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8 o ! & AFoM= FHZATE HEE 1R Edotu|lAt A7 2 YHAE F-8-5te] o R It
o] mEggo] et AFE Akt A4 Efobn| it fFEAof HE-AES AT 5
BAE AEoto], HET(degree of substitution)@t 5= (degree of polymerization)7} Z8H FH4
2o ibs ST Akt x Efobn| it} oA A7 29 HUE o oA 22 E
220 gtdo] 20% FAEIAL B2 AU &4 Aol 6.58) ST ERlekqlth. nAaltx Eejo
a4t 7|2 HAE S8t thekrt Tl AAIRte] Fx M-S FHste] gyl mR Aol
7FeRt 71574 eFgE EE R ofyet Yot oJergo Rk AN 7hsstEE ZliEnh

Abstract : In this study, a synthesized poly(amino acid) self-assembly grafted with valine molecules
was investigated on the skin activity of skin growth factors. The amphiphilic grafted poly(amino acid)
derivatives were successfully synthesized by varying of degree of substitution(DS) and polymerization
(DP) with valine molecules forming a f -sheet structure. Then, the pro—collagen biosynthesis of
EGF(epidermal growth factor) was improved by 20%, and the inhibitory ability of tyrosinase activity
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was increased by 6.5 times by self-assembling of EGF with the poly(amino acid)s having S —sheet
structures. This strategy of preparing protein self—assembly with poly(amino acid) derivatives will help

improve the stability of protein growth factors and use it in medicals as well as cosmeceuticals

through skin improvement.
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1. M B

83 Xm7t FAYl 7Hed ZAHqrEE
(cosmeceuticals) PE-Eo] gt A
AP0 QleH1-2]. olHgt FAw|rEld B
Foll= gz or HFH ot 7
o] EgE=d, e ATAMEALGJAZHEGE,
epidermal growth factor) ¥ A-FobAlZAg7<l
ZHFGF, fibroblast growth factor) &5 mHA4%
A7y FEEL T3] dE S, A=A
A= w= AESA A'iE] A (stanley
cohen) HMAPZ} @dste] 1986\ Ll Aje|o)sh
e A AAY olEE £ mREAERIAR
ZHlS s ARotdlEe FAE SXA]
Zle 9SS E AEQIEECM,
extracellular matrix)2] A< 45y I+ A
4 9 AEFIE FAEkete] njRAEZe F9
T4 B4 e S5t 98 ot ¢
A dtH4-101. =iy oREAAFRIAE 4F9]
el (protein) E2e]7] wiZo] 2HE AR Al
Z, 5 9 AR Ao oA 4% Fx7F A
M (denaturation) Hi& EAS mHEYEHS 5T
Agago] @A @2 FAE 7HA 2 ok

o
2,
2,
I
In

-

-

ol HFELS AL 2 9
(protein delivery) 7]&of st A7t Y=
ATH11I.

2 A7l Ee AER Edohm|eAt )X
AE &gote] mEgAdIAe] gy 9 A
&2 WIAZIE Qe AYsHT. 1Atx
glopr| i Ak mEAARIZL Tl o] LA R
TUGE ofm At 7)1 et ofy g, 48
oflA Tl Fxel FARSHA i meFe] o
-2 A(rod-like @ -helix) EE HE-AE
(crystalline B -sheet) FElS 2zt A7|Z27A
(self-assembly) & &/dgtcHFig. 1]. FAIH ==

B ot e &

ox Bl fob ot

B =sheet structure, Poly(amino acid), Self-aggregates, Protein delivery, Epidermal growth

154 Eejoluliit fEA] HE-ANES @4
T 4 gt WY BAS FRGrafedste], 3%

Z(DS, degree of substitution)2t FE(DP,
degree of polymerization)7} o2 Y] FFo] <
A4 Zgoln) Al BAE FASHICHTable 1).
FgANollA Az Edjopn|ieit BA7E H|
E-AES aivpAor @Ashr] 93t 2L &
st olF &goto] Mgz A
Az AFE Py, 1aFE Eeopu
Atk A 247] 2% (self-assembled) ¥ Ao A|E
Aol zFeRl(pro—collagen) 9 3
E|lZ2AIolA] A5 (tyrosinase  inhibition
assay) EAS APste], AL A4, vl
W 7154, S0 2aE ERlskt

2. 4

oo

21, $zY Ejotoj it Y

2 Aol HAFAER AREEE poly
(succinimide) (PSD+& ofAmt2 ELH(IL—aspartic
acid, Sigma)& 4t Zufj(phosphoric acid, Sigma)
StollA 180 C& Fgsto] Aqlth g/dst PsIol
AH7F9] ofgh&oll(ethanolamine, Sigma)S 3
7tstal, ofg@lt]otnl (ethylenediamine, Sigma)
= NFor Hristo] A&HoR whgATE it
Ae Soll, oF717F =¥ poly(2-hydroxyethyl
aspartamide) PHEA-NH)E 3ottt PHEA-
NH,& 7HAIA|(macroinitiator) 2 }o, 2 =F9]
9] NCA(valine N-carboxyanhydride)2 Z+2¢
A7kt & Aa FAolA 40 TR 15A7F Bt
Z3AIA, PHEA-g-oligo(L-valine)2 3$HdstA
thFig.1@)[12]. o=, T NCAx o4 4
(L—valine, Sigma)el E#|ZAA(triphosgene,
Sigma)& %7}sto] Fuchs—Farthing @AdWHOo=Z
AAcH13]. A PHEA-g-oligo(L-valine)=
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Trifluoroacetic acid(TFA, Sigma)oll =<1 =,
F5(DI water)oll E{iste] 272 HS Hkst
t}. o]%, EH(dialysis, MWCO; 3500 g/mol)
of & 8ME AAsty FEUXE Tl HF
Hog Il BAet /Al BEAVF HEE A
TEAE e HPH R AUk

oXx ofN 9L ¥2 olN

2.2, DXFE E2lojo|dt REXQL MUME
HEQIXL xp7| = Y

axE Eejom|iAl {EA|(PHEA-g-
Oligo(L-valine))-2 Table 14 HiE Z Zo,
gl Bz HEE(DS)7F 4.5, 6.2, 10.9 mol%,
FTE=(PD)7F 6, 10, 6 7HE A= G5t
7}7} PHEA-g-OVall, PHEA-g-OVal2, PHEA-
g-OVal3o =2 9dsiqint. He-AEZL 7 &
PAE Egolu|iAt §EH(PHEA-g-OVal2)S
ARGt AT A gaFiztet A A7 Z-HAE
FAAHT. FEHFe] Eejotn] At FEA(4.0
pg/mhell ZF AHH s gof=o] gl /]
AlZ34A2E H7kste] 3000 rppme 2 5.083F
EdA(vortex)®  WHFsto] A7 XHAE FAAI
73 o] 2712 HAE PHEA-g-OVal@EGFzh1!
g5t

2.3. MEZ=2H(cell viability) "7}

T AR EEohmkeAt FEAQ] Al
=4 H7Hcell viability)= MTT BAS =) &
oI5t tH14]. ®#], PHEA-g-OValZ 2.0 ppm
7} 20 ppm =2, 10% FBSSH 1% P/S7t =
= medium 200(M200, Gibco) HvjFHof H7}s}
6] Human umbilical vein endothelial cells
(HUVEC, Gibco) AMZE vjFstalet. olF 5
mg/ml = MTT (3-(4,5-Dimethylthiazol-
2-yD)-2,5— diphenyltetrazoliumbromide, Sigma)
SAS wjFd diH] 10% (v/v)E HF7FsE &, 37
T, 5% CO, B4 4 AZF Bt Wit 5
F8t dimethylformamide (DMF, Sigam, USA)
£ 1112 E3st 8o sodium  dodecyl
sulfate(SDS, Sigma, USA)E 20% (w/w) SEZ
A Z3 lysis bufferS F7Fsto], AAH formazan
= 2 AR §9t FESISAE ELISAE ARgsto]
570 nmollA Zt A]=9] optical densityE =75t
Atk 9 MTT Al 2& 2pde gAoA o]
Folglon,  FAll st A (optical
microscopy, Nikon Eclipse TS100, Japan)©&
A= e o7 =

HIERAE 271 =E E2jobr|eqt iAo a4

@ Q7 3

r

2.4. In vitro Tyrosinase M Xalls 7}
PHEA-g-OVal #A7|Z8A1et EGFE Bt
PHEA-g-OVal@EGF9]  tyrosinase #]3l €4
=4 9514 2 mM L-tyrosine 50 zl3t 0.1
M sodium phosphate buffer (pH 6.8) 50 ul&
ot sk Almet E@tstoe] 37 T4 30
minZk incubationst$tt. 100 U/mle]
mushroom tyrosinase 50 xl& 7}st 37 C
oA 10 min%}t incubationsFTE  Microplate
reader2 475 nmolA SIEE =Hsto
tyrosinase Aol B/dE& IRt Fd xR
o2 arbuting ARESte] HlwsIgow 39

A o) LRSS

cC—D

ﬁ)]“oo

Tyrosinase A 3£ (%) = {1 —(

71X, At tyrosinaseE A @loto] WEEEE A
FAETY F8%, B tyrosinaseE Aot
w2 Ar FAZEY 8%, CE tyrosinase
£ Agsto] HEeRt Alm A2ie] FBk, D=
tyrosinase® A gex] ¥ Alm Ao &

=8 UEhdh

2

25 mI2apAl MEM 2A
AL

& ZxZ(dermis layer)& RASE?] Q] 43
A =4 S Aod-forAdl 2 (human
dermal fibroblast, HDFn, Gibco, USA)E A&
st WA, Fdl &H(collagen type I, 6.1
mg/ml, Advance Biomatrix Inc., USA)ol LA
o] &r&-8MH(reconstituting buffer solution)& 3
7tete] ZaA A gH(pre—gel solution) 22 A
Zokleh. Zekd A 89 1.0 ml F A2 1.0
X 10° cells =2 HDFng EQstT transwell
of 0.5 ml® FAg F 37 TollA 2 A7t &<t
incubation 3}¢] €3] ASIAATLE ©]F Low
serum growth supplement(LSGS, Gibco)¢} 1.0%
(v/v)  penicillin-streptomycin(P/S,  Biowest,
France)2 #7Fgt Dulbecco modified eagle
medium(DMEM, Biowest, France) Hjeio=z
37 C, 5% CO, 7oA vigste] dFnHF X
o md=z Z8skqrh

10

#

o

x|

Ol

2.6. =2 Z2}7l(pro—collagen) MgtMar &2
Ao dgotdLe] Z=tA LS A7)

e 1x
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a4l AHRoz EGFE  AAstel  pro-
collagen g =zlof ot A75 HPspalet.
Al o

Pro—collagen AJ2Hd AEL AHFS 743 =

¥ %, 10 ppme EGFE 5U% PHEA-g-
OVal@EGFZ Z7fste] 12, 24, 48 A7+ B3
pro—collagen 4FS A3 o, 23
|-H(Serum)©| sriidde ARESHAT
pro—collagen A4 EA2 pro-collagen type
1 C-peptide (PIP) EIA kit (Takara Bio Inc.)=
8519 in vitro enzyme immunoassay .S
2 st xS wiges monoclonal
FA gH7 EFtste] anti-PIP monoclonal &
A plated] B 37 CTolA 3 A7F F<9F ¥h-g-2
APMZS. PBS= Al %, 71E-§A(TMBZ
solution, 3,3',5,5'-tetramethylbenzidine)= 347}
sto] AF2olA 15 min &%F WASH shink o]
%, 1 N H)SO, 845 37iste] HetA]7]aL
ELISA(Thermo Scientific, USA)E AF&35}o] 450
nmo| A Z+ A=2] optical densityS =735t
[16].

1
fle

27. A 24

RE 49e 39 ol AN ¥, HEHA 2
L7l (error bar)E Zeeh AHdAME UEh)
9lom™, Turkey’s multiple comparison test
(T-test)& E-goto] A p < 0.05¢ o 5
A ol gtk Bobstelc,

3. #Eat ¥ nE
3.1. MATZE E2oto|odt FEX ATME
MEOIX}L X7 | ERH HAM
IR Zolu| LAt SEAE Aru|A| AR
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7] HdAm Agshy] floiA HEE 94 F
A E A% PHEA-g-oligo(L-valine) EA&
st cHTable 1]. PHEA-g-oligo(L-valine)
A= gAY 2R HEE(DS)7F
7tk oA e FEiz A7 E2HA 9
T-ZHo]|(structural transition)7b =St} ¥iHo|
T 2240 FA=(DP)7E F7FsH 8ol
A HE-AIE FAH](% of B -sheet)7t S7FotSA
. Table 148t o], PHEA-g-OVal29}
PHEA-g-OVal32 H|@35] EH M = &
g 24 e HsSsHARE FRbeTt
PHEA-g-OVal27} HIEl-A|E Ao] of %

422 CD(circular dichroism) 242 &3

Jol i,y

e 4 Ak AAE FuA g JAZHEGE)
= 2% FZ(secondary structure) & a-helix7}

2.9%, B -sheet7} 30.6%, B -turn®] 2.4% 3XZgt
oto] 42p fxo] ol PEE {5k ek
ool EGFO] 4%t #x2E5 ¢Hgststo] aup#Ql
g2 A8st7] 9lof, gt uatx Eeot
it A F HE-AEZE P F @AA"
PHEA-g-OVal2& Aottt 4-8a/dolA
PHEA-g-OVal2(4.0 pg/mDell Z} AHH ==
Bofi=e] e ATAZYIRJIAE Hrteto
3000 rpmo=Z 5087t E€A(vortex)E 1 RFo}
of ZVIZXHAE FAEAHL o AEXHAE
PHEA-g-OVal@EGF2t Wi stathFig. 1(b)).
PHEA-g-OVal@EGF 4§94 oA 4= ulo]3
=2ulg 2719] gt A2 HAE FA5HA

3.2, MIZZM(cell viability) =7}

Aolole MEZE FBSeF P/S7E H7HE M200
HjeFHo] PHEA-g-OVal& 2.0 ¥ 20 ppm &
T2 Hriste] 37 C, 5.0% CO, 7oA 6,
24, A8A17F vjoFst MTT EA-& AdPstect

=

Table 1. Molecular Characterization of PHEA -g-OVal

Sample DS DP? Number< Diameter? CACe S

PHEA Highly soluble - 100
PHEA-g-OVall 4.5 6 54 53 2.5x101 80
PHEA-g-OVal2 6.2 10 120 60 1.5x101 64
PHEA-g-OVal3 10.9 6 126 89 1.0x101 62

“Degree of substitution (succinimide units amine groups, mol %) determined based on 'H-NMR.
PDegree of polymerization (number of valines and leucines) determined based on *H-NMR.

‘Number of amino acid molecules per a polymer chain
dEffective diameter (nm) obtained by DLS.
“Critical aggregation concentration(mg/mL) determined by pyrene assay.

/Hydrophilic mass ratio to total mass, fu,, = ﬁ x 100, where a,, is the mass of hydrophilic part, and b, is the mass of hydrophobic part.

w
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(b) Secondary structure

DS, = eeeee--
eosocsssese | Feneet

g

@ Hydrophilic backbone
Hydrophobic grafts

~

-

Self-assembly

Functions /Delivery

Fig. 1. (@) Molecular structure of poly(2—hydroxyethyl aspartamide) grafted with
poly L—valine (PHEA-g—Oval). (b) The schematic image is self-assembly of
PHEA-g-OVal with epidermal growth factor.

-‘E 2.0 ppm
'g /320 ppm
< 400 4
;

300
=
&
3
= 200 4
Q
1
= 100 4 .:I
2

6 24 48

Time (hour)

Fig. 2. (a—1) The bright image is captured of
cells cultured. (a—2) Phase—contrast
image of cells positively stained by MTT
reagents. (b)  Normalized  cellular
metabolic activity as normalized to
viability characterized in pure medium;
PHEA-g-OVal.

(Fig. 2a). Fig. 2b¥e PHEA-g-OVal®] &Ik
g A Ax giAEE Fkol it A
£ HolErh oo A AEE 7%
or FHE AR FEo| wet A7 e
FEeletth. 1 A% A7 2HA 5ot SR
o= Ax tiANEFS] HEe =i diH
2 "3t glew AlZte] gl weh HApAe
2 Z7tettt. PHEA-g-OVal& 2.0 ppm =4
st ol 6, 24, 48 A7 A Fo 27 1.4,
3.2, 338 F7leklal, 20 ppm Z S-S wholl
© 6 ARF Ay Fof giargEo] tha FAaski
O} 24, 48 AZF A Solle 2.7, 3.28) Skt
Ae FAstqnt. o5 Faofl, Aol AT 5
Helolde 1tz EQopm|ieit BA7F Al
of Fafiet ARl EAdS gl 4

== = ==
k.

3.3. /n vitro Tyrosinase X Xslis T}

Tyrosinasex=  HF  Z|AHF]  EASE
melanocyte®]  melanosome®|A]  L-tyrosine™}
3,4-dihydroxyphenylalanine(DOPA)&  7]Z=&

ste] myol Ma AJE<Ql melaning Aot
34 g 4olth, PHEA-g-OVal 27| 2H4 Ui
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3 Arbutin

IR EGF

 m— PHEA-g-UVaI@EGF:[ -T-
60 A £l

40 ‘[

20 - i
0 T T

2mM 10ppm 30ppm 50ppm

Tyrosinase inhibitory activity (%)

Fig. 3. Tyrosinase inhibitory activities of arbutin
as a control, EGF and PHEA-g-
OVal@EGF treated at
concentrations.

various

o] EGFE ¥#Ag PHEA-g-OVal@EGF2]
tyrosinase ASfES Rlste] nWr|s4& 3
7¥staap stgdeh. PHEA-g-OVal 271234 Ul
ol EGF7}F 10, 30, 50 ppmo] L2 Eg
PHEA-g-OVal@EGF2] m#&AS Q1519
ofi, Z+7} 62.6, 57.8, 67.3% A& eHlstaAct
(Fig. 4). ol FAdzF LEEe A&
29.8%F Hlwd wj z¥zb 2.1, 1.9, 2.3 #je] A
flegx IHEHD FHold mweds Uehds
o 4 ek ®=3F PHEA-g-OVal #7184
7 EGF dgAz2A9 &S =Rlstr] <is)

=22

(@) 300

(b) 300

3 Control
N PHEA-g-OVal@EGF

n

[

o
|

200

150

100

Type | pro-collagen (ng)

o
o
1

o
|

12 24 48
Time (hours)
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PHEA-g-OVal& Zdstz] k& EGF 10, 30,
50ppm FE= P|HEd-S Friekqltt. EGF 10,
30, 50 ppm FZ9 Asl&2 ZZF 9.6, 16.5,
34.7%° 2 PHEA-g-OVal@EGF 3ol H]3]
o4 "ol & 4 Uitk PHEA-g-OValit
PHEA-g-OVal@EGF9] tyrosinase Aol &2
EGF 10, 30, 50 ppm & wia} zHzb 6.5,
3.5, 1912 As&9] zolE yEWlL EGF7}
10 ppm Z3tE PHEA-g-OVal@EGFe} EGF7}
30 ppm E&H PHEA-g-OVal@EGFe] AHsl&
2 247} 62.6, 57.8%=2 EGFs=7t 7} A] A3|
0] 2358 ALTE & & AUtk o= A
AA WHe] EGF 10 ppm =7+ 5&9]
How xHP@gol F7FE 4 oy 30 ppm
Frode @58 ZHA-Eo] oA EGF7t
FFSHA mFo ALHA] Fshal Fx27F FHA|
A Aoflgo] Holxe Zolet & 4 itk
EGF7} 50 ppm @-4% PHEA-g-OVal@EGE?]
A& 10 ppm Z3HE PHEA-g-OVal@EGF
o] Asf&ret tha EARE A7|XYHA W
A=A e At 45 Asfles vEd
Aolgt & & ot E3 Iyt oz SR
o] A7 g A Al, EGF o s=Fo] 10 ppm2
=2 AA=o] 971 wiEol 10ppm ol FkollA
ey Ay 2 o7t glekal shAlth wiw
of 10 ppm® HAEEFJIAE RS
PHEA-g-OVal@EGFol4 712U dA17t

A

anpoR AA dTL SAAL & 4

1o v X

fr

250 =
200 ~ -
150 -

100 ~

Accumulated
type | pro-collagen (ng)

50

12 24 48
Time (hours)

Fig. 4. The pro—collagen measured at each dermis layers was normalized to the pro—collagen
characterized in pure medium at 12 hours. The statistical analysis of the data was derived

from t—test (*p < 0.05).
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3.4, ZEF2A MetdeEr 2o An

WA e 249 2R AuHgoIES
Apgstel mn AMEe BAsiad @A, 2ot
A gole] QAo 9Egole Arlkstel B2k
A gollog Axstnt. EA A g9 1.0 ml
g AEZ 1.0 X 10° cells BE& AGotAZE
Tolskal 2 AR Beb uiefstel ¢bds] st
(collagen gelatiomAlZtt. o] F ZImAL HfjeFH
o8 37 C, 5% CO, &HoNA wigste] g
B 1]1—1_] E_Eﬂi k=18 g}o:h:]- 0]3471] ZHZB‘]-H X]

558 Beotel B Avold P4 PHEA-g-
OVal®] E9lo& EGFe] mgZabd 4ad =
A JPFE stk I 1S5S 10 ppm FEY
EGFe} 4 ppm X9 PHEA-g-OVal7} H7Hd
PHEA-g-OVal@EGF9] uijflioz 12, 24, 48
AIZE sete] mEEebd QRS A6k
Fig. 4= &5ulgdy EGF, EGF7l =94
PHEA-g-OVal@EGFo2 Atde mz=el
< A7l wet Urerdl Aspolck, 13 AlZke

£ mezell AUAES st H3He
2 gdd Z2ZSAS Fig. 4b)ol ZAISHAR
G Zavlgel TEE Agel meh o4, 141
172 ng7b E2ER Aol Z71e9ek 10
ppm X EGFE A2st F% 96, 145, 182
ng®= sl Hop ZzEepdl R 57t
sfggort, ol elulgt Aoz w7} ojg
I3y 4 ppm Fko| 7R Zofu]iit F
LA (PHEA-g-OVal)7t =% 10 ppm F=2]
EGF 71284 (PHEA-g-OVal@EGF) 2] 7%,
115, 164, 209 ngz Z2E=HA o] &4
EGF Hrt} 9535 Z7skqleh. E3] 48A1%tollA
g il of 20% Agsstden, FAIRE
N 5%°] Fde HAFAE EGF 152 49
sh= AYE ¥2 4 A °olE F&l A
LIRS Ay iR AT B A, &
Aol 4 aQtHE PHEA-g-OVal2 &bl
g Fio] He & & Atk

4.3 E

o8 A&7t FAl] 7}~°} i’\“ﬂ%ﬂ%ﬂ of
el wmEAgEAAE aH 4571 4
M gald 229 f2 ?_Vé % Eolal
gass N2 =+ de AL 7Ieel B85t

Zdotu]|lAt FrAe] mPEge] TS AL T
ot 2 AFojME gl uATE Eeo}
oAt B2 HE-AEE gt o g P45t
9 27& RIS o5 Z-gote] AFuAxE
ARl MGA| A mRgAe FAst d1e
Pttt DAEZR Zdolu|k Al AT REAE
gaste] thoFst WA Agrolzto] Lz obAA]
g sugt WRsjdel Abest 54 SR
22 mor ohal tpolr} ook oaE AME v}
sote et ZdiE,

ALl 2

B A HABAR (TS HP20C0210),
ZAMA7 QR TA RS $2666591) 2§
TAF(NRF-2020R1F1A1071004,
2017M1A2A2086515)9] AP Hrol L3 &
TYOoR o]of ZIA=EF Yt
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