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Abstract: Novel whitening agents were prepared using peptide-Natural origin compound derivatives. The peptide
could be an antagonist of MCIR and Natural origin compound were well-known material as a Tyrosinase inhibitor.
We also suggest the new assay method which could evaluate the Antagonistic effectiveness to MC1R using cAMP
signaling pathway. 24 candidates were synthesized and 11 peptide derivatives were selected by cAMP assay method.
To evaluate cAMP assay, the selected peptide derivatives were assayed to evaluate their melanogensis inhibitory
activity. At this work, we could know that the sequences which include -RW- have a melanogensis inhibitory activ-
ity, and cAMP assy could use as a evaluating method of MCI1R antagonist. But, to evaluate the whitening activity
of some material, cross-checking with melanin inhibitory assay method was recommended.
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claseE A 3IA 7] 11, ©] &4 %E adenosine triphosphate
(ATP)E cyclic adenosine monophosphate (cAMP) =
H3AZIG3]. ©] cAMP+= protein kinase A (PKA) &
A3kA] 7] 31, PKAE cAMP responsive element bind-
ing protein (CREB)< AAFsAA A stA1710H4-7].
71 TS0l CREBE microphthalmia transcription factor
(Mitf) 2] M promoter®l] 3+ cAMP responsive element
(CRE) domain®l A%stir[8-10], Mitfe] #de] F7¢
S+ O 2 M tyrosinase, tyrosinase-related protein (TRP)-1
¥} TRP-29] Wdo] Frhstri{6,11,12]. w&do] Srle
tyrosinasetx "MeEhd A9 A TEAIRI 27HES
Z+235l= A% A, tyrosinex 3,4-dihydroxyphenyla-
lanine (DOPA)Z H%8}+= tyrosine hydroxylase @43 7}
DOPAE DOPAquinone . % At3}d}l= DOPA oxidase
g4e BF 7HA A QT

71Eof+= o]#H 3t tyrosinase?] TGS SASHE AL
£ ~agdste] vuaAE Jhdshs A9 ol A
A5k, FH ol tyrosinase /3 oA #yk ofy e} e
AR, o, 2 5 o] @AM 7FS Ao R
A kst MAYS A5 S8l Boh aso] 5% v
WA e et = A-97F F7kekar lth

ol 2= Ak Aol A @-MSH AHA|9] 4
AA|F tyrosinasel] THS Ak 71FS HE
At v A E aste] Wt 13]. Tyrosinase
o] 43S Adfsl= FElo] =9 melanostatin (PLG-
NH,) 2 ofv]=At A Ldel[14-16] tyrosinase 4 #
& ~38dS 3 A E caffeic acid, coumaric acid
5 E£%]8}9 ™, o]+ coumaric acid -2 melanostatin
G=o® AREHS WEY o PdE a5s BRIt

oWl ¢AToAE= MCIRQ antagonist 52 7HA&=
Hepol = LS &&ate] AMEZR FEAE /staat
3F3tE o -MSHO] A 9® delx Q= HFRWE
7202 stof[17] 18} FARSE opw|iAto ® -5 o
AFAY A5 WA caffeic acid®} coumaric acid
= Aglslo] Mefol = FEAE TSR o]= MCIR
9] agonistQ! «-MSHE] UM LE &E3to] 1 M3t
& FASHEA o -MSHSH= O 725 7T ES A7)
sto] 23]¥ antagonist] &S st §F Aotk

Tyrosinase® 2&d-& MCIRE EA3E 3 o] Fo]
A, MCIRS MC2R, MC3R, MC4R, MC5R¥} &4
G-protein-coupled receptor (GPCR) ¢l &3t 842
A, cAMP pathwayE A=A|71t}, whebA, cAMP assay
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] Zelsh= d 482 & 9lon, 8= MCIRY an-
tagonist A5 2t Algf v E a8 oR HS
st7] 984 cAMPE o] &3t 7P & £t AlsE
A SSit g A ARgsh AT BI6F]
murine melanoma cells2A], ©] A|ZF+= MCIRS =4
o7 wddta 917 wjEel[18] cAMP assay A& e
2 3tatrt,
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2. MZ 2 diey

2.1, Al

Al o] AFE-E A]2E2 Sigma Chemical Co (St. Louis,
USA)AFE] AlES Fd8te] ARE-akalar, iR =2 ARS-gh
Dulbecco’'s modified Eagle's medium (DMEM), fetal
bovine serum (FBS)-2 Gibco BRL (Grand Island, USA)
= AMg3ltE Adenosine 3'5-cyclic monophosphate
(cAMP) 4438 R&D Systems (Minneapolis, USA)
9] immunoassay kitE ©¢|&3ste] At Bl6F1
murine melanoma cell A T2 (KCLB) °l| A
LRkl ARE-SFGIT

FMOC o} =4k BeadTech (Seoul, Korea) A+2] A
2 T35k AFESE 2.1, benzotriazole-1-yl-oxy-tris-
(dimethylamino) -phosphonium hexafluorophosphate
(BOP reagent), Hydroxybenzotriazole (HOBt), diiso-
propylethylamine (DIEA)+ TCI (Tokyo, Japan)AFe]
A &S AR A1, rink amide resin, 2-Chlorotrityl (CTC)
resine GLS (shanghai, China) AL #|#-& A8}
el ARgE AR EAQ caffeic acid, coumaric
acide TCI (Tokyo, Japan)A+e] A& AH&-38k3la, d
AFAFHEZ QL 4-hydroxyphenylacetic acid, 3-(4-hy-
droxyphenyl) propionic acid+= Acros (New Jersey, USA)
ARS] A& ARESFTH

= =5
oH-

22. 4

]

2.2.1. M= H{QF

A3 o= B16F1 murine melanoma M¥FE AlE-3}
Stk AT+ DMEM #i#]el] 10 % heat inactivated
FBS9} 1 % streptomycin/penicilline H 73k A& 7]&
WX 2 3Fo], 37 CTollA 5 % CO, 27 slollA AlE7}



cAMP A3 HEHYS T3 At AARA=

plate B}l 80 % F-2H2 w7hx] wjorsiu}

2.2.2. CAMP Mgl =3

AES cAMP B8%S =337l SIsiA BI6F1
murine melanoma cell& 5 x 10* cell/welle] ¥ E& 24-
well plateol] E5F3f0] 147F vljekst & ZF A5 58 o
A EEE A3tk 20 min AEE A okl Hl
A& AAsFL AEE PBS (phosphated buffer saline)
Z AlAHe & cAMP immunoassay kit (R&D systems,
UsSA)oll EEH cell lysis buffer (1IX)E ©]&3}o]
freeze-thaw W OZ A|EZE L3513} Al27t ¢4
5] gall¥l & cellular debriss A A3 38 600 x goll
A1 10 min g2 ste] &5 el cAMP = kit=
o] gato] AZsItt ¥ cAMPO k2 cAMP
standard & AHE-sto] A EF AAE o] &ato] A
skttt

cAMP inhibition rate (%) = [(A-B)/(A-C)]*100

A : o-MSHW A23S 4F cAMP 8%

B : antagonist @7} cAMP A/d %k

C : FAg ] cAMP A%

223 Wt MMz =H

Alze] Hebd RS 574371 984 BI6F] mur-
ine melanoma cell& 6-well plate®] 1 x 10° cell/well<]

SEE FTsto] 1941 mjke & 7 ’\]EE‘Q‘ A=
= AT Als A F 3R] XS PBSE Al
23}l 025 M trypsin-EDTA $d8o0 =2 ﬂ}%oﬂfﬂ w o]
o] 45312t} 2500 rpm, 10 min, 4 T A2 A4
L AEds v ke gol oz A AjH sk
$ F7tE dAEEE Jdste] A —‘1% A ABHA T
L T LEANM Ax

Wzl o] golo] ghuld i 3HolS 9 }oq o) 2}
g 10 L9} PBS buffer 90 ul, advanced protein
assay reagentE 100 uL-& WF&-3F] 595 nmolA] 3%
= 43t @A F 5= bovine serum albumin
(BSA) & ol&sto] 3 7S Adste] A &sdlch
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Melanin inhibiton rate (%) = [(C-S)/CI*100
C : o-MSHY A& 4¢ 535 #
S : antagonist F7M FF = 3k

2.2.4. Rink Amid 2|ZI0lA BIEIO|E REX| 4 2y
2 g-&o] 0.5 mM/g?! rink amid #17-& WHS-7]9] 7}
3}aL n-methyl-2-pyrrolidone (NMP) £vlollA 2 h &
ot AJAAE F, 20 % piperidine/NMPE 71314 30
min ¥H&-3ko] #l719] FMOCKE.Z 7|5 A A%} 98
AASE F, 20 % piperidine/NMPE @lZlo] 5018l Wt
&7] of thA] 7}8kar 1 h B¢k WESA|A Fuf thA] g
S AAF FH, #@¥S NMP, methanol (MeOH), di-
chloromethane (DCM) o.& Z}7} 33] A28t &, upx|uk
ol NMPZE ThA] AlHsto] ¢Jof ] ¥i-g-8-o-& A7 gict o]
IS 23] HHEsle] FMOC B3715 g2413] A7)
21] ¥E&71e] FMOCS.E ofyl wheto] HgH ofw]i
AH(218H7] 2] 293F) 7}, BOP reagent, HOBt, DIEAS 7}
Z} opmlAbe] 19, 199, 1.19%S 71skal NMP&
|ul= 715t H, 3 h &<t RE&-stt} Hbg-2] $4 2 kais-
er’s ninhydrin test& ©]&-8}o] 215}t 26]. HH5-7]
o] gols BT AAS #%E NMP, MeOH, DCM.©.
2 747} 33] Al H, vpA| el NMPE thA] Al# k3]
o} AlFo] e % FRl 20 % piperidine/NMPZS 7}&}
sk Argst Wy FYs RESS F8ste] FMOC
B35 AAE Hell olojA v&E 1 ~ 3F9
FMOCov|ierks 22 Wl o R ede] =gt
91} 2ol peptide’t =81E @zl HAFAN(FAH =
2 (Ag719] 29%), BOP reagent (o}u]xAl AJoka} &
&), HOBt ( O]'U]i}?l' Aok}l %) DIEA(o}n] Ak A
oFo] 1.1 &)< 7kl NMPE g2 718t ), 24 h
Bt HES-3ht} RES-2] FA 2 kaiser’s ninhydrin testE
|- &-3to] gelstitt
21719} 2+0] rink amide @R oA AxE HFAAA
HEPO)| = FEAE reagent KE o]43k] Lzl
o7 YxloA skt 27]. 8 E FEelE
= cold etherE ©]&3ato] AR 5 0 CTellA
sto] g3 wefakitt wed J‘EE}O]E A=A

= = 2494 cold etherE 20 mL 7}8le] A1

o
o

ol d
Mo —>H~' ok FE o:

>

M= S 33 WHESte] BEES AlASITE HE A
AES A7 B HEPlE FRAE 24 h B9t
EAAZ(FDU-2200, EYELA, Japan)3le] HEAAHE
o
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2.2.5. 2-CTC |ZloilA BEIO|=E F=X & di

Z2H&0] 0.5 mM/g®! rink amid#l|Z& WHS7]ef 7}
stal NMP gwfellA] 2 h &<3F W&AIAF F, FMOCL.
2 oyl wto] BT E ofu] AKX 271 9] 297, DIEA
(obu) Ak AJoFe] 11 G & 7Fekal NMPE £Hl= 7f
3k 5, 2 h &9k whs-3tt) W39 F42 kaiser's ninhy-
drin testE o]&3ato] ERlstiitt WHg-7]9] oS R
AAs L G- NMP, MeOH, DCM S 2 7}7} 33] A
2%k 5], wpx]uto] NMPZ tha] Al s3ith Al 2jo] ¢
59 @3l 20 % piperidine/NMPZE 7}t 1 h E<F
HSAIA Foh oAl §95 AAS H, d7S NMP,
MeOH, DCM 2.2 Z}7} 33] AlZst 7, wpxute] NMP
2 A AlHske] ole] REg-gHS A AT} o] ¥
< 23] HkE3Ele] FMOC X375 83| A3

919] Wh-&-7]o]l FMOCO. 2 opil wito] HEH oju|i
AH(R)E71 9] 293F), BOP reagent (o}u] Ak AJeks} =
Z), HOBt (o}v]icAk Aok} &%), DIEA (ob9]i=Ak Al
°ko] 11 F&) S 718kl NMPE €vl& 718t 5, 3 h &
QF WhS-3tt) WES-9] FZ2-2 kaiser's ninhydrin test &
o] g3te] FRlstiitt REg71S 9S BT AAS L
#1715 NMP, MeOH, DCM 2. & 7}7} 33] A3t 5, u}
J=2tell NMPZ thA] Al stgith AlA o] eks g Xl
20 % piperidine/NMPE 7}8tal b4 A st Wi 2} 5
J3k WhS-S &t FMOC X375 #7118kt o]
2 AR el 4% dipeptides 1thE S8}
Hell o]ojA] ThE 1 ~ 252 FMOC ofv|:eAke 7] 9}
2 o Yreof w3t

S}k o] 2-CTC &7 flell peptide’} =Q1 ¥ o] %ol
= 2239 rink amide R} ZF2 WP o2 R s}
o= FEAE A}

N
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¢
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Zan 9o nFE
1. MAHE HEOIE REAH B
Coumaric acid®} caffeic acid®ll FE}o]= o
24F° AAfd =4 Helolt fRAE AT
(Table 1). IAE HAFH=4 Fetol= FEA S =
=9} Bxge HPLC (Shimadzu LC-10Avp system,
Shimaju, Japan) 2} MALDI-TOF-MS (Kratos Kompact
matrix-assisted laser desorption/ionization time-of-flight

=2 ©
= -

rl
ol
-

mass spectrometry, Shimaju, Japan) & ©]&-3}o] #4135}
St} (Figures 1, 2). HPLCellXl A®-2 ODS column
(4.6 x 250 mm: Shim-pack)= AFE3}31 2™, gradient
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Tablel. Synthesized Coumaric Acid and Caffeic Acid
Peptide Derivatives

No. Sample M.W. Purity (%)
1 Caffeic acid-HSRW-NH2 7458 96.549
2 Caffeic acid-SRW-NH2 608.3 97.745
3 Caffeic acid-HFRW-NH2 806.8 98.878
4 Caffeic acid-FRW-NH2 669.2 98.835
5  Caffeic acid-RW-NH2 5214 96.327
6  Caffeic acid-RS-NH2 423.2 96.556
7  Caffeic acid-HSRW-OH 746.7 97.274
8  Caffeic acid-SRW-OH 609.9 98.844
9  Caffeic acid-HFRW-OH 806.8 98.053
10  Caffeic acid-FRW-OH 669.7 97.316
11  Caffeic acid-RW-OH 522.8 97.226
12 Caffeic acid-WRS-OH 609.9 97.601
13 Caffeic acid-WRSH-OH 746.6 96.348
14 Coumaric acid-HSRW-NH2  729.7 96.109
15  Coumaric acid-SRW-NH2 592.3 98.846
16 Coumaric acid-HFRW-NH2  790.8 98.645
17 Coumaric acid-FRW-NH2 652.3 98.761
18 Coumaric acid-RW-NH2 505.7 98.385
19  Coumaric acid-HSRW-OH 730.3 98.740
20 Coumaric acid-SRW-OH 593.9 98.602
21 Coumaric acid-HFRW-OH 790.7 96.877
22  Coumaric acid-FRW-OH 653.8 99.299
23 Coumaric acid-RW-OH 506.8 99.236
24 Coumaric acid-RS-OH 407.8 97.632

Z7AL2 0.1 % trifluoroacetic acid (TFA) H.0°lA] 0.1
% TFA Acetonitrile ¥%%& 30 min <% 5 %A 65
%% ¢ Ao®E som 452 1 mL/min® 83l
t}. MALDI-TOF+= YW1l iEto] = 9] matrix$l a -
cyano-4-hydroxy-cinnamic acid (CHCA)E ©]&3}¢]
=73kt

3.2, a-MSH Z=Z1¥ cAMP M2k H35}

MCIR] antagonist® A= 8|93t YA cAMP
A S =435tk MCIRS G-protein coupled re-
ceptor (GPCR) 24, cAMP pathway= Azt $-8l=
o] 7125 &&3sto] oyl AFelA e fFEAE B
o gayF o PGrpsk & s 7S sk
o= 94l melanocyteolA] MCIR®} Ag-sko] Hzhd 23



Sample Name : Caffeic-SRW-NH
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2 932 5506420 884 97.745
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Total 5633478 902 100.000

Figure 1. Caffeic acid-SRW-NH; HPLC data. Purity of
caffeic acid-PLG-NH2 is more than 97.7 %.

Caffeic-SRW-NH2

Data: <Untitled>.14 21 Jun 2011 19:53 Cal: 3000 Da 23 Mar 2011 17:43

Kratos PC Axima CFR V2.3.5: Mode linear, Power: 65, P.Ext. @ 5000 (bin 115)
%lInt. 72mV Profiles 1-6:

608.3

200 400 600 800 1000 1200
Mass/Charge

Figure 2. Caffeic acid-SRW-NH; MALDI-TOF data.
The molecular weight of caffeic acid-PLG-NH2 is 608.3
g/mol.

e SV diEd B4l o -MSHE A& sk,
cAMP7} Huj2 AAdE wje] ¢-MSH A& 21& g
Ikt

B16F1 murine melanoma celle]l o -MSHZ 1, 10, 50,
100, 500 nM 9] E5 7 Aelsla, 7 58 g A7
20, 40, 60 min©.% 3fo] Z}7ke] 3o wE cAMP A
e S8t T e A 4y, o -MSHE
100, 500 nM& Z+7} 20 min 2 -& wl cAMP A%
o] wj-g- fod A S7FeITHp < 0.01). «-MSH
A 5 2 A A7l W& cAMP A %S Figure

A eol= fEAl) v f A 279

Table 2. cAMP Inhibition Rate of Peptide Derivatives at
10 uM

No. Sample cAMP inhibition rate (%)
1  Caffeic acid-HSRW-NH2 37.3
2 Caffeic acid-SRW-NH2 38.0
3 Caffeic acid-HFRW-NH2 13.7
4 Caffeic acid-FRW-NH2 12
5  Caffeic acid-RW-NH2 -154
6  Caffeic acid-RS-NH2 -13.9
7 Caffeic acid-HSRW-OH -17.0
8  Caffeic acid-SRW-OH -0.2
9  Caffeic acid-HFRW-OH -20.1
10 Caffeic acid-FRW-OH 20.8
11  Caffeic acid-RW-OH 7.1
12 Caffeic acid-WRS-OH 14.8
13 Caffeic acid-WRSH-OH 41.1
14 Coumaric acid-HSRW-NH2 24.5
15  Coumaric acid-SRW-NH2 -6.2
16 Coumaric acid-HFRW-NH2 -5.3
17 Coumaric acid-FRW-NH2 -1.1
18  Coumaric acid-RW-NH2 -15.8
19 Coumaric acid-HSRW-OH -5.9
20 Coumaric acid-SRW-OH -2.5
21 Coumaric acid-HFRW-OH -15.1
22 Coumaric acid-FRW-OH 11.0
23 Coumaric acid-RW-OH 19.0
24 Coumaric acid-RS-OH -8.5
30l HER T

33. MAE HEIO|E REAH2| cAMP AHA oix|E T}
33t 24F 2 AARY FERl= FEAZF MCIRE
antagonist &35 Zh=%] &<ls}7] 3l cAMP A4 7
2 3395 =439l B16F1 murine melanoma cell®ll
HMePo)= F =4 10 uM2F @ -MSH 100 nME 20 min
gk Fo] MEF F53F cAMP A S glst
¥, a-MSHE @502 A PS o] cAMP A
o] 488 8 tH( Table 2 & Figure 3). Elo]=
FEAL TR AESAYE 2 5520 50 uM o5}l
Al A8 sEE st HFstelon, F 2452 e
ol A 71d o-MSH ¥5o 7 Ae3S wjrch
cAMP A ako] 7Ha3t Al87) 115, W2 cAMP A
Aol Tk A=t 13F0]Th cAMP A Z Tha
= HQl 1159 Al (Table 29 59 H+2)= MCIRY
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Figure 3. Influence of @ -MSH on generation of cAMP in
B16F1 murine melanoma cell. The error bars indicate S.E.M.

= 2): *p < 0.05:

120

*p < 0.01.

80
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6 4

RO T L IR B RN

% of control / & -MSH (+)

CECR N R

Sample No.
Figure 4. Effects of peptide peptide derivatives on cAMP
generation (The concentration of each peptide derivative
is 10 uM).

antagonist® 2F-3Fo] cAMP A A &S Hel A
o7 JaEy, Frdgor depd A4 dAaY A3
S Fo Agid AT IS FEA Ak

34. MAHA=E HEOIE A Hetd 4 Ax= 2t

e 2452 A= HEol = AT H A 2 A
9] a5 A E]lst] ¢4 B16F1 murine melano-
ma cell-& o]-gato] Wepd A4 A mIE IRk
B16F1 murine melanoma cell®ll FEFo] = 54 50 UM
9} @-MSH 1 uME 3Y47F A3t $oll A3EE F53}o]
Aepd B FE E%E Z7ste] Fekslch %
Efo]E A E 50 uM o732 FEolARE A=
& UERd o, JQH'O]E FEA A s58 H1 55
50 uME A ate] Adatglon, ¢-MSHE Wk A
Aol Az He 59 1 uME A3 tE o« -MSH
TEo 7 Aed I Vel JEelE FEAE A
Sk o] A Hepd A 7HA JEE Table 3ol Yk
uiglor, 7]Eel v a vzt glvkar 43l kojic acid9h

o ox %

uietalgdgeta] =), Al 378 Al 3 &, 2011

Table 3. Melanin Inhibition Rate of Peptide Derivatives
(The Concentration of Each Peptide Derivative and Kojic
Acid is 50 uM)

Melanin inhibition

z
=4

Sample

rate (%)
1 Caffeic acid-HSRW-NH2 =77
2 Caffeic acid-SRW-NH2 20.3
3 Caffeic acid-HFRW-NH2 294
4 Caffeic acid-FRW-NH2 539
5 Caffeic acid-RW-NH2 61.8
6 Caffeic acid-RS-NH2 7.8
7 Caffeic acid-HSRW-OH 9.7
8 Caffeic acid-SRW-OH 28.4
9 Caffeic acid-HFRW-OH -38.6
10 Caffeic acid-FRW-OH -18.0
11 Caffeic acid-RW-OH -4.1
12 Caffeic acid-WRS-OH 6.6
13 Caffeic acid-WRSH-OH 14.8
14 Coumaric acid-HSRW-NH2 18.6
15 Coumaric acid-SRW-NH2 -8.5
16 Coumaric acid-HFRW-NH2 55.8
17 Coumaric acid-FRW-NH2 12.2
18 Coumaric acid-RW-NH2 -18.5
19 Coumaric acid-HSRW-OH -10.6
20 Coumaric acid-SRW-OH -19.0
21 Coumaric acid-HFRW-OH -2.3
22 Coumaric acid-FRW-OH -40.3
23 Coumaric acid-RW-OH -2.2
24 Coumaric acid-RS-OH 0.0
Control Kojic acid 13.8

dWepbd A A AEE vlwekit) 2459 HERel=
A 7heHl, cAMP A4 24 g el dehd A4 <
Al 237} FAle] Sl JE]E F A7 650130
(Figure 5), kojic acide} ®ehd A4 oA a371 FAF
StAY -3k 555 AESHATH Table 39 &9 F-i).
0]52 MCIR® antogonist® &3] cAMP A&
9 & Bl Al S AT 7Fsdo] =k o]
= Pl FEA4= RW((WR)A LS 23381, o7]
A RW(WR)AM @] o-MSH7F MCIR®l A4S 2he
= 3t A GAE 5T 5 ATk
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Figure 5. Effects of peptide derivatives screened by
cAMP assay on melanogenesis inhibition (The concen-
tration of each peptide derivative and kojic acid is 50 uM).
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