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2 2k gt w2z S 918+ tyrosinase] S HAIS= HAET alpha-melanocyte stimulating hormone
(a-MSH)& Adfieh= Feto| =8 A AAE 1A AAHOE A2t 1,2]. Tyrosinase &4 A &50]
e AAFAEAS 71E Q75 Ao E AAssion, olFelA Aslst ¥ &4 17l thell Mushroom Tyrosinase
2 A a5 F4s1, 1 T caffeic acid, coumaric acidE AEsFAc) FEO|=E o -MSH #H]E JA|shH,
tyrosinaseZ-& JASt= Ao Z 4% melanostating A7k 9w [3-5], PLG-NH; (Proline-Leucine-Glycine-
NH;) SollA FEAIst =52 At 9oz o= = Proline (Pro) 2] A Y-S o} oju| Ao 2 WAshHA XAEs
HAEQ! coumaric a01d9} caffeic acidoll =48I T3t HFEH ] AVE I_’E:] 3o acid-amide FENE acidFEl =
Azt FEAE Fskh ol& HEte| = fFEA =0l tidli4] Bl6F1 melanoma cellollA1 €] Hehd A4 A E5&
Hrtste]l FEASE 4o 71E AAFHELY HEfo] =0 Hlgte] H2 AaE M= S RIStk

Abstract: Derivatives of a novel natural compunds, melanostatin (PLG-NH,) were prepared by solid phase synthesis
[1.2] and assayed to evaluate their melanogensis inhibitory activity. Also, a small library (natural compound-
XLG-NH,, natural compound-X LG-OH) was prepared with same method for increasing synthetic yield and
cost-reduction. PLG-NH; (Proline-Leucine-Glycine-NHz) was well-known tripeptide as its @ -MSH release-inhibit -
ing activity and tyrosinase inhibitory activity[3-5]. In order to choose best candidate for peptide derivatization, vari-
ous natural compounds were screened by their tyrosinase inhibitory activity. As a result, caffeic acid and coumaric
acid were selected. Most of these derivatives showed better activities than the parent natural compound, melanostatin.

Keywords: melanostatin, caffeic acid, coumaric acid, melanogenesis
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Fol7] flste] AP E fEfe| =0 AN Foll AAFlE
Aol £el¥E= 291 N 2wk Proline (Pro) & th&
Z7} Ve oln Ao & ubt o] ZS library S
Azsrge) C-dgk B2 T amidations X8| Lo
acid FEHZ A3t library = A Z3FR o, =8| 2+2zt
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2.1, Al

Al o] A% A]l2E2 Sigma Chemical Co (St. Louis,
USA)AFS] AlES )8t ARg-akalar, iR = ARg-st
Dulbecco’s modified Eagle’s medium (DMEM), Fetal
bovine serum (FBS)< Gibco BRL (Grand Island,
USA)E A3 Y B16F1 melanoma cell $h= A3
T =3olA EeFutol AREERITE Fmoc ofv| Ak
BeadTech (Seoul, Korea)AFe] #1358 -qlsto] AMg-3f
1 © ™, benzotriazole-1-yl-oxy-tris-(dimethylamino) -
phosphonium hexafluorophosphate (BOP reagent),
Hydroxybenzotriazole (HOBt), diisopropylethylamine
(DIEA)+= TCI (Tokyo, Japan)AFS] #l%-S AMH-&F31 L
Rink amide resin, 2-Chlorotrityl (CTC) resin< GLS
(shanghai, China)A}Fe] A&& AFE3ATE g o AL
H AAF-HNEAQ caffeic acid, coumaric acidi= TCI
(Tokyo, Japan)AFe] AlF2 ARSI, HAFA=Z
Q1 4-hydroxyphenylacetic acid, 3-(4—hydroxypheny1)
propionic acidi= Acros (New Jersey, USA)AFS] #|3#%S
AFEEFE 0, melanostatine  ANYGENAH Kwangiju,
Korea) o] A|35-& AHE-3F3ITH
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2.2.1. Mushroom Tyrosinase &4 x| =3

WAl tyrosinase A A &= Jang[24,25] 52| ¥
s HYsto] AFESIGITE olekge] &alst A s &
o] AJEEAE 96well plate®] 2+ welloll 50 ulL® 21
0.1 M sodium phosphate bufferell =<1 Al tyrosinase
(2500 units/mL) 50 uL2} 10 mM2] L-tyrosine 100 ul.
& ¥tk plateE 37 Cell 10 min &3k RE&AIZL
ELISA microplate reader® 475 nm°ﬂ/\1 TAEE 54
A h Tyrosinase &4 A& (%)< 31712 o] &3}
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Tyrosinase & Ad&(%) =
(1I-A8ENe] FH /2T 53%) * 100

222 M HiQF 3l Wb MMEF X

Ao A8-¥ B16F1 melanoma cell 10 % FBS%}
1 % streptomycin/penicillin®] 8 7+e DMEM® A& A}
&313lem, 37 TAlA 5 % CO, 7oA wljeksto] Af
Lak3ich Aldiaiele B16F1 melanoma cells 6 well
plated] 3 x 10° cel/well?] X2 #F3 F 19 Hof
7t FEEs dAEERE Al 24 AlZE A4k
458N (pH 74) 2% A3kl 0.25 M trypsin-EDTA
GHo® Higrel|A] wojujo] 533t 2,500 rpm, 10
min, 4 C 0% A& & FS54ES B2 Q)
AbrEgolo® A A H sk & Frte AR E KT

r_{

of FFUe AZNAG, F5R ALE A2F F 1IN
NaOH + 10 % DMSO-E-9 500 uL-& 57}k 5 60 Cell
A1k B FPstel Behds ol Wehd g 5l
A% 470 el FYEE SHshgon, GBI

_‘1

f-M 3 yL¥ advanced protein assay reagent= 300 ul.
S HES3Fd 590 nm 1 min oWl SF=E S4sAch
wgald == 1 9% Bovine serum albumin (BSA)S 9]
e
(e}
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2.2.3. Rink amid 2lZIOIM BIEIOIE REA & gl

2 3H&0] 0.5 mmol/g¢l Rink amid #HE ¥H-&7]9
7}8kal N-Methyl-2-pyrrolidone (NMP) €mellA 2 h
2o} WEAAZ . 20 % piperidine/NMPE 7}5ko] 30
min ¥r-&3ke] 429 Fmoc 235715 A7 et} &84S
AASE F, 20 % piperidine/NMPE @lZlo] 5018l Wt
S71°] thAl 718kl 1 h B3t WESAIA Foh oA g
S AA 5, #%1& NMP, Methanol (MeOH), Dichloro-
methane (DCM) 2.2 Z}7; 33] AM|F3st H, wlx|ulo
NMPE thA] Al Hste] ¢Jofo] w-g-g-H-& | A3t o]
4S8 23] WHEEle] Fmoc H37]15 #H438] A A3k}

219] Wk-$-719] Fmoc O & opvl weto] HFw ofr]y
AH(218H7] 2] 293F) 7}, BOP reagent, HOBt, DIEAS 7}
7} opmlAbe] 19, 199, 1L19%S 718kl NMP&
Gul= 7het 7, 3 h EF WSt Whg-0] FAL kais-
er’s ninhydrin test& ©]&38}o] 218}t 26]. HH-5-7]

o] gNG B A At @lH-S NMP, MeOH, DCM .2
Z}z} 33] AlA 3t ), vpxutol]l NMP2 thA] A& sksich
AZo] ¢tz #xlel 20 % piperidine/NMPE 7}3}aL
ok A3t W 3} HA3E W8-S a5t Fmoc B3
715 AA S Feoll o]ojA v 2F2] Fmoc ob7] e
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2.2.4. 2-CTC 2Tl BEIOIE F=A &4 4t

% gkgo] 0.5 mmol/g¢l Rink amid d2-& WHE-7]9|
7Fstal NMP &ulell A 2 h <t HEA AT F, Fmoc o
2 oopgl ko] HEHE opm:AH(X|EH7]e] 29,
DIEA (e}w]iAk Aloke] 11 9%)-& 7hskal NMPE &
vj= 7}st H, 2 h <t 9hs-stth wEE-0] A2 kaiser's
ninhydrin testE ©]-8-3to] gRlIstqict vEg-719] &M
25 AlAS %S NMP, MeOH, DCM .2 7}7} 3
3] A3 H, vk o] NMPZ thA] Al F sk A1
o] &tx ¥ X 20 % piperidine/NMPE 7}8t22 1 h
St WEAIA T o] &S AAG H, X
NMP, MeOH. DCM & 22} 33] A|H 5k ¥, wpA| o]
NMPE thr] AlFste] Jofo] nh-g-§-Hg |7t o]
& 23] WHEE] Fmoe 3715 3] A A s}

$2] HES-719] Fmocl. & o}rl wWeto] HgE o]y
AH(2131719] 2933), BOP reagent (o}u]i-At Aleky} &
&), HOBt (o}m]eit Alek} F8F), DIEA (o] Ak Al
oke] 11 @Eh) S 7keta NMPE gm& 713F 5, 34]%h
<t Wk} RES-2] FA 2 kaiser's ninhydrin testE
o] gst] FIs3ict RSV &dS BT AASIL
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Z7S NMP, MeOH, DCM S & Z}7} 33] A28t &, v} Table 1. IC5 of Natural Origin Material in Mushroom

Auko] NMP2 thA] AlHelsich. Al=o] ghad #jzle]  Tyrosinase
20 % piperidine/NMPE 7}stal ShA A st W 3t & Sample name ICso (mM)
Do = AWstel Fmoe RE71E AU, 5 el Control Kojic acid 0.118
olojA] T 152 Fmoc obv|iiks 22 WO R ¥ Control Arbutin 0.183
Zlof| =]l gk}, 1 D-(-)-salicin > 25
18} o] 2-CTC X 2]l tripeptide”t E41%# ©]% 2 2.5-Dihydroxybenzoate 2.938
o= 22329 Rink amide #RX ¥ & HH o7 s} 3 Methyl-2,5-dihydroxybenzoic acid > 25
o] HMglolt ST AS A} 4 trans-Cinnamic aldehyde 18.085
5 4-Hydroxybenzoic acid 2.733
- 6 trans-p-Coumaric acid 0.012
3 gﬂl‘ E A 7 2-1;"uraldehyde > 25
8 Caffeic acid 0.037
3.1. Mushroom Tyrosinase & & St 9 p-Coumaric acid 0.005
Tyrosinase™ melanogenesisZ- oA Fo3F I3k 10 3-(4-Hydroxyphenyl) -propionic acid 2.757
e @4F d#A 9l oH, tyrosinase] B3-S A 55 11 trans-Ferulic acid 0.559
AL 29 JEom Fh nw FHO Zt- X So) 12 4-Hydroxyphenyl acetic acid 2.537
ol eiA glow, A4l YA ORE o] Abge] 5 o primaldenyde .
) _ ~ B 14 Genistein 0.147
2L SUe Tyrosinase®] #2 A3 g =s tohiir] #13iA 15 Quercetin 0.109
mushroom tyrosinases ©]-&3lo] HAE9] tyrosinased 16 Galangin 0.107
AC%) Xﬂ%ﬂ @E% ]J—J—L %7]":5]'93\]:]'. }By?j ﬂgoi 9\/1"1_:‘ ;:ﬂ?j 17 Psoralene > 25
FalEd e AR =4 fA 725 3 =
Aol th3le] mushroom tyrosinase A4S Wlw H7}sk i D /N CLRER
A3} coumaric acid, caffeic acid?} 7)ol o] 45
11 %)+ kojic acid, arbutin 2.t} tyrosinase&4d #J3] &3} J . g o
7 Hold Ao ® YeRskow, 50 %°] &3S Adlehs
ICso@te] 0.0059F 0.037 mMS YJeERfIT) $1 B4 §
9] tyrosinase & A3 &= Table 19 A23}ch 2
32. Hei2 HEOIE REF B =

02

i

Coumaric acid®} caffeic acid®ll FEFO| =5 =415
3259 AAfFd =4 el FEAE AT
(Table 2). ZAE HAFH=4 Fetol= FEA S =
E9} #2182 HPLC (Shimadzu LC-10Avp system,
Shimaju, Japan)2} MALDI-TOF-MS (Kratos Kom-
pact matrix-assisted laser desorption/ionization time-

1

5 1 15 20 25 30 35

Detector A
(230nm)
Pk # Retention Time

of-flight mass spectrometry, Shimaju, Japan) & ©]-&3}

o] ¥-41519tH(Figures 1, 2). HPLCoIA A#dL ODS : s
column (4.6 x 250 mm: Shim-pack)S A}&slgom, ‘ e
gradient 0.1 % Trifluoroacetic acid (TFA) H.O

o4 0.1 % TFA Acetonitrile =% 30 min <25 %
AA 65 %2 8+ AR 3o §452 1 mL/min
Z 3k9ith MALDI-TOFE 9uHAQl $Efe] =9 ma-
trix?! @ -cyano-4-hydroxy-cinnamic acid (CHCA)E

Area
24043
6938021
156150
11179

Area %
0.337
97.316
2.190
0.157

100.000

Figure 1. Caffeic acid-PLG-NH, HPLC data. Purity of
caffeic acid-PLG-NH; is more than 97 %.
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Table 2. Synthesized Coumaric Acid and Caffeic Acid
Peptide Derivatives

Name MW Purity
Coumaric acid-ALG-OH 405.5 96.6 %
Coumaric acid-GLG-OH 391.4 978 %
Coumaric acid-VLG-OH 4335 98.0 %
Coumaric acid-ILG-OH 4475 98.7 %
Coumaric acid-PLG-OH 431.5 %1 %
Coumaric acid-LG-OH 3344 98.0 %
Coumaric acid-HyP-LG-OH 4475 932 %
Coumaric acid-GLP-OH 431.3 98.8 %
Coumaric acid-GLG-NHz 391.0 96.3 %
Coumaric acid-VLG-NH> 4331 94.4 %
Coumaric acid-PLG-NH; 431.1 90.1 %
Coumaric acid-LG-NH; 3337 94.2 %
Coumaric acid-HyP-LH-NH> 446.7 95.7 %
Coumaric acid-ILG-NHz 447.0 955 %
Coumaric acid-GLP-NH; 430.7 96.5 %
Coumaric acid-ALG-NH, 404.7 939 %
Caffeic acid-ALG-OH 4215 996 %
Caffeic acid-GLG-OH 4074 936 %
Caffeic acid-VLG-OH 4495 992 %
Caffeic acid-ILG-OH 463.5 978 %
Caffeic acid-PLG-OH 4475 99.3 %
Caffeic acid-LG-OH 3504 949 %
Caffeic acid-HyP-LG-OH 463.5 918 %
Caffeic acid-GLP-OH 4475 96.1 %
Caffeic acid-GLG-NHz 406.1 95.3 %
Caffeic acid-VLG-NH: 4489 96.1 %
Caffeic acid-PLG-NH; 4469 973 %
Caffeic acid-LG-NH> 349.5 9.1 %
Caffeic acid-HyP-LG-NH> 462.7 96.6 %
Caffeic acid-ILG-NH> 4624 95.4 %
Caffeic acid-GLP-NH; 446.5 92.0 %
Caffeic acid-ALG-NH> 4205 9.3 %

33 HMAZE HEO|E REAC| Het HY A at

Mushroom tyrosinase &4 <A 7} 38l ty-
rosinase &4 JAE Zte AAES coumaric acid$}
caffeic acid® A3kl of 7ol efo|=F E]Ist 24t
=49 melanin B4 JA G55 ST HE|=
5 )3t Alqf v E4o] 7129 coumaric acid, caf-
feic acid®.t}h Hebd A Asjaxrt folds dAd
% thH(Tables 3, 4).

NH2-GLP-Ca
Data: NH2-GLP-Ca0003.H17 26 Jul 2010 14:07 Cal: 500 - 1500 1128 10 Aug 2007 7:37
Kratos PC Axima CFR V2.3.5: Mode linear, Power: 42, P.Ext. @ 1000 (bin 62)

%Int. 259 mV Profiles 1-11:

446.9
100

200 400 600 800 1000
Mass/Charge

Figure 2. Caffeic acid-PLG-NH, MALDI-TOF data. The
molecular weight of caffeic acid-PLG-NH: is 446.9 g/mol.

Table 3. Melanogenesis Inhibition of Coumaric Acid and
It's Peptide Derivatives at 50 uM Concentration

Sample Inhibition %
Coumaric acid-ALG-OH 153 %
Coumaric acid-GLG-OH 429 %
Coumaric acid-VLG-OH 313 %
Coumaric acid-ILG-OH 411 %
Coumaric acid-PLG-OH 452 %
Coumaric acid-LG-OH 446 %
Coumaric acid-HyP-LG-OH 223 %
Coumaric acid-GLP-OH 174 %
Coumaric acid-GLG-NH; 33.7 %
Coumaric acid-VLG-NHz 424 %
Coumaric acid-PLG-NH» 471 %
Coumaric acid-LG-NHp 453 %
Coumaric acid-HyP-LH-NH, 413 %
Coumaric acid-ILG-NHz 42.3 %
Coumaric acid-GLP-NH; 26.7 %
Coumaric acid-ALG-NHz 20.1 %
p-Coumaric acid 232 %
Kojic acid 138 %
Melanostatin 131 %

1.4 B

Coumaric acid$} caffeic acidi= tyrosinase €73 ]3]
#9E 714, B16F1 melanoma©lX €] melanin 447
23p7E A8E FREA FolA Holwtth Coumaric
acid®} caffeic acidel ®ehd S FESH= S2E O
7 47 o-MSHO| W&S Asety, A1 0Z ty-
rosinase®] B/ Adlet= ad= 7= e =4
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Table 4. Melanogenesis Inhibition of Caffeic Acid and It's

Peptide Derivatives at 50 uM Concentration

Sample Inhibition %
Caffeic acid-ALG-OH 39.6 %
Caffeic acid-GLG-OH 314 %
Caffeic acid-VLG-OH 4.7 %
Caffeic acid-ILG-OH 428 %
Caffeic acid-PLG-OH 414 %
Caffeic acid-LG-OH 211 %
Caffeic acid-HyP-LG-OH 314 %
Caffeic acid-GLP-OH 282 %
Caffeic acid-GLG-NH; 379 %
Caffeic acid-VLG-NH: 444 %
Caffeic acid-PLG-NH; 464 %
Caffeic acid-LG-NH> 41.0 %
Caffeic acid-HyP-LG-NH, 423 %
Caffeic acid-ILG-NH; 437 %
Caffeic acid-GLP-NH: 171 %
Caffeic acid-ALG-NHs 334 %
Caffeic acid 156 %
Kojic acid 138 %
Melanostatin 131 %

melanostatin (PLG-NHy)& =3t dAFd=4 3
ol Al HAFdEdold HAetolt v £4
o} debd A A sHo] STk Ae @
FEefo] =] A9t celloll Sl protease"ﬂ
o Al Fal=7] wiel I &5 FA7F oyt
[22]. 3FAIRE A E FEA2 A5 fEfol =2 Ngwt
of AAfFHEHo] E=YEUY] el 7|2 FEpol=
o Hlall proteaseoll thet HgAde] S7fetol 1 dehd
A oAl mso] dtE Ao® BRIt 23]
w3 HAFHED F59 H$ tyrosinased] &5
AAeh= s7HA 9] 714k 7 AR SEfo| EE =41%
of et o -MSHO| '2&-& Aslsh= 7]s°] 71371
witel Webd A oA sHo] Frks Ao % Ktk
Tables 3, 4°] A7}5 BH 712402 2] melnosta-
tin A€l PLG-NH,&] N&tef| caffeic acid4t couma-
ric acid® = AL A debd A As &
5ol 22 464 %9} 471 %= 71ES) HAf B
Hl&l 1 G50 BFEASS & 5 Utk o7l nju
A5 2o AE3}e] 7HsdE 20] At amidation® Bk
= 1 A9 acid FEIE FAS 72 A O AE &5
o] ZY7y 414 %S}t 452 %= EEl 1 7bs s B
AT FAFHELL B &S FHAI717] st

=0 z‘;ﬂ\:—]
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A3} -

OH

Tz
T
3

(a) (b) (©)

Figure 3. Structural similarity of Pro, Ile and Val ((a)
Proline has rigid ring side chain structure; (b) Isoleucine
has symmetrical side chain and it make similar environ-
ment in @-amino position carbon structure with Proline;
(c) Valine has symmetrical side chain structure also).

712X L] Prog v ofv|ieate )
2 Aol wpet depd As) geo] ]E 3t
gk 28R 3E AR AT olF ofv| = ,
Valine (Val) 3} Isoleucme (Ile)e] 71&9] Pro } of
Behd A3 &5 FEaIE Btk o= ol 7 of
vkl Pros) vlssst 2 BY 5 e AVHHE
7HA1 3 Q7] Wit o. 2 ke ch(Figure 3). Val] 749

ring F2ol7] Mo fo HAIF Hiol G4 4
HAu, T ohvliare] @A Y R Aol 3
do] Fhsaty) wEe] 184 Eatch s, Valst Tie
o B9t Y o] HA st d% oY Hol7)

o) 2o Pro$} B3 3 Hol= AHog muwE)
a8a 7P F 8% ro Z}Xﬂa ekl ol caffeic
acid4t coumaric acidE %% Q-olt}, ol 77+
41.0 %S} 453 %°] #Ehd E 3 “xﬂ e BojA 7
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