 7. Fluorescence staining of tyrosinase in B16 melanoma treated
with arbutin or melanoston. (A), Control; (B), 100 nM of a-MSH; (C), a
-MSH(100 nM) and arbutin 200 pg/ml; (D), a-MSH(100 nM) and
melanoston 200 pg/ml.
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