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Abstract

In this study, we extracted a whole polysaccharide fraction from the sea hare, Aplysia kurodai, and screened
its functional properties using cell lines. The functionalities of polysaccharide and glycosaminoglycan (GAG)
were investigated with RAW 264.7 cell lines. The crude polysaccharides and GAG purified DEAE-Sepharose
chromatography did not show the toxicity on RAW 264.7 cell line in the range of 10~200 pug/mL, whereas they
increased the cell growth rate. The crude polysaccharides and purified GAG also increased the production of
NO, interleukin-6 and tumor necrosis factor-a on RAW 264.7 cell. Particularly, the purified GAG inhibited the
proliferation of stomach cancer cell line, AGS, up to 40% for 72 hr incubation, but not the intestinal epithelial

IEC-6 cell lines.
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224 Flavourzyme 500MGS} Neutrase= Novozymes
(New York, USA)o A #4392, DEAE-Sepharose 5=
A9} Superdex HR-200 Z-¥-& GE health KoreaAHSeoul,
Korea)ol Al 439, 2% S4S 93t a4
GAG % 1 99 Alek& Sigma-AldrichAHSt. Louis, MO,
USA)oll A Fdstath AE Ao AH8H WA= Dul-
becco’s modified Eagle’s Medium(DMEM), RPMI 1640 2
fetal bovine serum(FBS)2 Hyclone Co.(Logan, UT, USA)
o] AELE AFE3}FS AL, penicillin-streptomycin £ -8,
lipopolysaccharide(LPS) 52 Sigma Co.(St. Louis, MO,
USA) A Fh3tH o™ MTTI3-(4,5-dimethyl-thiazol-
2-yl)-5-carboxy-methoxyphenyl)-2-(4-sulfo-phenyl)-
2H-tetrazolium]= Promega Co.(Medison, WI, USA)ol A
FA3E ). vk TEE 7]7]= NUNC Co.(Langensel-
bold, Germany)2] #|&& AM&-3}4 T}

Ta FAZA R 1 gell 10
i Z<] 50 mM sodium phosphate &% (pH 6.0)S 3 7}s}t
3, 7180 sty @A FxHrt 1/500] HEE Fla-
vourzyme 500MGS H7138led 60°Ce] &2 x4 &5
o] FAA] 15412 <t 7 Eslst ATk A48 (3,000 g,
30®)3te] 42 M REAES] A5 ded HTEErt 3% H
Z= % trichloroacetic acidE #7}sle] A-2oA 308 WX|3t

%’Q‘GHGOOOX‘& 30)8te] gk Gl As A A
B2 40°C o]ato| A A5 o] Brixz} 60°] 2 w7}
FZE 9 5uf 9] ethanolS FH7}ste] &
AL AAA7 3, FAE2(3,000 % g, 30%)
e F5 OFFE AHESHATH

E-Sepharosedl| 2|5t GAGe| 22| 2 HH|

HH zHoZ FE3 FHFE 50 mM sodium phos—
phate buffer(pH 6.0)°] €3|A17] (50 mg/mL), &2 =
Ao 7 HEP3lA 7] DEAE-Sepharose Z3 (1.6 x15 cm)ell
200 uLE ¥, 24 Ry %9 50 mM sodium phos-
phate ¢4 (pH 6.0 2 A1 H 3 £, 2 M NaClS X3t
2E HFAE At f4 1 mL/min® 2 A3 ?“Hg}ﬁi
o §&d9 GAGE 254 nm°ﬂ/\1 AESIY. &
0~70 min°l A= 5 mL, 70~120 min°l A<= 2 mL%
o GAGE ®333t.
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Agol AHEE B A A EZFRAW 264.7 cell line), 91

A ZF(AGS cell line), 7 243 MEZF(IEC-6 cell line)=
BE A4 EF L3 (KCLB, Seoul, Korea)ol| A #Futo}
ALEEFATh 2 M EFE 10 cm well platedl]| A vl oFste] 15
Aol 2~33] AR, vl A= 10% FBS # A& &-f-3
AR E o] &3 A AEFE X 95%, 5% CO, 365
CE ZHE w710 A v st on, ix]= 2ol g ¥
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< RAW 2647 A M ZFE sttt S AE vt

Zet~A0) v g3 RAW 264.7 xﬂii‘ré 10 mL sloz

AEZE ZZ=TA dojuio] A3, AEE 10%

FBS7} % DMEM B A 2 8} Ok*}sat} RAW 264.7 A XX

F2 1x10" cells/well®] FE= 96 well platedl] #3538},

2417t B 35°C, F& 95%, CO, 5% & ZAH COuH| %7

AN kst dTh A& wiAo] AlEE HE F=7F 25 50,

100 2 200 pg/mlLe] S5 5o AlZFo] 23k § 244]

7+ Bt wikEt ATk NEF AEES 4317 98 MTT

A1k o]&3lo] microplate reader(Perkin Elmer 1420,

VICTOR™ X Multilabel Plate Readers, Waltham, MA,

USA)Z 490 nmoll A EZ =2 AT AXY =S
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RAW 2647 AIXFE 96 welldll 53 & A7} nlehe]
ok 70~80% =S ES w7HA HH"JO}%IE}. YEzTozE=
A8 mHE S, dA ERTFOeEE lipopolysaccharide
(LPS)E 1 pg/mLe] 52 AUt ¥4 0F F=&
& HF F%7} 25 50, 100 £ 200 pg/mL7t HEE A2 st
I, 74 GAGE 5, 10, 50, 100 pg/mLe] == A3ttt
Alg A F 2443F St i Fst Atk NO A/ &2 Griess
Ao 2 =43 Th Griess AleF2 5% HA-gdol 1%
sulfanilamideE ¥ 11 0.1% naphthylethylene-diamine di-
hydrochlorideE 4101 RHEUTh floll i3 AL o] 45
50 uLE 96 well plateol] #H3}ar & 7)9l Griess Al F 50 pL=
7],3H 151:1 Eo} /\1‘9‘01]/\1 H]._O_
o]-&3td 540 nmelA FF=
WHele AR E A8 &2
AlE Ao NO #8%e

A7 3‘? microplate readerS
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RAW 264.7 cell lineQ| TNF-a M 2ke| =F

RAW 264.78 96 well plateol] ®#53+ & npetol] <k 70~
80% A= @& WA wFsta. o]
FAE AYEE, vl 2T O R LPSE 1 pg/mLE im
ddor APTe ARe FEE delshe] 2N 5% A
ek A7 FE F ulF FEAL Astel AR
71(5415C, Eppendorf, Wesseling-Berzdorf, Germany)Z
10,000 rpmoll A 5&3F B4R E] AlA 4T A Z TNF-a9
A FS AT TNF-a9 A4 %2 TNF-a kit[Cat.
88-7324, Mouse TNF-a(Tumor Necrossis Factor alpha
ELISA Ready-SET-Go, eBioscience Co., Seoul, Korea)] 2
2 Z4sAth TNF-a9] 32 kit £3¢ TNF-a= %
A% FFFdel wet AlLbsk A
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RAW 264.7 cell lineQ| interleukin(iL)-6
TNF-a A% 547 22 Bz MEE vt
A8AE & & g F5AS Hsted 10,000 rpm°ﬂ/\1
S5EZ dAwy Al a2 A5 NS FH3 interleukin-69
S SAsIA . IL-69] A4 72 Mouse Interleukin-
Ready-SET-Go kit(Cat. 88-7064-22, eBioscience
’6‘]-%1\1} IL-69] g FF kitol]l £3+9 IL-6
el wet Ask
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IR Ui FHARE F1317] $5t rat <
I F(mouse illeum cell line)E 96 well
plateol] 1x10" cells/welle] F=Z BF3513 24A7F B9
QA AT ARY FEE G5t 24X B A g
T MTS AJekE o] g3t MEY AEES SH3t] FdA
zo gk SAARE Sk 183 GAE tig 4
A3t Hsted AGS AlEZF(human stormach
cancer cell line)Z 96 well platee]l 1x10" cells/well®] %=

B3 UAZ B AHAA A o) FEE Do)

of T2ARY B AL F MIT Aok o]-g3he] Az] 4
28 2953 AT BS99 B SYsA,

SAHXME]
EA 28 Student’s ttestES o] &3 H 1, hZTo o
3 EAH #9492 p<0.05, p<0.01 L p<0.001 FFoll A
Bk 1Y 798 HAE3A
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RAW 2647 cell line0f| CHEH MZSA

RAW 2647 cell lineoll Wi A189] 5A4S golr 7] 93
o &AM FE G FEE(ASE)] HF w5 25, 50,
100 2 200 pg/mLZ A sH 3, GAG 28 E(ASF)Y &

=% 1, 10, 50, 100 pg/mLZ A28tk ASES} ASF+
F719 FE FIol A M g S BolR]| FtomH,
2318 AMETL GASE ] ME FAEC] F7H8HE
H= el AcH(Fig. 1, 2). MTTol 28 AX 5o
B2 Aoldle AE S EZ=gotd e 4L A%
Lo 9ot =gt 84 712 MTT tetrazoliumo]
AAAE e H4EA449 MTT formazan[3-(4,5-dime-
thylthiazol-2-y1)-2,5-diphenyl-tetrazolium bromide] S 2
a9 Are Hs AAHoeE, o HgdA S4
FHEE Holglw At FHT HES RS N d
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Fig. 1. Cell viability of RAW 264.7 cell line by treatment of
crude polysaccharide from Aplysia kurodai for 24 hours.

“p<0.01, ""p<0.001; compared with control group.
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Fig. 2. Cell viability of RAW 264.7 cell line by treatment of
glycosaminoglycan purified from Aplysia kurodai for 24
hours. “p<0.01, “"p<0.001; compared with control group.

AalAt. AUYE] AESAS 8213 AT E Pan 5
(12)& 4% slZ=F2 RAW 264.7 cellol i3 &£ E*é—%
=43 A9 deg FEEL 4 pg/mLe =
xo gt 542 YeERA &%t g4 fucoidana éi%

of Ffre £ o= st oz e ksl SIS
FAAR o2 3= YL AE Cumashi 5(13)2 959 |27
1:'

fucoidan®] &% Aol A anti-inflammatory,
antiangiogenic, anticoagulant, antiadhesive &35 Ei‘é}
o, ol EF/E T L2 Fe w4
d 559 7Hs4E AT

FE FE9

FEEY WA £

RAW 264.7 cell lineQ| NO AiAdZF H5}
T4 O3 FE2E3 GAG EYEo] fAAE A3 o3
3t
3

= F913}7] 95t RAW 2647 N EF] TAoA F5

T FEEY GAG B85 FEE GElste] 4A7 A2t
I NO A7 ¥slE S43tAth(Fig. 3). LPS ¥ A EE
A tA e HETe NO AT vusdS o, o
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é
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Sttt #4 T & 50 pg/mL F



MEFZ o] 83 74 TdFF9 Glycosaminoglycand 7154 74 17

3500 . -

3000

2500 r

2000 r

1500

1000

500

0 /

N \(0\ o \" \ \ o o \%
et v &P W oW 0 "Q\:? oW 0™ o
5 K MOF R

Fig. 3. NO production of RAW 264.7 cell line by treatment
of crude polysaccharide (ASE) and glycosaminoglycan puri-
fied from Aplysia kurodai (ASF) for 24 hours. LPS: lip—
opolysaccharide. ““p<0.001; compared with control group.

llg/mL°ﬂ/\1-E 1558}, 200 yg/mLe] Tl = 185819 =
Z71E 1Yt 4 GAG 28 EY A9E T FEEH
D]— O & NO AAHEHS RAFHY. F 10 ng/mLolA 26
i, 100 pg/mLo A= 30817 A= S7H4S B AT}
F74goll wek NO /g &) S71e 18kt LPS 1 ng/
mL7 ¥ e o) 74 GAG £8E 100 pg/mLe] 79 Hl$:
Sk NO A4 %S Yeddt) o] 22 AF= 74 GAG &
gEo] ANEE 43S AASA
28t (NO) = At 4 A EA(NO synthase)oll 9
3l 4kA £4}9} L-arginine?] guadino nitrogeno Z 5 A}
/“5“:} 2t e AW A8 7)eS WA 24
€ &S 7HA o3 g A Jom(14), HAAE
AGG AT, WM ZE, A EG A2 AE T oY /‘ﬂ
F oA LPS(lipopolysaccharides), IL-1, TNF-a Sl 93
gt o] AR T vl At A A4S A S 4Fst
2
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of
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=o] J1741 M EFNA LPS A gtel Hlst
AES FRAFAT o] AL WA

A 24 3l 7|Q3 g 1B

RAW 264.7 cell lineQ| TNF-a AdAdZko| H|mw

FE2EY GAG E8E0] TNF-a 4
&S dEo}aiEHFlg 4). 96 wellol| 4] 24417F
% A G FEEL XY HF T 50, 100 E 200
5122 10, 50, 100 pg/mLe] F%
® TNF-a9] A33FS SH3H9
T TNF-a A% 337.3+£178.2
1 pg/mL *8]7-& 932.9+42.7 pg/
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Fig. 4. TNF-a production of RAW 264.7 cell line by treat-
ment of crude polysaccharide (ASE) and glycosaminoglycan
purified from Aplysia kurodai (ASF) for 24 hours. LPS:
lipopolysaccharide. "p<0.05; compared with control group.
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RAW 264.7 cell line2| IL-6 2444

Ta T FEEY GAG 2EE AHF Al IL-6 &S 1
W] BE B g 2FEE 70415 pg/mLeley, A
9 FEE 50 pg/mL2 1,2484+50.1 pg/mL, 100 pg/mL<
1,197.7£67.0 pg/mL, 28] 200 pg/mLL 1,223.5+109.9
pg/mLE AdZo] 2A F71eFAHH(Fig. 5). GAG 23 &=
T FEEY v AT FUHE B, A 9 FE
2 GAG 28E2 IL-69 AETFS A F7HHEE &<
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Fig. 5. IL-6 production of RAW 264.7 cell line by treatment
of crude polysaccharide (ASE) and glycosaminoglycan puri-
fied from Aplysia kurodai (ASF) for 24 hours. LPS: lipo-
polysaccharide. “p<0.001; compared with control group.
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Fig. 6. Cell viability of AGS cell line by treatment of crude
polysaccharide (ASE) and glycosaminoglycan purified from
Aplysia kurodai (ASF) for 72 hours. “p<0.01, “p< 0.001; com-
pared with control group.

sto] LA EFA AGS

a7 12 23 AT (Fig. 6), 241 7Fe] A 83 X Tl A
= A% 94 5948 A F= dqoh 2 242
AFE AH Fol= gz tiHlste] 74 F FEE 50 ng/

mLE 889+85%9 AEES, 200 pg/mLolAE 695+
11.9%, T4 GAG E3E 10 pg/mLe) 3$-+E 68.6+14.5%,
100 pg/mLol A= 59.4+4.6%2] AEES B 40% 7H7hE
GHEe] AFAA 858 BAT AFAES Fdase
e AFE E fFoll ARA Fojdo] QIzF FHAIES]
A5499} Fr A E ) MCF-741329] sl 1.0 mg/mLY &
COJW 7#% 69. %4 83.3%9 A& A& YEhH AL,
EAE 55% 01“4 &4 01 YERTH19). =
¥ F AGSe| tist

9} Zro] A& GAG = & %%%J Jéﬂ%‘r%ﬂ =
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Rat intestinal epithelial 2] A3 IEC-6E W A+
A E A vX e YIS Dol AI(Fig. 7), 24X3F
wFsldS o #4& T FEELS 100 ug/mL3 200 pg/mLe]
FEANA fFoFQ F/MEAE RAFAY. 277 vl
S W #4 GAG £33 E 50 pg/mLeF 100 ug/mLell A
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Fig. 7. Cell viability of IEC-6 cell line by treatment of crude
polysaccharide (ASE) and glycosaminoglycan purified from
Aplysia kurodai (ASF) for 24 hours. "p<0.05; compared with
control group.
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