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ok & AFeA= B16 oY S AL AlEof|A Tl Ere| E(dipeptide) 8] Hebd A A3l E3E ATetich AE4
I WV (EHER-IH), WM (EHER-HA24), CQ (AZEIRI-EFEND & Hebd A4S 55 &8 o= T
A7 Zre E]’“E]fo]':b Aepbd g e S 2 ©A G491 Bfo] ZAV|o] Z(tyrosinase) 2] B4& AA
A7 A= Skt wheba] Bfo] ZA o] 28] WS AL, A A3 o -MSHZF =8 Efo] ZA| o] =
o] WV, WM, 7283 CQell &l JAEALE 7822 WV, WM, 181 CQ7} Efo]ZAdo]=2] A4 =4

(down-regulation) & &3] 2elhd AALS Aok AkE 4= 9l

Abstract: In the present study, we investigated the effects of dipeptides on melanogenesis in B16 melanoma cells.
It was found that WV (Trp+Val), WM (Trp+Met), and CQ (Cys+Gln) decreased melanin production dose-
dependently. However, dipeptides did not directly inhibit tyrosinase activity, the rate-limiting melanogenic enzyme.
Therefore, we further investigated the expression of tyrosinase. Our results showed that @ -MSH-induced tyrosinase
expression was down-regulated by WV, WM, and CQ. Thus, we propose that WV, WM, and CQ show hypopig-

mentary activity through tyrosinase down-regulation.
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1. M = U= fd@2hd (eumelanin) $37d 2 0]a1, Y& A2

2 @Azhd (pheomelanin) /34 Zo|th, Efo]ZAo] =

Webd & Weh A E(melanocytes) N4 GY=E §  (tyrosinase) T PSS Al 3-3 $3f Holzal

o =7 ok BAm 2 A(UV)e] o8] SrE BE= (tyrosine) = =3+ +=(dopaquinone) &% A ghsh= £

) (photocytotoxicity) o] T3t Blo]z el o sk-&- J=af3ic} AR A HWH SAIE Sojsio 2], azhd 34
[1]. Behd gyele 7 A o Azt 24ac s I =FES 29w (dopachrome) ©.5 A gk 3
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boxylic acid, DHICA) .2 A 3+¥t} Tyrosinase related
protein 1 (TRP1) #} TRP2+= faletd &S 43t
T} DHIS] T@RESS Ao 248 A4 ¢
Z-A o] DHI-melanin .2 v}t vbd, DHICA S =38+
H}.G‘_,O_ xﬂl,ﬂ_x]_a]:gq %7\1 ; ok7]_ H]—S /\HJ DHICA-mel-
anin©. % HRITH34]. o] 7 Edo] falepdo® vy
ot Fledehd Ao, o= AAH R (cyste-
ine) ¥} A E o] cysteinyldopas 7H=t} ] Uo7} thiol
H71&E 2] Absli= benzothiazine ==l 93| #l e
ghd AARS TR s e depd e SR A Al o] al
FEAdel Foketm o)Al Htele AbsHd gl
(radicals)& WHETH 341

o] gl e-EHUAE AS SEE(a-
MSH) tripeptide analogs: HElr-FIZ2E
(MCIR)®ll d&st] 54 #4432 hyperpigmen-
tary) &¥7F vk Zlo] B QTH5]. o] A4+ &
< Feo|=rt depd S 24 lvke AS ¢
3L Qltt fEfel =] nw g vtef tiair= & &
A2 gk, HE ATE B 4719 ofn|Ato®
‘J¥ FEto] =2 A 53] A WA opu|il 9l 7 HA of
uliAto] E]2Al i EFET| MEE 1, A A
ofulzrto] EYER U] WA ofu|zilo] ofErd o R
TAEE 4719 obvAto® FdE FEfo]Sef njul
w50l 5ol By vk Qiek6,7]. 22, ek ==
Zol7t doje| wpet ExpgFo] AR 1L, e wep AJak
THAL Adsete, Al Fapdo] Fastrg vhaA A
o7} #> FEPol =Tt f-&-3tkth

Hgete| B F 7HA 9] opm| iAo 2RE S E] o] gl
o] AFOE a7 7t golstrt AN T ERe| =2
A4 o)A & 3 hypopigmentary) o tiaid= A+
# w7k AL glok A, debd g/ ol A= 4009
7FA1 9] & t3Ele| =9 93-S A F 2] (screening)
S, WV (ERER-TH), WM (EfEFH-HA
). CQ (M&HRJI-2FER) 7F B16 Al3elA 37t
UTH=E A& dotwitt. Awst uhsel o] depdd g o
Al EolZA o] == 7HE Fash gaolnh whebA 2
Aol = tolgiEle| = = WV, WM, CQE °l-8-31]
B16 oS4 ALl ElZ A oA o] &4 oA g}
ol tish tholEto| Eo] kS glstaiat stk
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2.1, AleF & 717]

WV (2 303.36), WM (Z2H 335.42), CQ (&
A= 249.29) = DMSO| 599 stock solution (20 mg/
mL) % Bysielt 4 #Webd, o -MSH, 34-dihy-
droxy-L-phenylalanine (L-DOPA) %} BAl Elo] 2 A
©] %= Sigma-Aldrich Co. (USA)°IA +J&t3ith. Bt
O] ZAH|0]=(C-19) £} actin (I-19) ol sk &A= Santa
Cruz Biotechnology, Inc. (USA) A 143kt Anti-
goat IgG (PI-9500), anti-mouse IgG (PI-2000), 1|1l
anti-rabbit IgG (PI-1000) ] 3l ©]x} &A= Vector
Laboratories (Burlingame, USA) Z%E +9)s}ith
2.2, M= HHk

BI6F10 oS A%E MEE A 523 (Seoul,
Korea) oA F3FATh MXEE2 10 % (v/v) fetal bo-
vine serum (FBS: Hyclone, USA), 50 mg/mL2] strep-
tomycin, 50 ug/mL<%] penicillin (Hyclone, USA)©] 323+
¥ Dulbecco’s modified Eagle’s medium (DMEM:
WEelGENE, Korea) ¢4 5 %2] CO,, 37 C 3t wljks}
At
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M3 AE5H L2 crystal violet assay S ©]&3F0] =%

O_Lz

SFTE AEZE 24 h 2 WV, WM, CQS} 3H7 njekst
Z wx = AAS TS, 5 min B¢ AL Eo)A 10 %
olEb& M 1) 0.1 % crystal violet® QAT AL

J

T olF SRR 4 HojWla, K2 M) shekal
Q1+ crystal violet2 95 % o¥HEZ FE3IG UL SHE
+ 590 nmo|4] ELISA reader (VERSAMax, Molecular
Devices, USA)E o] &3te] S4sk3ith

sH) 7lgo}uﬂ B16F10 ilE: 6-well HHO AAlell 1

107709 =R sk wjeFatich. 18 th viXE phe-
nol red-free DMEMCS. 2 w3t & 1 mM «-MSH%}
WV, WM, CQE sEH=E Aglste] 72 h viestqict
wjeF & 2} A ZufoF A 200 mLE 96-well Bl A
o] ¥il ELISA reader® 400 nmolA optical density
(OD) #t= SHsqlct Axe

g~ haemocytometer
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Figure 1. Effects of dipeptides on B16 cell viability. After
B16 cells were incubated with various concentrations (1 ~
50 mg/mL) of WV (A), WM (B), CQ (C) for 24 h in
serum-free media, crystal violet assay was performed.
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2.5. EfO[ZA|H|O|= &Y &F

Efo]ZAUo] = &S DOPA AbslaAs @47 =
Attt WV, WM., CQ7F AAAQl glo] 2 A Y|o] =
44 oA G3E THEAE gRlsh] flske] FAIE
104 HA Bfo]|ZAY|o]|=E o] &-5te] S5}t
WV, WM, CQE ¥%§3F 70 mL phosphate bufferE 20
mL 53.7 units/mL WA E]ZAgolA]| e} &gt thS,
10 mL 10 mM L-DOPAE #7}st $ 37 TellA] 20 min
7 wjeFstar, 475 nmellA FHEE ST

2.6. Western Blot &4

M xEZ= AEL3)] 5625 mM Tris-HCl (pH 6.8),
2 % SDS, 5 % j-mercaptoethanol, 2 mM phenyl-
methylsulfonyl fluoride, 2231 CompleteTM protease
inhibitors (Roche, Germany), 1 mM NasVOs 50 mM
NaF. and 10 mM EDTAJ]CZ &8)A1# ). SDS-poly-
acrylamide gel electrophoresisE 3 #21 & 20 mg9]
Tzl o B A7) a1, gel AFQ] wrlA-S polyvinylidene
fluoride (PVDF) membrane® 2 %7 o3& 05 %
Tween 205 233 Tris-buffered saline®l] %<1 5 % &
A &2 saturationA1F T} Blot< 1 @ 100022 3|4 %
Mg dab FAES 7HA AL w1 gEt o] % horseradish
perox1dase7} AAdH o)z FAE Eo vttt B2

¥ A5 enhanced chemiluminescence plus kit

AlzellA dehd A AL
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Figure 2. Effects of dipeptides on melanin contents in
B16 cells. Cells were cultured with 0 ~ 20 ug/mL WV
(A), WM (B), CQ (C) in the presence of 1 uM @ -MSH
for 3 days. Melanin contents were measured, as described
in the Materials and Methods.

(Amersham International, UK)Z #H&3I94. A=
LAS-1000 lumino-image analyzer (Fuji Film, Japan) &
AHg-3to] gelslglTt

2.1. A
A3 e 3¥ o)A} wHEEle] HFgky) % 2= -8}
1l Student’s t-testell 23l p value”} 0. 05 ‘3] wkol 39

AR fo4 o Ao HFadth
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3. #@% o 1E

3.1. CIBEIOI=(WY, WM, CQ)7t MIZ MZEg0| 0|x|=
sk
| =(WV, WM, CQ) 9] FAAS R3] ¢

sto] Mz 545 veldli=rlel disiA Ade k3l
o} A /\154 9. /q]Joﬂ 1 ~50 ,ug/mL«] t]HAEelo| =2 z47].
3t 1 AlXE2] AEES crystal violet assay S ©]8-3}
of 4 stttk 1 A e AE AEES 100 %
2 ks W WV7F AlZAAES ] vA= 9 24t
HE oA thzr3 22 100 %2 AEES YERY o
Ao HAdo] gl AHoeR e o™ (Figure 1A),
WM CQ B3 WV o mpz7HA| & M 3Ee]] 543E et
=] eFskeh(Figure 1B, C). lﬂi‘ji o] L= o)A
eI =(WV, WM, CQ)E ©]&-3 tha Ads AA
skttt

3.2. CIEEI0|=7} Hetd Mo 0jx|l= I
s A9le RE o] 1 uMo] ¢-MSHE 7}
sto] Aebd o] BAS S & HEle]= 0 ~ 20
pg/mLE F7Fsto] wiekatelct 183 tx2] mela-
nin content®¥S 100 %= 7|2 o] 7t X729
melanin contentE X85t YeERAATE WVE A2
3 A9 ¢-MSHTHS ¥ oAUz HusE s
u] 5 ug/mL o]l A AA A2 melanin contentE 7
A3 3L (Figure 2A), WMS A28k 9ol - MSH
o 2] Z7}¥ melanin contentE RE oA A
A ZtH(Figure 2B). 18]12 CQ2 7% HAZ % mel-
anin contenti= AASFRA oY 5 ~ 20 ug/mLANA A2
FFEo R adt= Aow Yehth(Figure 2C).

3.3. Cell free systemOllA{ C|IEIO| =7} EFO|ZA|H|O|=
240l 0|l A&

tfeto] =7} Blo] 2 A o] =5 A 207 A3
X 7] 98to] cell free systeme] ©d t]Elo
(WV, WM, CQ)& A3t 459} + 74
A} ] =(WV-WM, WV-CQ, CQ-WM)& A
F-ollA Efo]2 Aol &S ST tlx2are
olZAMo]l= &S 100 %E SIS W 27
WV, WM, CQE At -5 Elo]ZAvo]= &Ao]
=3t 2ol 7k gle Ao® Yebta, 7 78 =%
sto] HElet A= v E dx2ad 22 ihs
Btk 822 WV, WM, CQE Elo]2Ado]= &

i
o % 5
ST

r
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Figure 3. Effects of dipeptides on tyrosinase activity in a
cell-free system. To test the direct effects of WV, WM,
CQ and combined dipeptides (WV-WM, WV-CQ and
CQ-WM) on tyrosinase, tyrosinase activity was measured
in a cell-free system, as described in the Materials and
Methods.

a-MSH (1 pM)
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Figure 4. Effects of dipeptides on tyrosinase expression.
Cells were cultured with 10 uyg/mL WV, WM, CQ and
combined dipeptides (WV-WM, WV-CQ and CQ-WM)
in the presence of 1 yM a-MSH for 48 h. Whole cell ly-
sates were examined by Western blot analysis using an-
ti-tyrosinase antibody. Equal protein loadings were con-
firmed by actin antibody.
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AR A o7 A siria 3 5 U Figure 3).

3.4. CIBEO|=7} Efo|2A] 10| =e]
st

x2S ALE BE HEe] ¢-MSHE 1 mM2 A
2l5lo] Efo] ZAJY|o] = 9] Wl & F7FAZ] H| T Elo]
=5 747 el 2 T Egsto] A Alxe] o]z
AlY]o) = WE-E Western blotS 3 =4slgct 7 4
7} o -MSH A5 &2 &gk tjx27¢] band X13}H7]
= "W o] Elo]ZAjo]=9] ko] A& A& & 5 9l
o, @-MSH2 5ol &3te] Efo]ZA|v|o] =7} Hol
W ES o = gltk ey o -MSHRF 288k o H]
sto] WV, WM, CQE 27 ¥ TollA & Efo|Z A
o]=2] "Wgo] 7t fAdhs AL B 7F At ¢

2340f| O|x|l=



ElHleto] =) Bl6 op4 %A

A8

o7k WV-WM, WV-CQ, WM-CQE At TollA]
= OS5 go|ZAdlo] =9 WEo] FhaE ity A& 40
2 G gele| =g Aeldk ol vlgte] 7 7He] v
Efo] =5 E3lsle] At A ZoflA Elo]ZAYo] =9
1EHS v JAR s d3E AoH(Figure 4).

424 E

A7 o] F72 Pl =rt AE vE 285
RHolFo] gt} tHEle] =& PGE,$} interleukin-1 3 7}
o}7] )= thermogenesisE & A|el= EHE Zt=t}al &
1EI[9], s dsh= AFoR M T4
3t 714 % 3}yl renin-angiotensin system®l A angio-
tensin-converting enzyme = Asle] g W=
SR AMET|E SHITH10]. B8k 54 tfjEte|=
(GQ)+= B-endorphin®=FEH WAdo=z FHd= o]
morphine®} A -endorphin®] oF7]13H= AETA|, 357]
Al AstddS A Aoz 4 90w, mor-
phine®| E38}= place preference, tolerance, depend-
ence, 18] withdrawals A= A& H %
UTH11]. $H8, glycines §H-rdhs tgEto| =7} 34
o] AR F HAANS o7 Akslasal poly-
phenol oxidase (PPO)2%] 84S AA|sl= Aoz o4y
A lem[12], imidazoles &= T ER| =7} 94
AEYA JEgo] gt fFEAE 2o 24 o] A
Aol gt =A% Whg, 9Fes), T8 oy 7HA] ¥
5o el gt #ojstrh= Aol v T 13].

2 AFoA= tfElo] ot Al A oA Wi
AE A AS BTk depd M4 P4
2F9) A o] A& o} 1] ] = endothelin 1 (ET1), @-
MSH= HI& thekdh Abo]E71<] (cytokines) /3%
AAF AL 9 Ageo] A5 wEv1] o -MSH=
MCI1R®l| F2+3Fe], cAMP A9 ©]¢] microphthalmia
T AARIZHMITE) @] F7he Ids w8l dehdd

ey
wtell A Hepd Az SolF] AARIALE Fash 9%
3 15]. 03 AFAS, MITF7} Elo] 2] yjo] =
S 738HA AFskaL, o121 MITFZE Wehd 34 o)
3 2EAYS dyF U316l B AFelAs
WV, WM, CQ7} Efo]ZA o] =2] Td-& TFAA 7)==
25 B3l o]8idt gy tgElo] =7 o -MSH
o} MCIR®] AgHs Wallste] cAMP s AT o=
A Efo|ZAM o] = B S Astota A7E| & 4 9l

k“f?.ﬁ]}\'] “élal—ﬂ *ﬂ"éiﬂxﬂz}% .

a1, wpebA] olef tigh A7} 50 o] Fojd F 7t 9l
o} 3H WVE AFE 1 pg/mLe FEAAM -
MSH7}F =3t dWehd BAS S7HA7]
Foltk webd sxo wE Wahd YA
wojo} g Zlojr},

Efo] ZA|Y|o] = HFE o= extracellular signal-regu-
lated kinase (ERK)$} Akt pathway 22 Az 2 gd314
o] #ax o] QIti17,18]. 1A ERKS} Akte] A=
Elo| ZAUjo] = W F7HE EllA] depd Al zeA] E
ghd S F7MAIZITH19,20]. wEbA] $12] ERKS}
Akt pathway 5ol WV, WM, CQ7} ot =
zhg-sto] glo]ZAjdjo]= S A = Aol b

M= TP RE Faolth

T ek Aagd e AR FERIES e
oM AR ddmd B} HAste] e =

24 &g¥a vk AEEAY] HAshs £39] |

5
=.
=
S

assay system O % ARg-3lo], Yhi= BESHA] = oFs)
A 24E velde SEES] 724 H¥S Tehe
Aotk tFEto|EE o84 & E® ARgsh=t 3lo]
7 A2 9] gololtt olE 5ol e
2& ZEgEtols 59 /92 tEte| =9} vl
sto] gAgo] Hidatar ool A = A A e
Al GAE Hole H QoA E S Holr] ofe¢-

o g g vl 7] wel] A g4e] Wojxick 5
A%k olg) nlastel TiAE = T Y ofulabe
AAsh= Zlolne A Ul $o] A7 WekA gror
gdol golahy] wlitel A AlZolc) wheby ulw &)
wol: Tl =e] A U o] 8L T RS
§3hs 2 Be B8 /B4 S A glon,
FolA elE vEe) 29| vwEHE o
2 AZE 7154 v anA A 5 e 2
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