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Abstract: Bioactive peptides (BAP) showed excellent cosmetic
activity than bio-materials such as caffeic acid (CA), gallic
acid (GA), and nicotinic acid (NA). Caffeoyl tripeptide-1
(CT-1) is a BAP that is stabilized with Gly-His-Lys (GHK)
tripeptide and CA by using Fmoc solid phase peptide synthesis.
Digalloyl tetrapeptide-19 (DT-19) is stabilized by combining
Lys-Glu-Cys-Gly with GA and nicotinoyl tripeptide-1 (NT-1)
is synthesized by GHK and NA. According to experiments,
CT-1 has an excellent anti-oxidant function even with a very
small amount of 10 ppm CT-1. DT-19’s tyrosinase inhibition
activity has the better effect of about 28.57% in 0.01% and
33.33% in 0.005% of concentration and about 7.89% in
0.001% concentration than vitamin-C. In addition, NT-1 is
safer than the NA. Almost BAPs like pal-KTTKS, acetyl
hexapeptide, and copper tripeptide-1 have the anti-wrinkle
effect while DT-19 and NT-1 are applicable for potential
BAPs focused on the whitening effect. The three kinds of
BAPs like CT-1, DT-19, and NT-1 consisting of amino acids
are safe to the skin, and have more excellent stability than
bio-materials which are found to be unstable and cause skin
irritation. Due to the high biological activity of BAP in the
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field of skin care, its utilization will increase constantly.

Keywords: Peptide, Bioactive Peptide (BAP), Anti-Oxidant,
Cosmetic, Skin Care

1. NE

T5 Y =3PA| A QJekadt s Tl oAt
FTHAR] Feo|=F o] &ste= o] HoAHA v
olgt} sPEtokellA] Ete| ol gt 38k A=
Al EoluaL ot [1-2]. Al el =7} gE Aol
welEo] oJokE o HElo|E S EEo] AREE ] ghoLt
FE|E s220] AV 5= AFS] HelrAleld F= (3]
st QI3 Aol vhE Aol Rlto] e A
A7} o FAAA] Sot AT T B FAI7E B
of wpe} ARgo] - AgkE it HEfo| == ARHFo® o
W o] 7 AdEQl ofmlAto] 5070 ofstR AvtE Q=
oligopeptide 5 A7 Oom Tzl g] 553 BEs8H4] 24
= Hol= A el =dolth 71 el S Alxag el
o F ¥ 2 7 FE B 8, A 58 Aol
AAE o] ghort eto| =7} 2 &ies) Sd® Q1AW
A Wt o) sl QP do] frstar Q1A K18H4Q1 JiEle]
=9] sato] Hojutar glow [1] &< (anti-inflammation),
A28} (pigmentation), A|¥52] (cell proliferation) 3} A|3E
©]'& (cell migration), A% F¥ A (angiogenesis), A7
2 T (innate immunity), MAZS] 7125243 (extracellular
matrix synthesis)2] ¥l Zolol|x] feto| =] tigt 147}
Ehaks] ZeE L Qlok [4]. FHell JidE A ol AEEA
FIE}O| = (bioactive peptide; BAP)= ]9} 42 A3 3}
L7 4] oY 7 EAIR S siAskEA st ok



484

Korean Society for Biotechnology and Bioengineering Journal 26: 483-490 (2011)

A g Qe a1 BAE Q1A=L QIok [5]. I vE-
22 BAPC] 715 % cellular messenger©l] st A5+
7 #olr [6] 2009\ mI=e] - A7AN] HEOo®
APl gl I ulg- Al BAPE 2501 50% oty
Q3L [4] T8 e X9T Feill Pl H=IE S8l
T} [5]. Caffeoyl tripeptide-1 (CT-1), digalloyl tetrapeptide-19
(DT-19), nicotinoyl tripeptide-1 (NT-1)<> Fmoc 7|1}k 314
A FlEfo|= 349 (solid phase peptide synthesis; SPPS)
5 o]gslo] FZo 7k AlE2- BAPOIT} CT-1- caffeic
acid (CA)°ll Gly-His-Lys (GHK) tripeptideS A |70
DT-19%= gallic acid (GA)®l Lys-Glu-Cys-Gly (KECG)Z NT-1
< nicotinic acid (NA)°ll GHK tripeptide S $1/d3}o] A2
s Z47He] 9 R v gaEmA 5AS dotHsit

2. 9|5 u] g @A Aol =9 FH

SlEfo| =7} A st Ag|EA] o= QlEl el = Azt
7S A G4 Gzt Al g o] gitk [7-10]. FERI=
+ WA RTE 717} Ao} glekARl M o ® A2
3l TRRFSE plasmodiume: WHE717} BlwZ] &1 A17]
Aol S 7 AL Stk Sl Mo R
I3 Rt AV AN, Ta nAPY F49W
I3 S £33k 739 (convergent synthesis),
11 chemical ligation © %2 3}8} M&) dk-gof o3 B
o= S APAI7IE W) o] 8-Htth SPPSE
Fmoc/tBUE HFFCE &t 7|520] o] 85|31 3lom [11] vlo]
=23} (microwave) 713 o-§skAY EAFo] & HElO]
EE ] Slall sl f17] SiE o887 |% s
9l 2009 Declereckel] €3 €7 €1 gl& HElo| =
IS whatsto] g Aol AR A o= fEto| s
AT 7 e Ae dof F3UT [12]. Helol== A
O 7 sl A Sl |7F ol ar Aol wal 7}
W] Jojupr g W A B]-go] AiA} o BlwA
Hlgo] go] E= whdo] QS [13]6%E E7stal of|wike
2 739 JEfo] B a2 v 5] sk f13o] Ao
™ RE7F Ao AW F40] H#] ok dEle] Tsg o
Ehlli= SAOR QI8 AAt kR 7)5o] 2 Filo]
etk FEe| =2 7] UV 5=, Al=el R A AY
slsk4 glo]B ] (chemical library) Bo= Ak} A %5t
e Fa) AR FERl=2 BiE S 9o [14-17]
A= A e S8l A HAefel=e] Ayt S
siet, 3 mgtofellA] A8 o] B vt 2ol
A 3EFE Lol 72 55 a9E 7RI (18]

A, signal peptide =X ezl S SoskAL vl
= S 51 collagenasel| 23l Sefzllo] EallE= As
AAstct. olggt Feo| B AREAEE A% A=3tal
MMPsE- 9} #|5= Lys-Thr-Thr-Lys-Ser (KTTKS)2} GHK
57} & signal peptides©|t}. IF-0] w3} #HS =57
HaliA Aoz s Ap=ste] e S sy
Zepllo] 3} (hydration) == 25 SAlsh= ®Ho] Qich.

¢

Ml Moyl r
AEO oL
J_lziﬂ
2 3 e

i

Agjetaow wgke] tiEs @Rl T AT A
S A=O% QI JN- 9|7} QELO R AR HA A E]
b A e 5 ABAES] JES osATE
WS olgete] 59 RAS Al FEE Zlolst
B A v [19]. HERl=e] 8 s A
FOMEE A=Fsh= A o2 AepAEI9] chemotactic =M1
oA AL Val-Gly-Val-Ala-Pro-Gly (VGVAPG)Zh=
Hefo| == Aok Ee] F28 FIg Ao E
AR T2 FERO] =2 Matrixyl“0]2h= o502 2]
1 Q= e E= Ao bHEe]| Q= Al 18 Zehile] A5
27122 KTTKS HER] =0l palmitoylated®! pal-KTTKS
ol Fehal S FHSI} [20-24]. ThFS W EY A
w5 @i o] ZEpla Aekarl o] Faf ek o] gl
7] wiizel 9 =3kE JAlskE W F st 55
7420 AAAE Ndshk= Zolth. 1 F P47} Tyr-Tyr-
Arg-Ala-Asp-Asp-Arg (YYRADDR)o|H] o] Hejo] ==
procollagen-C proteinase s A2 Fepzll FalEEE
A AAIZIT} [25].

A, A7 25 Al 258 755 AAlste] 174
T5S £95 T neurotransmitter-effecting peptide©| ™
HEX (botox) 2 22 @75 UERE= fjEfo| o) B
A AAAES A9s] Ahdste] 75 1A E e s
o R HEA FALQHO] ARRE o] Lot =4 [26]W
ol A F-2g-3 g ko] A|Eeo] 7)€ ojujolH {15
O] 75 9 A7) xpghE]o] A1 32o] vhe
A kobx gafe] A1 7FA| AL QlE}. Acetyl hexapeptide
(ARGIRELINE®)= BEA A 9] 7113} fAFsHA 2
Sakal viEs BEAR A A B0 H)E A=
s Aol 5 dslell s T A0 ERlE
ATt [27]. ©] =EZ HEA ARk g I BE v
of 8ol Hn HEA FAF QM dAF R vehd
T U= FAgo] flof FdsHA AREE T Qe V1A A3
o]t} [28]. H3F Acetyl hexapeptidei= SNAP-259} 7524 ©.
2 ARIA 25020 ARAGER HHE JANT] AL
SO R Qs HATE WS WAste] BATES
ofif3} gkstol] Lol Hrhk= ARdo] A Qlvt [29].

ANFA O | 8L 412 il AAEe] Qa1 A Al
732 synapsethi= TR AdEo] AAY w4 WESH
T}. SNAP receptor complexi= VAMP, syntaxin 2! SNAP-25

= o) fJal] PAE 35 ERtAlelr o] HikAk= Al
AGEA=Z YR vesicle] neuronal exocytosiss 23}
T Q3 BThE (membrane protein)© |t} [29,30]. Acetyl
hexapeptidet= SNAP-259} 752 0% HALSE B2 = SNAP-25
2} AR o7 #8510 snare complex 2] TFE WPA7|H o]
snare complexi= AVdAGHELS G4 0= WEehA] St
B F5950] oRlA|A] o] ISl o3t d=e] =
WIS AT ks st I thE = catecholamine
o] HgAtel 5 FAAIZI=H acetyl hexapeptide7t
catecholamine &] YIRS AAAFI 0 F 50| 52
AaEl] 5] RERAR] 5] g8 A EE TES A
AA T2 WS Allske A= @t [31.32].



Me|2r MELO|= 0| TIR0|8atN S U

<]

=2
S

485

MAY, carrier peptide©]™ T2]8} 22 wES EHh=
Fejo| =2 3] o] 29 cofactors X2 O]%
A1t} TripeptideQ! GHK = AFE2] plasmaciA] ]
wlom ] ol A Agst GHKE A% HE]—O]
A i TH}OF TEE depd FAe Aefshks
01 2] ZAsel Adsls 985 $t}. Copper Tripeptide-1

AR doll, 3 'goﬂjﬂ A IA fFefe] HA Fete]
‘:O]‘ﬂ 7Hgjo] et =] T2l =4lo|tt. o] 5“‘5]0]
© dljellx] 1 AdE FElE EAEH, 204 A

L o2k 200 mg/mL A% EASR} w3l Ko fﬂ%}
72310 60410 ©F 80 mg/mL O 7 7 NS HolA
HT}. Copper tripeptide-12] 7|5 0.2 AlF5EA|E o]t
R WS S7A71AL glycosarmnoglycanJ ST} ]
5 SR 3 TS AR T = 2 A
= AR AN 22 A s S &
T} [33,34]. &ESF copper tripeptide-1- superoxide dismutase
9} decorin¥} 22 & WAL F7IAT) AL ferritn © 2 F-
B Akspdo] whAupr k= Zls mrom 15 AlelE 71R1”]
TGF-B1, tumor necrosis factor alpha, IL-1- SAstal
AR QISH MIZ EAF 9 A ©hASE uhom whulz o]

glycations &1} [35,36].

(a)

- Hwﬁiﬁ; Mﬂﬁ:i

HO

Fig. 1. Chemical structures of (a) CA (b) GHK, and (c) CT-1. CT 1
is synthesized from CA and GHK tripeptide by using Fmoc solid
phase peptide synthesis.

3. Fmoc 7]8ke] 1|4} Welo)| = FAPHL o] &3¢
Hlol.2 27| o) ¢33}

AEAUNL] Aster tiab k8] 2lslo] e A= &
A& A st ZXP rbEZ T terpenmd alkaloid,
flavonoid 5% &% = 3lon 1 Fol wehA Ak
ﬂ.?(kg_ 6‘]—032]—% 6‘1—L—Q.XT—%.__ iﬁ-}?‘)‘l— 05131 7]-]] /\g{—qg—l‘]
71 0] SIT} [37]. CA, GA arbutin, lycopene, catechin]
52 phytochemical 52> &-4/Jol|A] QP 7| "ojx|m
/\]7}01 Aol whet H]J’} ol )3k Ak sl A E
LE7F oA AL AbA T oA A S5
= eIt kst a3t 9 Bl e QPgAde] ut
OP [38] o8] 74 Fr=AIE QPYSAIZIAIRE RIS =11
AR @rtst 7se] "olxlvhs wAlde 7 AL Sict.
WIER CRI Aol AT B S8 CA oW
o0 Zrola] 2Rk F0F P [39] 2 BAE [40] 7]
5ol Sl =L Aok, A, sPgEe] AkglelM &
o] FgH L A FFF Aot} ejEw ksl W g

7]°50] kAN gl A gl et W Eqbyst
] 5A0] ol A vlol e 2AlE 5s AEdS T
Z o] & ARgste] A ste W o ® PdsrE o
o] gkth. Fmoce 7|HES] SPPSE= tloksh A o] o e}
O|=F WhE A7te] o] 7lsEtEE A H}Oli 2AE
PYSIAIA 71Tt a0 S7HE MRS EdS A4S
= Aol it

Yo

4.38 7% ulg 274 FRA Fehol =9 53

4.1. CT-1
CAT W= 7I2RARIO R A5 (3uk) S} %Li%oﬂ 83l
al7] - mbAe] A Aol 't kel R
Aol “LO] FHrEo] Q1AL caffeine b= tHE 3keh=o|th
AFE5= 10097 9] A (acid) E2E0] SAIBR=], =2
AHd 252 chlorogenic acid, quinic a01d°].1_ malic acid
9} citric acide= A% EAISH Y55 ¥ (roasting) 2Hg
o] 4] chlorogenic acidv UH-i 2k 3= = F3H).
200 mLe] AT Eel= 70 mgellA] 350 mg2] chlorogenic

acid7} A5k o] 7 0 ZHE] 35 mgollA 175 mge] CA7}
Tt CASl 5EA S = CA+= aflatoxin®] *g/ﬂ = 29F
8 ope} Alst AEH A RS WA sk Vs 7T

ot AR oA Pt GAbs) 285 s ﬂ_ R
20} e As) Wx) aE ek [41] 2ol 4
Al Gl=A et

@ (b)
Caffeic acid Caffeoy |- GHK
1000 ppm /1000 ppm

Fig. 2. Stability of (a) CA and (b) CT-1. After 30 days of experimentation
using the same amount of 1,000 ppm concentration, the CA was
discolored and oxidized at 25°C while CT-1 (caffeoyl-GHK)
didn’t change at all.

CAE UV-BE ARE w] A5 COX-2 Bl s
o|lEA o7 ASH allergy —"‘U estol|l = w37t ol
ZO= WA Qlvt [42,43]. Z12v CA9] o] 7]l
5 B8k ebgAdo) wol 8571 At} CT-12 CAll
GHK tripeptide”} A% BAPO|H oJu}o]= (amide) %S
E QME 4= (Fig. DE FAsto] CAll nlsf Aoid o=
ey Ado] Bt PR HA HAE AL BAJo] vl R o=
ek /A (Fig. 2)= YFERATE CAZE 973t aRilstel
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FAT a5 7 QoA W8T gl dellA
ke oS 7L 9191 o 1 Fmoe 71HE] SPPSE- ©]4-
sto] SEfo] =9} AT ER Q18) 93t g7 &
TE 7K CT-19] 7Fs3k}. CT-1-2 CA°ll GHK tripeptide
7} A eete CASF A2 FARE s G5-8 LRERASH
o (Fig. 3) St Zejgr|ze] &S oAlste] A2
= TolEt (Fig. 4).
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Fig. 3. Anti-oxidant activities of CA and CT-1 in the DPPH radical
scavenging activity assay. 180 uL of 100 uM DPPH solution in ethanol
was gently mixed with 20 uL sample and incubated for 20 min at 37°C.
Absorbance was measured at 517 nm. The results were represented
as mean of standard deviation of three independent experiments.
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Fig. 4. Radical defense mechanism of CT-1. CT-1 has an anti-oxidation
effect through scavenging process. Reactive oxygen species (ROS)
can cause damage to cell membranes and DNA fragmentation in
somatic cells. However, anti-oxidant like CT-1 prevents tissue damage
under normal conditions.

4.2. DT-19
GA+ T} (cocoa), 2HIA} (gallnut), =3} (green tea), it
U] (0ak bark) “soll T+ 2= 2] polyphenol 73

07 A4 (psoriasis) ¥} 2> 9]F-23E gAle] gfAo]qn
ksl @4 Vsl fete] IR ERE W 3]s T
A2 B3 Qe [44,45]. GAS) ksl Eak= HlE
Co} 71 @50] fARsh Aadgke] sie] uld Fals el
It} [46]. GAE T8 95 AlETRR] AAQ] TNF-a 9
IL-69] A3l 3% ERIF A 91 0™ H-3) tyrosinase A &
¥} (Fig. 5) % melanin 4 9] &3} (Fig. 6)%= 778k A
o7 BaEa v} [47-49].
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Fig. 5. Murine tyrosinase activity in B16 cells after 24 h treatment
with or without GA. Tyrosinase activity in B16 cells was examined by
measuring the rate of oxidation of L-DOPA. Results are expressed
as percentage of control, and the data are represented as the mean +
S.E.M. of at least three determinations [48].
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Fig. 6. Effect of GA on the melanin biosynthesis. Melanin content
was used as an index of melanogenesis. Results are expressed as
percentage of control, and the data are represented as the mean +
S.E.M. of at least three determinations [48].

GAT Uil &lsiAlQl 3H18 =FEHE] (glutathione;
GSH)2] /d-& FZIA713L melanin®] 73S SJAISHT MTT
assay©ll oJgt A=A A GAE 719] 5/do] A
oFoxct [48]. sk kel A3 GAS W7t SRS
tyrosinase JAl|Zo] #A3] Frleh= Aa & = o™ [50]
Ak GAZE S71EE kel a3} 9<=3ih. Fig. 790
°Jshd GA= HIER] CRI}F 973t kst a3E veRlal
2121 galloyl-KECG K= A3 GAZIG7F B2 DT-19
o] gtslo] o 97Es 1% 4= Qi
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Fig. 7. Anti-oxidative activity measured by DPPH radical scavenging
assay. 180 uL of 100 uM DPPH solution in ethanol was gently mixed
with 20 uL sample and incubated for 20 min at 37°C. Absorbance was
measured at 517 nm. Vitamin-C was used as the standard material.
The results were represented as mean of standard deviation of three
independent experiments.
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Fig. 8. Chemical structures of (a) GA, (b) KECG, and (c) DT-19.
DT-19 is stabilized by combining KECG and GA by using Fmoc
solid phase peptide synthesis.
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Fig. 9. Radical defense mechanism of DT-19. DT-19 can reduce
4-hydroxynonenal and hydroxyradicals. ROS are very toxic and
accelerated by aging process. They are superoxide anion (O»"7),
hydrogen peroxide (H,O,) and hydroxyl radical (OH-) which are
the products of Fenton reaction catalyzed by free Fe and Cu. The
reactive oxygen species are removed by radical scavenge mechanism
in our body to keep biological homeostasis. The schematic diagram
shows various pathways of GSH and other oxidants (Vit E, Vit C,
lipoic acid) in the management of oxidative stress for radical
scavenging.

Concentration (%)

Fig. 10. Tyrosinase inhibition activity of DT-19. Purified tyrosinase
was mixed with sample and incubated for 15 min at 37°C. Absorbance
was measured at 490 nm. Vitamin-C was used as the standard material.
The results were represented as mean of standard deviation of three
independent experiments.

Baseline DT-19

Hemolysis secreted toxins Reduced toxins

Fig. 11. DT-19 inhibits hemolysin expression and secretion of
MRSA. Cell culture of MRSA on TSB medium and streaking on
the sheep’s blood agar in the concentration of 7 x 10° cells. DT-19
30 g/mL (30 ppm) spreading onto the sheep blood agar plate. The
observation after incubation at 25°C for 24 h.

DT-19%= GA°ll| KECG7} A3¥ BAPO|H] KECG& @At
stelo] 43t SFEER (y—ECG)-J A £421 o-ECG
o] lysine©] @%L?l Fefol =2 SFEE Y AR 3AE
st 23 Ko™ & b *‘1:‘7]194 GA (lysine2] 778
NH,)E AEAZ 4= 9lo (Fig. 8) Xt} -3 3Hilsl &
m—a 7]tiet 4= 9lct. o]+= DT-197}F *MLHJ st 7s
= 7 SFEERS &S FARA T 71 Bl
e e %—EFE}E]i (GSSG)-J 7193 4]
/‘]'i aﬂg}oﬂ AZ ﬁo‘_/] )\}Q 3 A= zx%o].__ oI5LS
0]'_L 4- hydroxynonenall% hydroxy radicals& #| A==
S vERAAL Ut} (Fig. 9). Fig. 109 <Jshd v
:9147} GP GA [40]°]l KECGE Z$A1Z] DT-19+= HJE}
7 g} vl 0.001% 5ol 7.89% O AOM tyrosinase
A8l a5 JERLCH 0.005%2F 0.01% sl s 7t
7} 33.33%, 28.57% U ol tyrosinase A] o abe vt
iz vk GAS 757t S7ers ksl & vk ofuet
tyrosinase SJA|7] % 535 Z o2 LA gle] [50] o]
= GA7F A3 DT-199] vl 754 A2 73S
& = gtk DT-199] 73| 2lo} (methicillin resistant
staphylococcus aureus; MRSA)°| tdt S5A4AHH|E A6k
= A8 A3} (Fig. 11)0l4 DT-197} 542 #0]5 34]3)
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TaA7)E oz ERIEn, oY s T2 sk
S. aureus, P. aerugenosa®} 3 pathogens- =57 14X
A]2~EIQ1 quorum sensing system=- ©]-23F0] H40] W
dul BH] 24& sl2 2 A= DT-197} MRSA ¢] quorum
sensing system= JA|g 5= 91O o]= DT-197} anti-
bacterial effects 741l -3 AAFSITE,

AN

4.3.NT-1

NT-12 35 JFastel 9549 7573t a9 7kl
HIERI B3 (NA) [51]9} GHK®] A3k &3l a5 Hds
ZFsiAIZ] vleR e =olt}, GHK = cell growth factor®
A ol EAlss Fefol =z DA Akie] ofgh Al
329} A 8] s JAlsh= TS ab ABAUelA copper
of B3ES FAdstar AIES] receptorell Agtate] A2
TAREE-E FX18tE GHK = collagen, thrombospondin,
fibrin-chain, prokininogen, complement Clq, interleukin 4,
skin collagenase, coagulation factor X1} SPARC 2} 7=
A3E2] 714w o] EAsAY ek dle] £
sz ik 3718 fEle]=olm [52] 4 WS Ay
A7 3 EdxAs WA o= viT= el &
ofghc}, BIERT B3+ hyperpigmentations =011 355
g A whsolFs e B R delA oot [53].
Melanin-> 7|41 8Fof] $1%]$F melanocyte oA $AJE o 2
2P A A%t melanosomes”} melanocyte 258 =7
& 534 keratinocyte = 0] ¥|©] melanin®]| Z}A57HA]
o)Al Hrt. ol gt #dell HIERI B3+ melanocyte©l|A]
keratinocyte = melanin®] 18-S 68%7FA] AAIA A4 2}
& ZolErh (53] wgh HIER] B3 1| 6.3} [54,55] <ol
5 28} gl TEWLS ZAAIATI 954 o5
W &3 [53]7F Barsar Qi o]} 2 A= HlER] B3
o} GHKO] A% &3l a5 Fdds A3hrI3] NT-17F
o 2AA) K e ol otk

120 - OGHK ONA ENT-1
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Fig. 12. Proliferation of keratinocytes from GHK, NA, and NT-1. Cell
proliferation was measured by MTT assay. The cells were treated
with various concentrations of sample for 24 h. MTT solutions were
added and insoluble derivative formed by cellular dehydrogenase
was solubilized with EEOH-DMSO (1 : 1). Absorbance was measured
at 570 nm. The viability of untreated control cells was defined as
100 %. The results were represented as mean of standard deviation
of three independent experiments.
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