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2 oF tHZEF Y mycosporine-like amino acids (MAAs) E&&2| 5534 BA3517] 3t type I procollagen,
elastin & involucrin 42} 2& 248 A A5t} C?damydormnas sp.E 0% e Z FE313, AHS B9 2YES
AA8}aL, HPLC #2448 %3] asterina 330+palythine (A+P) % shinorine+palythine (S+P) £33 A A3}t MTT assay
A3 A+P Z S+P= 01 mg/mL7HA AZ5A4S UehA] g9ttt UVell & d Aol 2ol tidk MAAs E3HE9] 93-S
23519 uwl, 0.06 mg/mL A+P 2 001 mg/mL S+P oA 71z 27 2 36 8 PCOLCE mRNAs #& o] F7saith

Elastin F32= 001 mg/mLe] A+P 2 S+PE H2lstS wf 22 5598 9 3.1v] o] F7}alsitt. 53] 0.01 mg/mLe]
A+P 3 S+P X0l involucrin mRNAs 2&lo] UV A2je tiz-9} vlarels of 5ol 3 254 A48iith dE2xe=

Chlamydomonas sp. e MAAs £3E2 FEMNAE 71574 P MES g AAEZR Y 7FsAdo] 3 o= dd
e l=s

Abstract To examine the effects of a mycosporine-like amino acids (MAAs) mixture from microalgae,
Chlamydomonas sp, on the anti-wrinkle activities, the expression levels of genes that are associated with skin aging,
including type | procollagen, elastin and involucrin, were analyzed. Asterina 330+palythine (A+P) and
shinorine+palythine (S+P) mixtures were purified from Chlamydomonas sp using the following steps: 80% methanolic
extraction, column purification, and HPLC analysis. As a result of the MTT assay, A+P and S+P did not induce
cellular cytotoxicity with up to 0.1 mg/mL of both MAAs. In addition, the treatment of UV-exposed fibroblasts with
A+P (0.05 mg/mL) and S+P (0.01 mg/mL) increased the levels of the PCOLCE mRNAs by 2.7 and 3.6 fold
compared to the control group, respectively, The levels of elastin gene expression were elevated 5.59 and 3.1 fold
in the A+P and S+P treated (0.01 mg/mL) cells, respectively. In particular, at a concentration of 0.01 mg /mL, the
A+P and S+P expression levels of Involucrin mRNAs were increased 3.5 and 2.5 fold in the UV-exposed cells
compared to the control, respectively. In conclusion, the MAAs derived from Chlamydomonas sp can be utilized as
functional cosmetic materials with anti-wrinkle effects on the skin.
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Procollagen C proteinase
enhancer (PCOLCE), elastin %
AL geofst 25 T g5tee] i
Ao Ag¥ QQeH17-20] £ AT = PlAERF
(Chlamydomonas sp.)2%-E] mycosporine-like amino

1 involucrin FA A &
3} &4

acids MAAs) EF=S FE311, MAAs E=9] Al
E=A A4S f8te] MTT assays Fadatsith g
MAAs &3HE9 type I procollagen, elastin 2
involucrin 344 el ek F3S A st A2
P53t

AE A7 EA MAAsO] 2874 HE
3tSA.

2. Mz H U

2.1 Chlamydomonas sp. &2 MNZx

20 mLe 8% vEke  fdd  FAAZRE
Chlamydomonas sp. ¥% 100 g& ¥ & 4324
5C)elA 3 hr B¢t FradiEs FE5E FE2E2
Whatman (No2) oZA|2 of7jste] AFG ) zhe
Chlaiwdomonas sp. 1P ES TYAATE 22l o

P=ETH 4719 F5 2 AHE 23] ¢ vHEste]
Zsldth #EE Asds BT B2 ¥ vacuum
evaporator®Z 338}l ZAZAAA Ac: koR)
Chlamydomonas sp. 55 At

2.2 Chlamydomonas sp. & 2&E M=
1839 Chlamydomonas sp. =55
240l 88X 7] L, membrane filter (pore size, 0.45 pm,
Gelman, USA)=Z of3tste] &cso] A7E F38
FHE AxsA FE2E 5892 Prep LC system
(Koto, Japan)S ©]&3le] E-50% WES 5% ez
ANAZ(5 mL/min) ¥, UV detector @ RI detectorS

/\}%6‘}'04 280’4% nm9] Z]—ﬂ A 1‘1_]—1]—.9. 5,‘;,1—’,“—6}%
Chlamydomonas sp. 5% +85< 539tk

2.3 Chlamydomonas sp. MM 228 X

Chlamydomonas sp. 5% w38&% UGI20 guard
Japan)©2. 2 X.3& %  hydrophobic
(Capcellpak  C18  UGI20
semi—prepatative column; Shiseido, Japan)ell 0.2 %(v/v)
O EA £8NE 10 ml/min®] FE2 FA7Nsle] A

AAsATE T FEFEIES size

column  (Shiseido,

interaction  column

FEE1S
exclusive column (Ohpak 2002; Shiseido, Japan)& &3}
o] ZF42 25 mL/ming] $E& A7fste] A 53

=
22 A9t} Zt FEE-2 vacuum evaporatorE o] &3}
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2.4 HROIMZE HHY H MEZz=SY EM

017k Adf-olA| E(fibroblast Al 3¥)+ American Type
Culture  Collection (ATCO)ZFE Rtk
Fibroblast A3 w9S 9184 Dulbecco’s Modified
Eagle’s Medium (DMEM), 10% Fatal bovine serum
(FBS) ¥ 1% Antibiotic-Antimycotic (GIBCO, Cat No.
15240-062)7F &5t iAol Al i getoit. vk
2-3dmitt wds] F=lom, wiAHAI(100 mm/60.1
cm?)E o]§3te] 5% CO, wiF71(37T)oNA sl
=4

AE54 A B211E 918k fibroblast AEE 1x10"
cells/mL FE=Z 24-well plateol] 2L wjF7]ollA] 244]
2k st viFakd ). wl Yk fibroblast AlXZ oAl wlj )
A& #|A3}aL, phosphate buffered saline (PBS) 2.2 A
23k & FBS7F 23R o2 AldsH Al Ea <=
WABIATE MAAs =S SLEEE AR Xelsta
24X 7t F71 wf ksl wie] Bt Aol 5 mg/mL
o] MTT (3-(45-dimethyl- thiazol-2-y1)-2,5-diphenyl
tetrazolium bromide, Sigma) €915 753tk w%F7]
oNA 3AIZE wike & PAE fomazans 500 mLe|
DMSOZ =o]al, 96 well plate® %71 % 5% nmeollA]
ELISA readerZ 425 SA9th AX5A4LS =
¥ Haste] FgEe] WMEEE ER|AT
2o

4L UV (75 J/mH)el =%9 fibroblast Al

EA8k9lt) Fibroblast A2 96 well platee] 1x10°
cells/well HE% ZF8 $ confluence”} 80% ©1/d &=
98 g7hA] Wk wiAE A v 50 mJe]

5 ZAbete] 955 frieakith FBS free DMEM Hi
A2 g & MAAs £3E2 Alstainh 24413 571
HjFst 2 type I procollagen, elastin 2 involucrin 74
Ao WS UV A7k UV+MAAs A 2|72 o]

23k

2.6 RNA Isolation & gRT—PCR

RNA #2]9} cDNA 42 FastLane Cell one-step
buffer set (QTAGEN 216213)9] AR-g-nll7 el we} A A]
sttt 523 ##3)k type I procollagen, elastin %
involucrin FA2HE #413817] 95kl 4% cDNAE
FYPoz ARSI 2X QuantiTect SYBR Green
RT-PCR Master mix®| 72| w2} Rotor Gene Q
Real-time PCR machine (Qiagen) 2.2 =33} t}. 28
o] AF83 primerst QiagenAte] QuantiTect® primer
assays (185 rRNA QT00199367, B-actin QT01680476,
PCOLCE:  QT01005725;  Elastinn  QT0003459%4;
Involucrin: QT00082586)E A&kt w382 183
RNA 2 B-acting® E733519th PCR 5% Whg-2&
total 20 pL= 10X rection buffer 2 pl, 25 mM dNTPs
2 1L, Taq DNA polymerase 0.5 uL, cDNA 5 pl, SYBR
1 uLE £33t vk&S Faskairt. vhg 210 94T
o A 15%, 55 CollA 30% L] 72ColA] 304 Z+z+

40 AelFe AN,

2.7 SAEN

AR SPSS B 2ZE S ALEEte] 3
gtk dlolE] 9] normality 9k 7473 ANOVAR <l
i, AT e ko] one-way ANOVAS}
Duncan’”’s multiple range test® #7}3}$] T}

3. 2}

ag
o
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3.1 HHFEE2| MAAs EEF 24

Chlamydomonas sp. BAAFE% 1 2 2
FS HPLC F4EE ol&3to] #Astsith AAFEE
-19] 2 MAAs A2 palythine¥} asterina 33022
vehstor, 7+t 5691 3} 6.09%¢ AEE g
1A]. Palythine®} asterina 3302 &-8-°] Z}7} 15.7% 2
B1%= A HA GAFEE-29 T8 MAAs A&
£ palythine¥} shinorine©. 2 WeR o 242k 5806 &
3} 8.035%-l #&TAcHFig. 1B]. Palythine@} shinorine
2 FH&o] 47 208% 9 57.3%% EAH AT
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ooe] A
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[Fig. 1] HPLC chromatogram of purified asterina

330+palythine (A) and shinorine+palythine
(B) mixture from Chlamydomonas sp.

3.2 MAAs E8IE9| MZ=EM

Chlamydomonas sp. 2 asterina 330+palythine &
SHE-(A+P) 2 shinorine+palythine E&E(S+P)¢] A%
548 MTT assays E3F9 #4138}9th MTT assay
= nEZ=gold EA 8= dehydrogenasedl] 2|3
MIT=Z%

H FAd¥ MTT-formazan® &5 SF43t=
AE=d 24

71selcH22]. wiekEl HaCat Al¥l
MAAs &£385 27 001, 005, 01, 05 ¥ 1.0 mg/mL
TEE A SIS w AP 2 SHP BT 0.1%714] 90%
o] 4+] cell viabilityE B.o] MEZA o] gl Aoz 3
A=AHTable 1]. webA FFEE4 44 01
mg/mL 5% olatell A s, g A5

[Table 1] Cytotoxicity assay of A+P and S+P mixtures

Cell viability (% of control)

MAAs (mg/ml) Asterina 330 + Shinorine +
Palythine Palythine
Control 100 100
0.01 90.63+£3.2 95.37+52
0.05 94.45+4.3 89.78+3.9
0.1 92.21£36 93.65+4.8
05 66.04+4.5 574685
1 53.69+7.1 54.2246.9

3.3 Procollagen, elastin ! involucrin
SR Y
A ZF e MAAsS! A+P 2 S+P2] 334 0] 4
o A Aol diF Q%L FAS) S5

oF ARl g o 2 FAIEATE UVEES: A
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Za3 HwEke] 001% 2 0.05%2 A+PE AEsRS
) PCOLCE 32} wel2 7bz) oF 144 2 2700 Z7}F
o, 001%2 S+PE Hestds W oF 3681
Az wdo] F7hE ArHFig. 21.

Elastin fd4}+= tiz&a2 Blaske] 0.01% 2 0.05%
o] A+P AgA] ZHt oF 550u) 2 337w AL @ o)
S7rst e, Sk S+PE AEsd e W Zhzt o 31
v og 208 fEA w@de]  FrebidtHEg. 3l
Involucrin FA2F 282 0.01% A+P 2 S+PZ A3}
A& wf Zhzh 5l 2 25u) Al cHEg. 41 ¥ 7
3= Chlamydomonas sp. -2 MAAs®] A+P 2 S+P &

50| I frotAlae] FeEh el AR A
2 Fa glon, B7E AuEe] WHER BeASY
< HoFEr

E |

Control 0,01 0.05 Control 0,01 0.05

Asterina 330 + Palythine (mg/mL) Shinorine + Palythine (mg/mL)

[Fig. 2] The expression levels of PCOLCE mRNAs in
response to different concentrations of A+P
and S+P mixtures under UV radiation.

3
II I
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Control 0,01 0.05

Control 0,01 0.05

Asterina 330 + Palythine (mg/mL) Shinorine + Palythine (mg/mlL)

[Fig. 3] The expression levels of Elastin mRNAs in
response to different concentrations of A+P
and S+P mixtures under UV radiation.
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[Fig. 41 The expression levels of Involucrin mRNAS in
response to different concentrations of A+P
and S+P mixtures under UV radiation.
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