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Abstract

We extracted polysaccharide from the sea hare, Aplysia kurodai, purified it partially, and experimented its
immune response using the human blood lymphocytes and macrophage cell lines. Aplysia kurodar polysaccharide
fraction (APF) improved the growth of the T cell (Jurkat) up to 40% by treatment for 48 hours, and decreased
the growth of blood cancer, Jiyoye cell line. The APF on RAW 264.7 cell also increased interleukin-12 up to
47%. In contrast, the secretion of interleukin-2 and interferon-gamma by treatment of only APF or APF and
concanavalin A on Jurkat for 24 hours and 48 hours didn’t influence significantly. These results suggest that

the APF has possible immune regulating ability.
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of B g F -20°Ce) WEare] Bys
Fo. 9wE Ba g 42 A Flavourzyme 500MG$ Neu-
trasex= Novozymes Korea(Seoul, Korea)ol| A -3} 2.
™, DEAE-Sepharose %] ¢} Superdex HR-200 7922 GE
health care Korea*}H(Seoul, Korea)oll A 3k ar, ¥4
Z4S Y3t ZFTENAY GAG E I 9 Ak
Sigma-AldrichAHSt. Louis, MO, USA)dlA F 3R T
A E Ao AFE-F vl A= Dulbecco’s modified Eagle’s
medium(DMEM), RPMI 1640 2 fetal bovine serum(FBS)
£ Hyclone Co.(Logan, UT, USA)9] A|EL Al&3l9 11
penicillin-streptomycin &3H-&9, lipopolysaccharide(LPS)
5& Sigma Co.(St. Louis, MO, USA)o| A F43}F o
A EZ2 ZHL CellTiter 96° Aqueous One Solution Cell
Proliferation Assay(Promega, Madison, WI, USA)E %
sted ALg3lA T vl #HE )7l NUNC Co.(Lan-
genselbold, Germany)2] A|E& A&l oW, Alo]E7}Sl
S A3 2% 71E Al BT eBioscience Co.(Seoul,
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o] AL YR (3,000 g, 30E)s 7R NE] 45
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DEAE-Sepharose0l| 2|5 ZA|

HA 2oz FE3 0FFE 50 mM sodium phos-
phate buffer(pH 6.0)o] €3|A1%] (50 mg/mL), £ &=
oo 7 HHH3IA 71 DEAE-Sepharose ZHE (1.6x 15 cm)oll
200 pLE ¥, 4 F399 T2 50 mM sodium phos-
phate &Z A (pH 6.0022 A#H3 & 2 M NaClS X3t
2o SFdS ALY §45 1 mL/mine 2 A¥ Fulsks
o g2 89 OYFE 254 nmollA AEIUT &5
0~70 min°| A<= 5 mL, 70~120 min°| A<= 2 mL¥ £33}
of BE A F4 O I E(Aplysia kurodai poly-
saccharide fraction; APF)& ¥ ¥ o] AL-&3}ch

Z

Mlzzo| HH 2t

Ao AF83F T cell(Jurkat)® B cell(Jiyoye)& &%}
HAE(KCTC, Daejeon, Korea)oll A &Frto} AFE3}19C
H RAW264.7 cell-& =4 L3 (KTCC, Seoul, Korea)
oA ol AgstAT 2t MEFE T flaskoll A Al &3t
Aom 2~3Yl 3 HA A v E e FHA 15
dof 2~33] AHstA L, WA= 10% FBS #iAE &/
RPMI 16409} DMEM 43 A & o] &3ttt A ZF< &
% 95%, 5% CO», 365°CE ZHH aj 7)ol A vkt Hch

-

plateol]
L ES ARG AR HF =701, 1,10 % 50
pg/mL7t B =5 ZAg A& 73 Aol 10 uL 7}
sto] AA7IE T wi st AE SFHES SAA
BT celld] #£3F #9 AX S45E M
gxTols FAE AHXTS, vl g

concanavalin A 50 pg/mLE *] X]|3}o] 24A17F 5ot v 3}
I, AETd e w4 b E9=59 HF5

9 50 pg/mLe] E=& AEE O 7F3taL v sttt 3A13F
I 6AZE T A FHES SAATE AX FHES
2% Promegarloll Al 743 CellTiter 96 Aqueous One
Solution Cell Proliferation AssayZE ©]-83l &43FAh.

Cytokine2| Mddgt &5

Interleukin-12(IL-12)¢] A F SA: dAAxFA
RAW264.7 cell& E3le] IL-129] AMAHFS =AY
RAW264.7 cell lineS 24 well plated] #F3F 5 24A|7F
ot wjokste] A7} ulgte] & BRAEE 2 3 wjA =
AAT F A& HFF=701, 1,10 % 50 pg/mLo] &
2 ZA 8 uA] 1 mLe F7Fe 3 24417 S wj ksl

E

¢

vl A5 AE F3sled 10,000 rpmell A 583 A4 Ee2Ela,
I AT NE A IL-129) BAEFS SAAT IL-129]
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A FE Mouse Interleukin-12 ELISA Ready-SET-Go
kit(Cat. 88-7126-22, eBioscience Co.) 2.2 =334t} IL-
129] & vluwes gzl tiHlg WEEE JeERy A

Interleukin-2(IL-2)¢] AT &4 Az NI A=<
JurkatS 53] IL-29] A S =HstG Tt Jurkat cell
lineS 24 well plateel] 1x10° cells/well?] FX 2 900 L&
T3t Th 24A13F St BB F HAFEFETH0D, 1,
10 2 50 pg/mLe] HF=F ZA 3 v X E 100 pL& ¥ 713t
B 24N ZF =9 vl kst T 24X 7F vl ks & uf ok AF =
S #3}le 10,000 rpmol A 5EZF P94 EE5dT O 3
HE A IL-29 AHFS SH3AT IL-29] AdHFS
Mouse Interleukin-2 ELISA Ready-SET-Go kit(Cat. 14—
7128-67, eBioscience Co.) 2.2 ZA 3} T} 1L-29] k]
e fE2T W AT AAAFES HESE vty
e LT

S T cello] #3} Fo] IL-29] A =S vlastr] 93t
o JETFIAE FAE AXTES ¥ WELFOEE con-
canavalin A 5 pg/mLE A X]3}H o Al o= 5 pg/mL
9] concanavalin A9} &4 T4 OF FEES
2 50 pg/mle] HEF A% v A E 100 uLA S
2417 F Aol A stk 24417 w e &
S #3ke] 10,000 rpmoll A 5&7F A4 st
AE A IL-29] AFFS S8t IL-29] A4
Yo} e wyog FPon IL-29 StFH|AE= con—
canavalin AYHS 23 vl th 27l tisk AlgFe] A
FE WEEE Hlwste] YeER AT

Interferon-gamma(IFN-y )¢ A% =4: Q¢
A ZQ] JurkatS 53+ IFN- 7 o A TS 34
Jurkat cell lineS 24 well platedl] 1x10° cells/well?] =
900 pLE #F3HATh 2447 St A F HFEE
7} 0.1, 1, 10 2 50 pg/mLe] H == ZA3 v A 100 yLS
A7bek & 2472 Bt ml ST S AT HES kA
10,000 rpmoll A 5%t G4 sk, F5 s
r9 AAES =AY IFN-7 o A %S Human
Interferon-gamma ELISA Ready-SET-Go kit(Cat. 14-
7318-67, eBioscience Co.) 2.2 =43} t}. IFN-y o] &
vl e tjxatol it Alde] AdeS WiEkg= vlwst
o] e AT

LS T celle] 31 39] IFN-7 9] AAHE ¥ s}7]
Aste tzTele FAIE AXTFE, ¥la gEzFe
concanavalin A 5 pyg/mLE *8slR e, Aol = 5 pg/
mL9¥] concanavalin A9} 84 #+4 g FEE5 01, 1,
10 2 50 pg/mLe] HEE Z2AF A E 1
T 24X Bt vl ket ATt W AT

rpmol A 5E-7F A4 310}31 }‘]'l:o‘ HS Hal
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AFE S
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E7 BEXL Student’s ttestES o] &3tR L, thETd o
3 EAF FA2 p<0.05, p<0.01 E p<0.001 =0l A
Pk 1Y F98e AFs

v

7 Ag e
Zont 3 nE
TAh A FE3 FFERE DEAE-Sepharose Aol

A BB AAE polysaccharide fractione A K (11,12) ) A
Hgh uke} o], 71& FeEE 75k o|dH @oivt A
A A= F 55% oldS AHASAL 3w, N-acetylga-
lactosamine, N-acetylglucosamine, fucose, glucose, gal-
actose, 7] %] mannosed}t xylose®Z FAH ] AR} o]F
ol ;] N-acetylgalactosamine, N-acetylglucosamine®] 70%
o]’& A8k, @A 9] threonine F+7]ol] O-AZ =
GIcUA(2S)-GIcNS 9} GIcUA-GICNS(6S) T+Z2 5 7HA|aL 9
© 53 A2 JeEth o]AS A2 3t WAz F
of MX= TS golr Ut

T cellJurkat)e| B4l

HAREE2 o5 o] EHo] F&o Fo] =HWA T cell&
AEA B HkES Jo 7| B cell2 FAS HAs A
AN W wk3S Yo th13). T4 T FEEC] T cell
o mX= FegFS Folr 7] ¢35t Jurkat cell2 T cell?]
ZF45E ZA43YTh T celll A48 dzvd ¢4 9%
BIES HFHE7H 01, 1, 10, 50 pg/mLo] H == 2|3
T 14y 2 5 viE T A X9 FAES Jolr g}

(Table 1). 24A13F Bl Al 4 ©FF B8 E 0.1 pg/mLolA

= 178%2 ZS7HE S, 10 yg/mLe] =AM = 262%2 &

7S, 50 pg/mLe] TR 364% 2 &7t 71l

wal froF <l F24E 9] 27}2 glg 4= ATk 48417

Hi &F Al ]': "1134 FHEL Txo g FUhe e,
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Table 1. T cell (Jurkat) proliferation by treatment of Aplysia
kurodai polysaccharide fraction (APF) for 24 hours and 48
hours

Cell  proliferation (%)

Samplec 24 hours 48 hours
Control 100.0+4.2" 100.0+3.3
APF 0.1 pg/mL 117.8+10.3" 125.7+9.4

1 pg/mL 126.2+3.7" 132.6+£11.0"
10 pg/mL 126.2+4.7" 136.1£12.7"
50 pg/mL 136.4+10.1" 145.7+6.0"

“Averageistandard deviation. “p<0.01; compared with control
group.
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Table 2. T cell (Jurkat) proliferation by treatment of con-
canavalin A and Aplysia kurodai polysaccharide fraction
(APF) for 3 hours and 6 hours

Cell proliferation (%)

Sample

3 hours 6 hours
Control 100.0+4.3 100.0+2.1
Con-A 120.2+126 1345+1.6
Con-A+APF 0.1 pg/mL 128.2+94 1405+7.7
Con-A+APF 1 pg/mL 126.9+11.9 140.2+3.0"
Con-A+APF 10 pg/mL 135.1+17.4 1425+0.7"
Con-A+APF 50 pg/mL 137.3+189 143.3+2.8"

s

Con-A: concanavalin A. p<0.05, “p<0.01, ™
with Con-A treatment group.

p<0.001; compared

TESE T cell® A=3}+= concanavalin AS A8 X8 #A
2407 T M & A o BEEL A AEe
st T celld S24%S &la B%tH(Table 2). Table
20 X123 & concanavalin A 8]+ v g7l B8] 3417k
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Fig. 1. IL-12 production by treatment of Aplysia kurodai pol-
ysaccharide fraction (APF) on RAW 264.7 cell line for 24
hours. LPS: lipopolysaccharide. "p<0.05, “p<0.01; compared with
control group.
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Jurkat celld] &4 % FE2ES A HsRS v IL-29
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24X Zh 3} 48A1TF il GF Al BF o) F ] AT FUME
A F Ao, A v BYES AT EE AF
oAM= fFoHQ AEFY F7HE 1 gl o1y
Sk Aibs 24XZE A EERE ol gl 48A1ZF A Aol E 2
Aot 283 Jurkat cell& concanavalin AZ A=3}¢]
IL-29] A4 HalE g213l9-S wjo)| =(Fig. 3) concanavalin
A vl 2ol Hl3] concanavalin A *]g]t-2 24417+ 2 48
Azt Wi A Al FYE0 F7HE AT, con-
canavalin A%} A A 82 X283 HZ73 v udRS w
TA O B35 9T IL-29 Y e AAE ¢
ARt 24X 7 F 48X 7He] A 7] Ao = T celld] IL-29]
AR & FTFE PHA KAt IL-2= 19754
bone-marrow-derived T lymphocyte®] A&&3 58S
7HAE ERARZ HEE YR Alo] EFFI0]th(13,18). IL-2
= oY f?_ A Eo) FgS FA T T cell growth factorgal
2 AEZ 71 S8 9L T celldl] ek Ao 2 CD4+
T cell?} CD8+ T cell®] 415 F3A7]= Bloltk16). =&
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Fig 2. IL-2 production by treatment of Aplysia kurodai poly—
saccharide fraction (APF) on Jurkat cell for 24 hours and 48
hours. Con-A: concanavalin A. “p<0.01, “p<0.001; compared
with control group.
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Fig. 3. IL-2 production by treatment of concanavalin A and
Aplysia kurodai polysaccharide fraction (APF) on Jurkat cell
for 24 hours and 48 hours. Con-A: concanavalin A.
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F R 48AIZE Bt sEHEE A st -y BAFS
=38 BYoh(Fig. 4). 1 A3 OV\* EHJZ_—ELEE A A gk
concanavalin A A 2] I[FN-7y AAdFL F992A 44
FE7HE G0 F oY TA O BEEY F-5ol
= 1A F BAZE AT ERoA A0 A E St
2 o ¢+ gk 28 Jurkat cellS E3AIZ F
IFN-7 o] A& vlastr] 9iste], 4 o 29&3
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3 2 tch(Fig. 5).
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Fig. 4. IFN-7 production by treatment of Aplysia kurodai
polysaccharide fraction (APF) on Jurkat cell for 24 and 48
hours. Con-A: concanavalin A. ‘p<0.05, “p<0.01; compared with
control group.
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Fig. 5. IFN-7 production by treatment of concanavalin A and
Aplysia kurodai polysaccharide fraction (APF) on Jurkat cell
for 24 hours and 48 hours. Con-A: concanavalin A.
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Table 3. Jiyoye cell proliferation of Aplysia kurodai poly-
saccharide fraction (APF)

Cell proliferation (%)

Sample 1 day 3 days 5 days

Control 100.0+6.4 100.0+£14.5 100.0£5.0

APF 0.1 pug/mL 97.7+5.3 745+9.7 76.7+4.8"
1 pg/mL 101.0+49 72.7+3.3" 75.7+£5.0"
10 pg/mL 96.7+3.2 69.8+3.7" 72.3+6.7"
50 pg/mL 94.3+95 685+6.3" 60.0+14.8™

"p<0.05, “p<0.01; compared with control group.
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