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Abstract

In this study, the physicochemical properties and anti-wrinkle effect of polysaccharides with different molecular
weights from Gloiopeltis furcata were investigated. Crude polysaccharides were isolated by viscozyme treatment
followed by ethanol precipitation and lyophilization. Crude polysaccharides were hydrolyzed by acid (0.1 N HCl)
and the molecular weight fractions were generated by centrifugal filter (<10 kDa, 10 to 100 kDa, and 100 kDa>).
The yield of polysaccharides with different molecular weight fractions was 8.4-39.6%. The major constituents in
molecular weight fractions were total sugar (81.37-85.82%), uronic acid (27.89-32.85 g/100 g), sulfate (33.38-39.04%),
and protein (0.35-3.16%) The L, a, and b value of the 100 kDa group were decreased, but viscosity increased.
The oxygen radical absorbance capacity of the 100 kDa group at 180.07 1M was the highest among groups. The
protective effects of 100 kDa group at 0.5 and 5 pg/mL against H;Oz-induced cytotoxicity in L1132 cell were 87.34%
and 103.85%, respectively. The mafrix metalloproteinase-1 activity of 100 kDa group decreased in a dose-dependent
manner. The pro-collagen synthesis activity of 100 kDa group at 0.05-0.5 pg/mL was 64.91-77.80%. The
polysaccharides with different molecular weights from Gloiopeltis firrcata investigated herein are useful as a potential

candidate for cosmedical materials.
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2574 &3l ES5Z7Ae(Gloiopeltis fircata)'= 3
A& 2 ula gt AL Soll Exsta it E5E0)
ArEle] FelE A4S Yehla 9 F= 7] 71 Bl
Refor &2 8o Jlu JHHo] FHeH E7HAte] 9
A Akt =719 Fol Hlo] Sl ztelx o] UTk).
E5E7AEC F2 3 tdie Al e Ex2st
nom SV E, AE D xRl o A 2 A=
3 & gBRe] 4AE A4ske T8 3981 FA)
7} ol o] dvka Bawo] JIth). ol v
= sulfate g2} B2, BE4 9 sulfate 911, B/ &l
olEA o2 kst 9l Al A B T 7 e = UE
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2 Ao AMESE EFEVMAN = detdE gl A
A A (DAL E A Fhste] gl A
Ao, 2= Fo A €F 712x7](0F-22, JEIO TEC,
Daejeon, Korea) = 50°Col| A 24A|17F AZSI T 29 &
SEZ7 = 5471 (FM-909W, Hanil, Co., Sejong, Korea)
2 F48 T 60 mesh oJ3le] FES 20T W§Earol| HaAst
HA 2097 FEE A5E A

=rteHF ®=

20EFE THs] Hall dx 22 5 gl S/FTE
D&+ thy] 508 71k vk viscozyme(Viscozyme L, 100
FBG/g, Novozymes A/S, Bagsvaerd, Denmark)< 7|2 tiH]
3% #7}5Fo] shaking water bath(BS-31, Jeio Tech., Daejeon,
Korea)o| 4 150 rpm, 60C, 1447t wHkslict. wHksl Al &
© AAEE(3,000 xg 308)% thy 3]skl FedS
73t 5=7](Model N-IN, Eyela Co., Tokyo, Japan)Z 60
°Brix’} 2 W7HA] FE3ITE 5N suRke] oeE=

A7vste] 24417 wHbslka YA E2](3,000 xg, 30)3H
ZUSFE 35otH 1 547 Z(Freezone 2.5, Labconco
Co., USA)YEF ThS -70°Co|atoll Al Bl Al Ab7pe=a)
9 w2 e AlRE ARSIt
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E5E7MH] 8 2UHERE 0.1 N HCl& A3t
1% Qo7 233 v} 50Tl 423+ F< shaking
water bath(BS-31, Jeio Tech.)ol| A ¥t wHkS &4
VRS E TFRE 0.1 N NaOHS AH&3to] pHE 43}
o O RS 24413 B £45k] 2R E o
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3171 913l amicon Ultra-15 centrifugal filterMerck Millipore,
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10-100 kDa % 100 kDa ©]’do 2 #23 ths F411=
sto] Aol Ag-3tsl
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=g o g 43190t = 5% phenol 1 mI(w/v, Duksan
Pure Chemicals, Seoul, Korea)$} sulfuric acid(Duksan Pure
Chemicals) 5 mLE 02 mg/mL =2 3|43 Al5 1 mL}
HE-g-A171 & §-33-33 = A| (Ultraspec 2100pro, Amersham Co.,
Uppsala, Sweden) S AH8-31¢] 525 nmellA] FH=5 S 3}
31 glucose(Sigma-Aldrich Co., St. Louis, MO, USA)E X
FH o= o] gste] ALtetsith

F B gake Lowy 50142 oz 2o
™ bovine serum albumin(BSA, Sigma-Aldrich Co.)< %
oz ol gt ALY

Uronic acid &2 % sulfate &z

Uronic acid %2 Cesaretti 5(15)2] #H ol wpel £
3} t). &, 25 mM sodium tetraborate(Sigma-Aldrich Co.)&
gk Ak g o A xgk £ o] £ 02 mLe 02 mgmL
FER 343 A5 0.05 mLE 96-well plated] @i 2+
412 F 100CoAl A 10327 78tk 1 v 7=l A
154 i3k T 0.125% carbazole(Sigma-Aldrich Co.) 0.05
mLE 7}8laL 100l 1083t 7FA3E v Aol A] 158
Wll8kal 550 nm microplate reader(Asys UVMB340, Biochrom,
Eugendorf, Austria)® &3=5 =%3% 3, galacturonic
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acid(Sigma-Aldrich Co.)Z A3 EF
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Sulfate 32 Dodgson 7} Price(16)2] W o2 ¥A435}
Attt A& 3 mgell 6 N hydrochloric acid(HCI, Duksan Pure
Chemicals.) 10 mLE 7}3F 3 110Col| A 6413t 7FrR-al 6}
At 7RIS A8 0.2 mLol 3% trichloroacetic acid
(TCA, Acros organics, Geel, Belgium)E 3.8 mL %
BaCly-gelatin -89 1 mLE 7}etaL 25CellA] 1523t vE-&-gF
T2 360 nmellA] 3333 =2 (Ultraspec 2100pro, Amersham
Co)E AMgsle] F3EE =339 o™, potassium
sulfate(Sigma-Aldrich Co.)E ©|-8-3l] 2Hd3t TFFA S
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A 2o Buks FEME L Y=045, a=0.18, b=0.32
2 B3 ¥ AMAA (Chromameter CR400, Minolta Co, Osaka,
Japan)E AH8-5t], 1715 YER = L(lightness), 4N =&
YERY = a(redness), &4 =& YERY = b(yellowness) k=
3t on, A3 ABE 2UE R A% 2dS Uz

T2 3ol olefsh Lol Aald

AB=V A L*+ Ad?+ Ab?

HE

Hee 31424 H=AQ first LR touch viscometer(Lamy
Rheology Instruments, Champagne au Mont d’Or, France) S
AHESEA, 05% T2 Alg 898 spindle L2 25T,
60 rpmel| A 573131

ORAC &3

ORAC(oxygen radical absorbance capacity)=7d < Talcott
<} Lee(17)7} @4ksl &4 S ol AME-SE B4 S ©] 83
Atk 498 A& 2 water soluble analogue of vitamin E,
6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic
acid(Trolox, Sigma-Aldrich Co.)& =2 3|8} om,
B8 AR A Zo= 4 phosphate buffer(61.6:38.9,
v/v, 0.75 M K;HPO,s9} 0.75 M NaH,POy)E A}-&-31%iTh
A S A st kst &g vl FFdo=
trolox S 10 uLE- phosphate buffer 50 mLol] §-3lj8le] A z=3}
A, =347]17]1= fluorescent micro plate reader(Infinite
M200 PRO, Tecan Co., Salzburg, Austria)E A3} 485
nmol| Al AA7} o] 7] (excitation) ¥ 12 538 nmeollA] W&
(emission) ¥| Al @35t # A& A= ATt

MEF U ME it 2
Aol o] &gt o FAAMELI)E T AEF 23
(KTCC, Seoul, Korea)°l| 4] T-¢13l] RPMI 1640(Welgene,
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Daegu, Korea) BIA & AM8-3F90 11, A 219 A frolAd 5
(HS68)= American Type Culture Collection(ATCC)ol| A &
&Futol  Dulbecco’s modified Eagle’s medium(DMEM,
Welgene.) 4] A] o] 10% FBS 2 100 unit/mL penicillin, 100
ng/mL streptomycin< 7 7}8Fe] 37C, 5% CO, incubator
(MCO-18AIC, SANYO Co., Sakata, Japan)°l] &-3-A|7 2+zh
| A ZA T

Mz =54

L132 3 HS68 Al 3] thet 592 MIT assay= 57 5}
Fom, igFd AEFE 5x10° cellfwell®] FE2 243}
o] 96 well plateol] 100 uLA Z7}3ke] 244 7F vl Fs}a,
o|F &2 HiA| N85 TEHE A2ld tha 2447
Bt wekatdnh vk & PBS &E8-Holl 520 methyl
thiazol-2-YL-2, 5-diphenyl tetrazolium bromide(MTT 5
mg/mL, Sigma-Aldrich Co.)8<Z 7} wellel] 10 uLA 7}
SEaL TA] 4A13E g5t v Fato] MTT7F Sl =] =5 si3]Th
O] % U 3] Al ASEAL dimethyl sulfoxide(DMSO,
Junsei Chemical Co., Tokyo, Japan) 100 uLE Z} wellell %7}
slo] 1087 ¥HS-A1A formazan A% S 93] Ll thS-
microplate reader(UVM-340, ASYS Co.)E ©]-83}°] 540 nm
oA FAEES 2

L8t ool et MZEE &0t

AEZRE G345 23517 98] MIT assay S A48}
™, L132 A ZZ 96 well platec] 5x10" cellywell 2 H-F35F
incubatorol| A 24A17t Bt vl gl Th vk & A|RE A
23tal 24A17F F<F wlFet o2 H,Ox(Duksan Pure
Chemicals.) 2 1 mM9] 52 H7}sta 3087 vk &
L132 A 3ol MTT(5 mg/mL, Sigma-Aldrich Co.)Z 2] &}
o 37Tl A 4A17 A AT 1§ A5 S Al At
Z} wellell 200 pLe] dimethyl sulfoxide(DMSO)E % 713t

- microplate reader(UVM-340, ASYS Co.)S A}-&-3}o]
540 nmol A FFEE SR AXES F= A5
FHEE 2T FFxo] U HEEE JeERATh

==

MMP-1 &84 &3

Ultraviolet BUVB)E &34 95 A 258 thd/2
B w2 Jgke 2A}8l7] 94, HS68 Al E3E] UVB
2 A1 & Bwedt s fE28 RS 24 well plaecll A 5x10°
cellswell =& F-F31a1 244)3F vl slo] A|EE H2}s
At} ©o|F, UVB FAlE UV #IZE o] &3dle] UVB
(280-320 nm)Z 20 mljem’ ¥ 7| ZA}8LT) o] uf, UVB
ZA}EES Chiang 5(18)9] H.arel] whah Al Q&g J3F
FA] ¢ 0™ A matrix metalloproteinase(MMPs) =7}
JUEE HA5l 2™ UV-radiometer(LP9021, Delta
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OHM, Padua, Veneto, Italy)E ©]-8-to] ZAMFS S43H5
o} AlZol 23 MMP-1 &4 Wske 47]9) 2ol =
ZALE M 3ol x| o} 3l A|RE A 2]skal 24413 7
v ket o2 YA E-E](3,000 xg, 10)F 5N S 343}
o] matrix metalloproteinase-1(MMP-1) human biotrakl] T}
&) ELISA system(Amersham life science, Arlington Heights,
IL, USA)S o] &3] MMP-1 2 S =435},

Pro-collagen Mgty &£H

HS68 Al 230 Exlapd g Bojd gdRS seHe
A2l o procollagen type 18] %S SA317] S8l
24 well plate®] 2} welld 5x10° cells/well =2 HF8}31
24713t v oFate] A X5 FASIAT ©] %, UVB TAE
MMP-1 Al &3 FLsHA 113 o}oﬂ © Uﬂ e ]
& AAstL TAE R 2elE ERE sEHE A
F 24417E MBI 7 well ZRE AES 5 5a00]
procollagen type-I c-peptide EIA kit(Takara-Bio Inc., Shiga,
Japan)®| Z} wellell H7beF & A ZALS] Wi o}
procollagen type 19| & 4= =% Fth

SA Azl
%‘%%4% 33] WA g o] P+ FHAZ eI
31 SPSS(19.0, SPSS Inc., Chicago, IL, USA)E o] -8-3}]
BALHANOVAIS AN HER 4 54 BEUel 49
J(P<0.05)< Duncan’s multiple range test= 717 s} t}.
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2R 2 AR E -E‘Z}%k% ‘4”394 TE, &
<, uronic acid, sulfate 3! F¢Hi 2 Table 19 UrE}lﬂ
Ak AbERE A D}%%Q FE&S 100
KDa(GPA-TI) o] el A 39.6% = 714 =gkom, 10-100
KkDa(GPA-II) 8.4% 2 10 kDa(GPA- 1) o]3tellA] 10.4%=

no\'

vehfe] 7H v 8-S YERISITE o= Kim 5(19)9]
Porphyra tenera(3| 25, ) 7}-1——r0H o] w79
FEolA EAbFo] AT E F&o] Attty B st
o ¥ ArAze}t fAE Ak L}E]r‘ﬂ AT}, %2, uronic
acid 2 Sulfate k2 100 kDa o] ol A 242} 85.82%, 32.85
/100 g 2 3004%2] 8 Lol 74 =9k, 10 kDa
o] &} Ex}ekol| A 81.37%, 27.89 g/100 g & 3338%= L}ERH
of Mg e s vEdth Foud ek
0.35-3.16%°] FHFolaL A Fe] Hers & vl
k-2 VERN LT ©]+= Hou 5(20)2] laminaria japonica
(P eh F3o]tke] EAFeE(1-144.5 kDa)d ol A 53
9 sulfate e T el o2 Jehdtia Hask
Ko, gqgFo Ak ?'5H ﬂlﬂi A&l F7Hek F9,
uronic acid % sulfate®} ThFet 749 Aol ofal gakst
244, v 9 gHA &4 5’% «4—""% nja gl =5 7R
JEe vHgn g A rh21,22). B5ErHE H

2R Rl 12 4484 3 2719 ¥4
2] Aol et AP B4 9B Z Ao And
.

Mz 9 M

=il

ZUgE 2 Exay 1‘4—%71—(10 kDa, 10-100 kDa &
100 kDa)e] A=& ZTHF L g a & 2 b @l 47
69.28, -1.17 2 10.39= UrEMJ Ao, A7FEEs] ool
Ne Bxtgo] 7ad] wel L a}(sns 85.96), a #t
(-0.63-1.50) 2 b %X(10.03-12.61)C Z7}et= A aS vehy
At B3] I HE 7|Fo2 B AE %k— GPA-IIo|| A
12498 714 231 GPA- 1ol 4] 17.04% 713 =4 Vet
AFEEEl thdoll A = kel HAads s Aol Wt
7} S7FeSiH: o= Fukumoto (23)9] AR} 9] A}
FE A AlsE Ao A A AT |, AAEd E
TEHEA ] oJ3) Aol ¥gtHtty Busigion E5E
7WARIAN el 2R At EslE el EAEE

o] e R ehsit

Table 1. Yields, sugar, uronic acid, sulfate and protein contents of crude polysaccharide and polysaccharides with different molecular

weights from Gloiopeltis furcata

Samples” Yield Sugar content Uronic, acid content Sulfate, content Protein content
i (%) (glucose, %) (GA”, g/100 9 (PS”, %) BSA", %)
GCp 60.1 7093+1.42° 18.68+0.74° 32.79+0.46° 398027
GPA- 1 104 81.37+1.67° 27.8940.57° 33.3840.32° 3162045
GPA-TI 84 83.76%0.12' 30.66£0.50° 35.87029° 0.88+0.24°
GPA-TI 39.6 85.82+0.60" 32.85+0.93" 39.04£0.31° 0.35+0.12°

])GCP, crude polysaccharide; GPA- I, polysaccharides with molecular weight <10 kDa; GPA-1II, polysaccharides with molecular weight 10-100 kDa; GPA-III, polysaccharides

with molecular weight >100 kDa.
)GA, galacturonic acid.

PS, potassium sulfate.

'BSA, bovine serum albumin.

o s W e

)

The values are means=SD of three experimental data. Means with different superscripts in the same column are significantly different at p<0.05.
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AR TR wE —t— el A 2R 7
< 40 36 P4l 4] 10 kDa ©] o]— A-1< 1833 P2 HE
7} +43H3 o1, GPA-TI®] 33.41 CPE A7} 71 =7

UrE‘rkkE‘r. Ol Lee 5(24)2] L71Ake] EAd] njx]= A&
2k}t gk Aol A AEAEE Bl A& AskE L,
ols ¥ Ffree S/ BHusliglon, o]= ‘ﬂx}%t
2} 43 A 9 -COOH”| 5] 7157154 = <7t
of o3t Aoz deA ool AeEsE Sl A
2 gewrt ZE Ao FuEch

ORAC &4

Oxygen radical absorbance capacity(ORAC) assay+ =73
o] ieksta @ e] Heluk ZEA 28H 3 e
A0 2 2.2°-Azobis(2-methylpropionamidine) dihydrochloride
(AAPH) Z3-E] F-=% peroxyl radicaloll T3t 272842 3
F=2 273, peroxyl radical <=3l tdt A A|7H}
Al &S BT Wgske 54 W ThRS).

ETE/MA fFH AbeRsE AR odRe
ORAC ¥4 A+ Fig. 13 Zth 500 pg/mLe] Foll A
=73t ORAC #-2 GPA-TICNA 180.07 pMZ 71 =2
rrst S UeRAI oM, GPA-T B! GPA-TIol|A 2zt
135.11 pM, 15249 (M= 25 ehflo] 20Hd-F 34.70
uMell HlE =& dAakst 243 JEITth o= Leet
Hong(26)%] &=l w& _I_J?;O] el el it
s}2A Aol ] ORACHES 29507 iMe] 42 Lehjo]
B A3l gaket AakS JeRfdeh 3k Hou $(20)2
laminaria japonica o] o] A58 ksl & A

oA gHitst 282 Eatikel] whet 2to] & VRl 0w
80 kDaollA 71 =& &/ vebdtka B asielet o]

200
a

§‘ b
& 150 . c :
oo }
=

100
=
2
5 50
C

0
GCP GPA-1 GPA-II GPA-III
Samples (500 pg/mL)

Fig. 1. Oxygen radical absorbance capacity (ORAC) of crude
polysaccharide from Gloiopeltis fircata and its fractions with
different molecular weight.

GCP, crude polysaccharide; GPA- I, polysaccharides with molecular weight <10 kDa;

GPA-1I, polysaccharides with molecular weight 10-100 kDa, GPA-III, polysaccharides
with molecular weight >100 kDa.
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& ZH 61 thFig 2A). A7FEE
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gol 540] fles gRlste] A By A s22
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Fig. 2. Effect of crude polysaccharide and polysaccharides with
different molecular weights from Gloiopeltis furcata on the cell
viability of L-132 cell.

(A), Cytotoxicity; (B), Protective effect against H202 induced cytotoxicity.

GCP, crude polysaccharide; GPA- I, polysaccharides with molecular weight <10 kDa;
GPA- 11, polysaccharides with molecular weight 10-100 kDa, GPA-III, polysaccharides
with molecular weight >100 kDa.
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Table 2. Hunter color value and viscosity of crude polysaccharide
and polysaccharides with different molecular weights from
Gloiopeltis fircata

Hunter color value

Viscosity
Samples” AE

AP L 2 b (@)
GCP  69.28+1.13% -1.17+0.08° 10.39+032° 4036£0.12°

GPA-1  8596+022° 150:0.02° 12.61+0.15° 17.04+0.19" 18.33+041°
GPA-TI  84.95:008' 138+0.02° 10992009 15.89+0.08° 30.97:0.26°
GPA-TI  81.75t044" -0.63+05° 1003037 1249+0.44° 3341+0.18"

GCP, crude polysaccharide; GPA- I, polysaccharides with molecular weight <10
kDa; GPA-II, polysaccharides with molecular weight 10-100 kDa; GPA-III,
polysaccharides with molecular weight >100 kDa.

The values are means+SD of three experimental data. Means with different superscripts
in the same column are significantly different at p<0.05.

T Atel ol tigt X B gats Polrr] 9t
o], HoO, 2] 3 L132 A| X tgt 2ksl4 =48
&t AX AEES SIS tHFg 2B). Al B &7
A0 AMEEE HOE 9 9349S 52517] wlid
in vitro =% in vivo A @] TS Aelekd 9 B4
20| A ateld &3S fiddhe 54 EEE o) 8Hn
UTH28). AHeA & i 3 AR g R AlE
B3 F3E GPA-TI 0.5-5 pg/mL 5504 87.34-103.85%
27 =& AE HE g9 Yepflon, GPA-T 2
GPA-TI9IA 247} 66.96-86.04% 2 77.03-94.76%2] T4 S
HolFo] 1 pgml FEolA Z0HdH(83.64%)°l Hls] &
AE RS EIHRE YEATE Lee29)® E5E7HA ]l
©] 3t gDNA 24s} A1 EA Aol A H00 <J3l Akste
DNAE E5Z7E e & Atshd &4 k4 98 o
Ehditte B 1ustg) o, o] ROS &4 A3 Add A
o= Huslith meb B5E7HE 3 Ak E
Oaie 2y &4 gaAlezm Ax Baavs
S7HA71= A= Al E T

MMP-1 &AM

E5E7M il wAEE ThE RS HS68 Al 25
0.05-1 pgmL F=2 A2 A7 50| glas 2l
O (Fig. 3A), UVB A& ©]-&g MMP-1 43 533}
STh MMP-1-2 type [ collagenase 2% E2|™ A EZ9] 7]
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Fig. 3. Effect of polysaccharides with different molecular weights
from Gloiopeltis furcata on MMP-1 activity of HS68 cell.

(A), Cytotoxicity; (B), MMP-1 activity.

The expression of MMP-1 in the UVB irradiated human dermal fibroblasts.

GPA- I, polysaccharides with molecular weight <10 kDa; GPA-1II, polysaccharides
with molecular weight 10-100 kDa; GPA-III, polysaccharides with molecular weight
>100 kDa.
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Fig. 4. Procollagen synthesis of polysaccharides with different
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GPA- 1, polysaccharides with molecular weight <10 kDa; GPA-1II, polysaccharides

with molecular weight 10-100 kDa; GPA-III, polysaccharides with molecular weight
>100 kDa.
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