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Abstract

In this study, Sargassum coreanum was enzymatically hydrolyzed to
prepare water-soluble extracts by using five carbohydrates(Viscozyme,
Celluclast, AMG, Termamy and Ultraflo) and five proteases(Protamax,
Kojizyme, Neutrase, Flavourezyme and Alcalase) and evaluated their potential
antioxident activity.

The Celluclast and Neutrase extracts of Sargassum coreanum exhibited
better DPPH radical scavenging activities(92.42% and 92.78%, respectively)
and hydrogen peroxide(H>0,) scavenging activities(58.28% and 57.97%
respectively) compared to other enzymatic extracts. Celluclast and Neutrase
extracts were fractionated using millipore’s Labscale TFF system with
ultrafiltration membrane(bkDa, 10kDa and 30kDa). The resultant fractions
were collected according to the molecular weight(<5kDa, 5~10kDa, 10~
30kDa and >30kDa). Among all the fractions, 5~10 kDa fraction showed the
highest H2O, scavenging activity and >30kDa fraction showed the highest
DPPH radical scavenging activity. Also, 5~10kDa fraction strongly enhanced
cell viability against H»O»-induced oxidative damage in the chinese hamster
lung fibroblast(V79-4) cell line.

Celluclast and Neutrase extracts of Sargassum coreanum were examined
for a potential antitumor activity against five tumor cell lines such as
CT-26(mouse colon carcinoma line), U-937(human monoblastoid leukemia cell
line), HL-60thuman promyelocyte leukemia cell line), HeLa(woman cervical
carcinoma cell line) and B-16(murine melanoma cell line)

>30kDa fraction inhibited cell growth on the two tumor cells than the
other fractions. Especially the fraction significantly showed inhibition of cell
growth against U-937 cell and HL-60 cell.

Therefore the dose-dependent effect of >30kDa fraction on U-937 cell and



HL-60 cell were further investigated and the results are showed clear

dose—-depentent antitumor activity on U-937 cells and HL-60 cells.

It was also revealed that >30kDa fraction increased DNA fragmentation,

apoptotic body and sub-G; DNA contents in U-937 cell and HL-60 -cell.

These results indicate that >30kDa fraction of Sargassum coreanum

Celluclast and Neutrase extracts can control U-937 cells and HL-60 cells
through apoptosis. Therefore, >30kDa fraction has a potential antitumor
activity.
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=0 Hagyel SARAN g4aFEEl SHEHE Lotry] Al WEd AE

(CT-26 cells), WM& A E(U-9373 HL-60 cells), AF&t A ¥ (Hela cells) 2 3] 5-<F

M 3E(B-16 cells)E ©]-&3}e] MTT assay, Comet assay, cell cycle

1 western blot2]
apotosis Fr=7]2& F3l A ME FAAALL S dolrE Ut
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Part 1

£ 9 Z & vk(Sargassum coreanum) 7] &9 EFE 2L

BELFEFEY FUFFAH FH
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Part 1

£ 2 A vk (Sargassum coreanum) 7] &0 £33 E 2

E2FEEY JUHBY 34

S AN (Sargassum  coreanum) 718w FE=°9 DPPH AAZAHLS
Chloroform¥} Ethylacetate & oA 81% AXx o &S e, F#84 i
A 7HE e 2.55% 9] &4 YEFWTE Ferrous ion €42 n-Haxaneol A 68.61%
2 74 =9k2 ™ Chloroform F& &2 1241% % 71 WA Yebsth HoO 2A S
AL OiFEo]l 80% ol &S HAT F EZu s Ethylacetate$}
Ethanoll A Z}2} 0.1764mg/me} 0.1729mg/ml = n-Hexane®] 0.0294mg/m¢ Bt =
Al e

FEA oY @A RS g4 B0 DPPH o 2AZ4 2 88% ol 4S
Bl A 22, Neutrase EAFEES A2 93%2 2ATAHS BAY. H0 2AEA
o) ] = Neutrase®} Celluclast EAFE=9 O EAFZEHT A & &AL
e Ydetiith. DPPH #td 2z 2AZA A E >30 kDagl #F &M= A 4

Lo x 2 Q= 454l BHA, BHT 2 a-tocopherol E.tlx oF7F =2 F3fika

2AEE Byt HoOy 2A A A= Neutrase?t Celluclast £42FF &2 5~10
kDa 3 &°] t& T3R5t =2 2 AGAAS el o, 2xA3E 2959

=
TEEAAME 2 AR} vUskth DPPH radical 2AZA % 2H2F 80% o]/ vhed
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AFA ol A AAsta e YRR Sargassum coreanum)< A%l &
2o o] dE AAT T AlHste] w23} o35 25 mesh ©|sH7)F H =5
B fste] E23tsitl, AFgE §43E Novo. Co.(Novozyme Nordisk, Bagsvaerd,
Denmark)oll A At T = S48 5 GE3] £4 5% (Viscozyme L, Celluclast
1.5L, AMG 300L, Termamyl 120L, Ultraflo L), @& ®3] &4 5% (Protamex,
Kojizyme 500MG, Neutrase 0.8L, Flavourzyme 500MG, Alcalase 2.4L)< %) &} o]
ALESEATE ols @45 HA pHe %% Table 1.0 YERALL
1,1,-Diphenyl-2-pricrylhydrazyl(DPPH), thiobarbituric acid(TBA),
Trichloroacetic acid(TCA), 3-(2-Pyridyl)-5,6-di(p-sulfophenyl)-1,2,4-triazine,
disodium salt(ferrozine), butylated hydroxyanisol(BHA), butylated
hydroxytoluene(BHT), a-tocopherol®} linoleic acidi= Sigma Co.(St. Louis, MO,

USA)el A Tdskalth oL ahe] Alefse 48 555 AHEshal
2-2. SUAEAS] Ak R 24

AOAC(1990)°l whe} -2 4

=%
AL semi-micro Kjeldahl® 12]3l 3#E2 A3 HoRE At &@43tE

i
—
o
97
3
N
A\
%4
ny
BN
i)

W

422 phenol sulfuric acid¥ &2 =4 3k},

REatalyl 29 R Auk(Sargassum coreanum) 30gS A 7F BRbE wbS-7]
of Wi of7]e] 70%(v/v) &g 3LE o] 80TolA uukelaA 244 7F F<F
FEodoh WHSFE F FE9S Whatman No. 1 A2 o33t tf2 of 7}
< n-Hexane¥} 1:1¥] &2 &E§3le] EdoFo] HAXA 7] thS HexaneZs I &

Al chloroforme 1:1H] &

o[)lv
HU
ot
b
2
0
[©]
o
j}
o
ofNi
. MlO
ok,
1
P
A
o
2
ofNi
2,
o

8 M=o Ethylacetate, Butanol=
H

9 AL FP3trh o] }AH o7 Ethanol, n-Hexane, Chloroform, Ethylacetate,
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Butanol % &3 6714 &g ES A XAtk (Fig. 1). o] £8E9 &wE
SEAIZL F Methanololl &34 7 100me= A-&sto] AT o {F7]&0 F=&

mg/ml = Z 438 Tt

2-4, A RAN §AFEE A X

REatalyl 2 A (Sargassum coreanum)S 1% &4 100 mME wHEo] 7]
tHH] 10%9] &4 100 (== mg)s H7bste] 742 a0 HH 2=k pH =3
o wet 12417 §¢t Zh s stk bR T vwkgEES A s ¢
3 3,000 rpmoll A 2083 A EE s S ds AL SHd A s EE

5 ¥ES SAsUT A3 o 7 34 FEE 5 2 ng/mE ZEEA

B

_14_



Table 1. Optimum hydrolysis conditions of the enzymes used for preparation

of enzymatic extracts.

47 271
g a
pH =%(TC)
Viscozyme 45 50
Celluclast 4.5 50
AMG 4.5 60
Termamyl 6.0 60
Ultraflo 7.0 60
Protamex 6.0 40
Kojizyme 6.0 40
Neutrase 6.0 50
Flavourzyme 7.0 50
Alcalase 8.0 50
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Al EY= Az

N}
cﬂw
rlu
Ho
!
_|>i
rE
fol
P
i
m
i
i

=9

50C)¢k pH(45, 6.0) =31l wet 1243 &<k 7hes) stk 7kl d s
n kS 545 AAS7] 98 3,000 rpmollA 2083 AR FEFAS Fig.
2o YebA Millipore Labscale TFF system< ©]-&3}o] 2tz 5 kDa, 10 kDa %
30 kDa®] ®E#HIE o] &3l 47FA] FAFHE (<5 kDa, 5~10 kDa, 10~30 kDa

% >30 kDa ) #9 =5 A x5
2-6. DPPH free radical scavenging activity

FEE9 AFHY? 2AEAH L Blois (1958)9] WHS Wyt AR5
(Electron  donating ability, EDA)o.Z ZAs3ith  40x10° M DPPH
(1,1-diphenyl-2-picrylhydrazyl) &<} 2.9 meo] zZ} EAEsA 01 ME Yl 5%
WREE] 304 3F WESAIZL & 516 mmoll A FEEE S5kl diEzTel tigh

RILY
YR A NN AAFIEE EAT

2-7. Hydrogen peroxide scavenging activity

H0, 2AEAd2 Miller 5(1985)¢ ol we} S8ttt &, 01 M
phosphate buffer(pH 5.0) 100 @} sampleE 96 microwell plated] A &3+A]71
ok oAl 20 el HoOxE H7IAIZ7]13L 37TCAA 53 db-gA] 71ty whgo] £yt

% 125 mM ABTS ¢} peroxidase (1 unit/ml)ZS Z}z} 30 wlH 718t HE2 o

HU

37CoN A 1027+ ¥+&A]A ELISA readerZ AF&3al 405 molA] A =S =
=3

o
ro
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Largassum coreanum

Extration for 24hrs with 70% hot ethanel (30003

Fitrate = Ethanol extract — Ethanol layer
l Hexzane

Hexane layer— water layer

Chloroform

Chloroform layer —  water layer
Ethylacetate
Ethylacetate layer water layer
Butanol
Butanol layer — Aqueous layer

Fig. 1. Scheme of the organic solvent fractionation of Sargassum

coreanum
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MILIPORE 2
Labscale
TFF Systern

fraction

Fig. 2. Ultrafiltration membrane system for fractionation of Sargassum
coreanum enzymatic extract according to the molecular weight of

constituents.
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2-8. Metal chelating assay

Metal chelating's2 Decker®} Welch(1990)2] ®WHel wel A3t A&
0.1 meoll A4 0.1 me2k 05 mM FeCly 0.025 meS &33F F 550 mmoll A &%
Z(Abs. DE SAS sta o] £¢Eo| 25 mM ferrozine 0.025 mE 713k &
Ao A 207 WA v 550 mol A FEF=(Abs. 2)5 SAsAH AL
< Ued 2
Ferrous ion chelating activity(%6)
= [(1-(sample Abs. 2-sample Abs. 1)/(control Abs. 2-control Abs. 1))x 100]
positive control @ EDTA

2-9. Total polyphenolic assay

o
i)

| =332 Chandler?} Dodds(1983)¢] wWiel we} AU AlE 1 me
of 95% olete 1 ml, AAF 5 ml 2L 50% Folin-Ciocalteu reagent(Sigma
Chemical, St. Louis, MO) 05 mE &33ste] 527 WA £ 5% NaCOs 1 ml
E #H7bst amNkAZl thg 1AIZE B Fhol & F gallic acidE XFLE 3
ol 725 molA FFE=ES FAsUTh A S Y(ng/m)=10.668X - 0.01220] 1L
blank+ 95% of &= AF-&-aF AT}
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iz

st ofel SlEF

S

FA

=4

=

AHe ZA B AN (Sargassum coreanum)-<
o] gaFo] HA oF 67%

A=l

A

—_
fite)

Ton

el
il

%0

o
o
-
i,

%

K

il

7o

)

LHER A

=

=

12.77%

ey

[e)

[

=

1.33% W <] 9]

il

n-Hexane,  Chloroform,

Ethanol,

[e)

=

coreanum)
5o 7l
Table 3.0 YEMNATH

=N

2 A AWK Sargassum

Ethylacetate, Butanol

TP
o
olo
i+
o]
o
i+

o)
;oT

™~

|ulE SEA

=
=

SEREE!
2076%= 7 A vehon] o the

2~ 0
T

Ethylacetate %2 & ©] 852%<]

e}

LA

<
B8R

el

UElW o™ n-Hexane &8 E0] 1.38% = 714 22 &8

=
=
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Table 2. Chemical composition of Sargassum coreanum(96)

C ) . Carbohyd o
Scientific name Moisture Ash Protein . Lipid
rate
Sargassum coreanum 4.30 12.777 14.40 67.21 1.33
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Table 3. Yield(%6) of various organic solvent extracts of Sargassum coreanum

After solvent extraction

After solvent evaporation

Organic

Total ) Total i
solvent Content content Yield Content content Yield
(mg/ml) (%) (mg/mf) (%)
(g) (g)
EtOH 5.87 1.47 4.89 95 0.95 3.17
n-Hexane 0.47 0.86 2.88 4.13 0.41 1.38
Chloroform 0.53 1.38 4.59 6 0.60 2

Ethylacetate 2.47 2.96 9.86 25.57 2.56 8.52

Butanol 2.4 3.16 10.54 13.17 1.32 4.39

Aqueous 21.6 6.61 22.03 31.13 6.23 20.76
Residue 12.40 41.33
Total 28.84 96.12

* Sample weight : 30g
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3-3. A EAY] 778 FE=9 Hud 2]

U
i

ZHe(Sargassum coreanum) 7181 FEE9 g 2AGH T Zg
His el Z3E Table 4.0 yebigith. DPPH &7 €42 Chloroform
Ethylacetate ol A 81% HEo A& BYow, 8
255%9 2445 dEbdith. DPPHE Abrete o] dnbA el gheh=olal o8 7}
A @Akst A2 AEtdE Aes wrkE W b 2

(Hatano et al., 1989). {9 A-Fedzd 2AAZEES A4 &9 22F&

(ethylacetate) ¥} ## o] = ko] 9l

[¢]
ok
e
=
o)

\
N

o)

¥

lo

14
i

Ferrous ion 42 n-Haxaneol A 6861%% 7} =3ko™ Chloroform F%

B2 1241%2 7Hg S versteh A, e, gRkat o] delg&olgEe B
A)

£ #7140 RAAoR REH gov A N, APHOE B

S 3l APt o= o= d# A dth(Halliwell, 1991). Metal
dYolEse AAR st glojM HolgdHes & =7 =d 7o &
(Duh et al., 1999).

718w FEEY HO0: &2AEAZE o] 80% oo d4& Bt
H,0,= non-radical SthEo]A vt A NS Fast=d s Fasith HE 2
A= WkS-A o] X" hydroxyl radicals¥ 2 wh$-Ao] =
Ak HiOp 2AEA AL ittt 2 daAast Al levelS ZaAl7]
= A T

Widensk, 2002).

)

& AAste #8&F WS stuolth(Czochra and
% Z9 ¥ =32 Ethylacetate®t ethanololl A zHzF 0.1764 mg/meb 0.1729 me/
m= n-Hexane® 0.0294 mg/m¢ H vt =A YERRT BS AFAELS 2/
9] polyphenol &4tst&dz #do] gl AAHLstE A7 =d T8
3 S 3tlal 39 o) polyphenolic AEEL Q7o Zdwo] Aoy wh
ddde Adste £9%E 7 tH(Tanaka et al., 1998)

k&A= 97F#A1 9] methanol F+5&2¢ DPPH #uZd A2AZH S A

ﬂl

.

ro
iy,
&

Areca catechu var. dulcissima FZ%E°] 1C59 Zte] 18 pg/m=z 713 =&
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DPPH AA&AS Yeldlal, Cinnamomun cassia, Paeonia suffruticosa®t

Alpinia officinarum® FZ&=°] th& FE=HT ¥ DPPH 244 S HYS
H, B BRE FEEE0] FREACRE DPPH 2ASHS Btk B aske]

tHlee et al., 2003).

A Fol(Sargassum  thunbergii)©le] 7180  FEE  FIETEAA
chloroform F%%&°| 225+0.8 mg/100 m¢, methanol F=%&°] 20.1+0.6 mg/100 m¢
A2E 5> Hexane FE=5 A3 e ARAN FEE9Y 27 =7
E3 water FEEAA A7} 704%¢F 63.2%<] @7 AAGES Bt X
123} tHChoi et al., 2006).

e

% (Hizikia fusiformis)®]l o1&l 7FA /7180 FE=E3% +& A4 49 DPPH
~AEA LS organic ethylacetate w8 & (IC5 = 0.113+£0.02 mg/mé)e] BHT((ICs =
0.36+£0.002 mg/ml)E.t} Aol =kom W3Sk organic n-Hexane =3 &E(ICs =
0.144%+0.03 mg/ml)?} 8 <Y chloroform =& E&E(ICs = 0.157+0.03 mg/mé)%= 73k
DPPH A7 &4S el L, ethylacetate®] organicy} =89 23 Eor] z+zt
ICs = 1.9%0.02 mg/ml, ICs = 2.54+0.05 mg/m{ = Y& =& H,0, AASTAAES
HART A48 a4kstAl BHTUICs = 0.07+0.004 mg/ml)eF a—tocopherol(ICsy =
0.127+0.03 mg/mO)E = HOp A o] uwtom F& ZiolEs
chloroform & 3#ICs = 0.131£0.002 mg/ml)¥} ethylacetate &3 E(ICsx =
0.18+0.07 mg/ml)°] a-tocopherol(ICs = 1.72+0.2 mg/ml)H T} =& F& Ay ol
& BIon, oy A organic wEEHTGE FEIYEAA o =2 75

Aol ESS YeEYY T Ha3te) th(Karawita et al., 2005).
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Table 4. Scavenging activities of reactive oxygen species and total
polyphenolic contents of various organic solvent extract of

Sargassum coreanum

DPPH Ferrous ion H20- Total
scavenging chelating scavenging polyphenolic

activity activity activity content

(%) (%) (%) (mg/me)

EtOH 49.10 56.50 83.98 0.1729
n-Hexane 41.27 68.61 84.99 0.0294
Chloroform 81.28 12.41 84.14 0.1171
Ethylacetate 81.54 42.60 84.22 0.1764
Butanol 57.93 37.82 79.41 0.1683
Aqueous 2.55 48.28 85.01 0.0451

* Test sample content : 2 mg/ml
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B

N
N
¥
HE
:(,)LL
BN
A
9,
>
ald
i
rob
gl
ko,
kg

ZWk(Sargassum coreanum)®] Celluclast
¢} Neutrase & A2F=%S Millipore Labscale TFF system< ©]&3slo] 247} 5
kDa, 10 kDa % 30 kDa¢ A% membraneE ©o]&3dte] 471+ A= (<5
kDa, 5~10 kDa 10~30 kDa % >30 kDa) 8 &9 &5 Table 6.9 UE]
At Neutrase E4FEE AFEH FZ = A= 5 kDa ©]sh7t 195%= 7}
T =2 &S YR, 10~30 kDa #8&E°] 183%= 7MY @2 &5 U
B Atk Celluclast E4FE&9 £A3E £ EdAM= >30 kDacl 29.8% =
F&o] /b =33, 5~10 kDa +8=°] 28%% 7Hd W& &5 YEYATH
= =00 .

) 22 (Sargassum  coreanum) - ZF-H ] F4E 2 Celluclast S4AFFE 9]

[

=
61.95% % Neutrase &A2FZF5E9 479%ET} o&F 4%AE =& &< YA

Y (Hizikia fusiformis)S 98 % 3to] NOVO. Ltd., 27t 571# Hd&Ef &4
GRAZAEALE o] &sto] HApHSE =XoA 71AdH] 5% E4E H7Hsho

A7+ WEEA 7l gAhRHES] FE&L& FEIMEL Viscozyme, Termamyl,

w

Ultraflo®t 57h4] @@l A& 54 B5F 35% ol dollom, 40% o4 A%
Aot B3 a A(Alcalase 2.5% + Ultraflo 2.5%) w3822 41.3% o], o] &3
Eo #AHE FFENA >30 kDa w8 =0 thE 8 =(10~30 kDa, 1~10
S YeR A vk(Siriwardhana et al.,, 2004).

32

o

kDa, <1 kDa)®.t} =& <

3-5. FAdRARke] gAFEEe] duEd AL

AR Abskel dd Ao m AEe] EAets A E2 bAoA
+ superoxide anion radical, Hydroxyl radical, singlet oxygen % H.O, %9
G Ajtste] kst ES WELL, o5 A&Eukge ¢ste] alchohol i,
aldehyde, ketone¥ && AAdTo=A Ao DNAS EFAA &

ek Bk ofy e, Alxksh Az e, AEatst 5 AR QYA AelE

O:
M Ho

o

1:1)11

Ao 7ith mEkA] Ao s A BRI Sargassum coreanum)S -3
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A 5% (Viscozyme L, Celluclast 1.5L, AMG 300L, Termamyl 120L, Ultraflo
L), ¥4 Eaasr 5% (Protamex, Kojizyme 500MG, Neutrase 0.8L,
Flavourzyme 500MG, Alcalase 2.4L)& o] &3l HA7FFEE =704 £33
wall = guZd AALA A3E Table 50 LERFH AT

FEA A A RN E L ZF Y DPPH 24 A4S 88% o] A4S YERNS]
, Neutrase®} Celluclast E4F=E2 A9 93%9 A2ASZAHE 2t HO.
Ao %= Neutrase®t Celluclast E42FEFE2 UE TAFEEHT tHa
=2 58%° &g S WSl
% (Hizikia fusiformis)S 95 %2 3lo] NOVO. Ltd, Z+Z} 571A] JEsaiet

3}

I P
X

e

MAFRN G4 HA7MEE 2104 4L g4aFsE9 DPPH 2AEAE S

=
el

EAPAZA 0% oA et E=® wRAEA  AMG,
Termamyl, Ultraflo®} w2 28] &4 Flavourzyme2} Alcalase 3 &o] A&
o2 ¢ 3 HO, 2AZAS BHYgow, H3gi(Alcalase 25% + Ultraflo
25%) #3 & DPPH 2~AZA S 845%, HoOr 2AZAL 7T1%2 ddgirrtt
= =2 2AZ4H S JER Y t(Siriwardhana et al.,, 2004).

Ecklonia cava® SAaF=52 498 Ak3A <l a-tocopherol, BHAE U=

93 BHTHUE ¥ 70% A=Y Afez 2A24S dehiga, vy
EAFEBES 2O 4G22 2434 dHuUT HO, 2ABHIAE

=
oA FAFEFEEC A9 90%Y 2AZAS YHEUEY 53] Ishige
okamurae Kojizyme FEELS 7MY =2 96%Y L2ALHS YERAC
Sargassum horneri®] Ultraflo®} Alcalase =552 v 4 =& 90%9 44
24ds derdiglaL, o d aAgAd e 44
2@ BHTS] Z+2} 64.11%, 67.37% %2 50.32% Hu%= =uvhil B33 th(Heo et
al., 2005).

=
£ &AkstA| el a-tocopherol, BHA

BN
Y

Z=2 o] 8] vl(Scytosiphon lomentaria) &% %2 DPPH &9z &
A FroEHo|glon  AMG, Celluclast, Termamyl, Ultraflo %
Viscozyme FZ%&2 DPPH 2AZAL 0125 mg/me] sxolA 7t7 83.21%,
90.85%, 88.00%, &752% % 9554%E UYERW I, Alcalase, Flavourzyme,

T NY
ox
rlo

Kojizyme, Neutrase ¥ Protamex F&%E° DPPH £2AZAd L2 22 FXolA 7}



7} 88.84%, 87.12%, 82.45%, 74.03% 2 78.06%<°] &S YERU T H 13t
THAn et al., 2004).

5 (Hizikia fusiformis)®] &4F%=(OE)¥ 1 %54 phlorotannis 3
(CHPE)®] DPPH &84 skoE o Frtstlon, CHPEAA 9] F&
DPPH(6 x 10°M) &£AEA< 025 ng/m(37.3%), 0.5 mg/ml(78.2%) = 1mg/ml
(91.6%)°.2 OE° 2 FLolA ZH7Z} 11.4%, 346% %2 61.7%HT ¢ =2
DPPH 271245 el dthaL

H
of ¥ EAFERL T BAZ

i
ruE rfm

1189 oH(Siriwardhana et al., 2005).

HE st o1 299 g4z &2AL4A
< Table 7.1 Yt HolA Ee= ZAATH A i EdFoA &
AZA S YeEhde=d, DPPH 2A &% >30 kDa9] 382 8823%=
A4 Ae&xa dE 34kstAl BHA, BHT % a-tocopherol® Z+Z} 85.46%,
78.05% % 8754% KT} ¢kt =2 DPPH AAEAHAS Bt H.0p &2AZAAA
+ Neutrase®} Celluclast £4FF5° 5~10 kDa w8 =2 &2AEAdo] T E #
JEET =4 bl A

=

A2 A Celluclast?} Neutrase F=&=2] FA5#E 2359 T2 H,0.9

tE B BB EA Gehdon], 500 ue/mie] BB FRAE o 70%
Axe 2AZ4S YR AT Sargassum horneri®] Ultraflo$}t Alcalase &4F%
B9 ¥=¥ H0:0 2AEH L 8 mg/mle] FollA] oF 90%9 2A&dS At
1 B3t tH(Heo et al., 2005).

ZojlA >30kDa2] 8 EoA DPPH radical 27 &4

4%x5F E cava®l FAstEAe gl2Hxol= A A(fucoxanthin), Z&] ¥
(phlorotannins), W] E} (vitamin C ¢ E), &4ks b7 159 #3) & (laminarin¥}
fucoidan) 18]3 @A T & F3Ed 7190 4 3l th(Nardella et al., 1996;
Yan et al., 1999; Burtin, 2003).

% (Hizikia fusiformis)® &3 & A (Alcalase 25% + Ultraflo 2.5%) 3l & 2] Z ¥
EgaF2 >30 kDa, 1~10 kDa, 10~30 kDa, <1 kDa =22 ko DPPHS 4
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AZAL <1 kDao] th& 3714 £ Ewt}h Jod o= o vekar, 1~10 kDa #3
o] 7} =2 DPPH AAAH S eI YA W T2 Fr)x]) B3 =
UA= &t HO0, 2AZH4E DPPHOF fASE 235 At Hauskot
(Siriwardhana et al., 2004).

A Zo](Sargassum thunbergii)®] Q&3 a4 AMG, Celluclast, Termamyl,
Ultraflo 2 Viscozymed &AE3HE9 25 pg/ml 5=l A DPPH &A8A & Z+7t

93.8%, 83.9%, 62.9%, 95.6% = 61.1% HES oW FEo|EA o S Fo

H

A el Ba] g 4 Alcalase, Flavorzyme, Kojizyme, Neutrase 2 Protamex®] &

Ultraflo E42F=59 5¥ H0, 2 A A= Alcalase £42F=5°] 1 mg/ml
o]3}9] Fxo| A= Ultraflo & 23 0w A o %S H0, 2AFAS By ot

2 mg/ml ol’Fel A= FAREE €4S YERA Tl B sk v (Park et al., 2005).
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Table 5. Scavenging activities of reactive oxygen species and total
ployphenolic contents of the various enzymatic extract of

Sargassum coreanum

DPPH Ferrous ion H>02 Total
scavenging chelating scavenging polyphenolic

activity activity activity content

(%) (%) (%) (mg/me)

Kojizyme 92.50 31.18 54.83 0.1164
Ultraflo 88.50 57.58 42.94 0.0991
Protamax 92.41 26.79 55.18 0.1206
Neutrase 92.78 59.51 5797 0.1242
Termamyl 89.71 28.33 44.90 0.0946
Viscozyme 92.03 35.18 bR3's 0.1085
Celluclast 92.42 48.88 58.28 0.1151
Alcalase gl 8o 29.10 56.44 0.1120
Flavozyme 92.33 34.33 95.17 0.1137
AMG 90.11 50.19 39.38 0.0916

* Test sample content : 2 mg/ml
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Table 6. Yield(%5) of the different molecular weight fractions of Sargassum

coreanum Celluclast and Neutrase extract.

) Total )
Vol. Dry weitgt Yield
Mol. Fr. content
(me) (mg/me) (%)
(g)
Crude liquid 200 6.65 1.33 6.65
>30 kDa 315 10.7 3.37 16.86
10~30 kDa 180 2 0.36 1.8
Neutrase
5~10 kDa 310 2 0.62 3.1
<5 kDa 290 13.45 3.90 19.51
4792
Crude liquid 200 6.4 1.28 6.4
>30 kDa 545 10.95 5.97 29.84
10~30 kDa 345 49 1.69 8.46
Celluclast
5~10 kDa 115 4.85 0.56 2.79
<5 kDa 106 27.25 2.89 14.45
61.95

* Sample weight : 20g
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Table 7. Scavenging activities of reactive oxygen species and total phenolic
contents of the different molecular weight fractions of Sargassum

coreanum Celluclast and Neutrase extract.

DPPH Ferrous ion H>0Os Total
Treated Mol Fr. scavenging chelating scavenging polyphenolic
enzyme activity activity activity content
(%) (%) (%) (mg/me)
Crude liquid 39.15 44.59 46.92 0.0869
>30 kDa 38.23 36.47 48.60 0.1362
Neutrase 10~30 kDa 66.30 67.70 46.99 0.1538
5~10 kDa 64.02 -35.27 52.94 0.1558
<5 kDa 63.80 18.65 14.47 0.0420
Crude liquid 34.55 37.43 48.23 0.0945
>30 kDa 91.02 52.43 40.85 0.1180
Celluclast ~ 10~30 kDa 73.81 24.20 43.31 0.0982
5~10 kDa 73777 74.46 53.08 0.1111
<5 kDa "712.56 18.51 10.20 0.0338
BHA 35.46
Commercial
antioxident B { il
a-tocopherol 87.54

* Test sample content : 2 mg/ml
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. =
o —+—unfractionated = 90 1 —e—unfractionated
& A =
B oo ~->30kDa T B got #=30kDa T
g 10-30KDa 1 g | 10-30KDa
g g0t . w70 P
o 5~10kDa 4 | 5~10kDa e
2 gnt z - 2 &0 e o
Eﬂ = <5kDa P E —— =5kDa /
b o b g
O =
o L&}
=40 ?‘2 40
z o L
o307 g 30
E on t g or
= &
E’D 10 % 10
?\ 0 1 | ] 0 1 |
jus]

100 250 300 100 250 500

Concentration {ug/ml) Sencentatcn (Uaieil)

Celluclast extract Neutrase extract

Fig. 3. Hydrogen peroxide scavenging activity(%) with different concentration
of the different molecular weight fractions of Sargassum coreanum

Celluclast and Neutrase extract.
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100 r 10071

S a0 1
<%0 T = = W
& 80 £ 80 SR
s =1 _ L
e 70 A ,/
2 70 g gt .
B0 60 ge0f m =z _—
5 3 e
g 50 Ss0r
= —
§ 40 —+unfractionated _g 40 —+—unfractionated
S 10 >30kDa Faot 5 =301Da
2 10~30kDa & s 10~30kDa
i 20 5~10kDa = 5-10kDa
& 28 g e —%<5kDa
g — LA . B W Ry 0 - ) !
10 25 50 100 10 25 50 100
Concentration (ugfml) Concentration (ug/ml)
Celluclast extract Neutrase extract

Fig. 4. DPPH radical scavenging activity(%) with different concentration of
the  different molecular weight fractions of Sargassum coreanum

Celluclast and Neutrase extract.
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4. A&

2 2 A8 (Sargassum  coreanum) F718&W  F
Chloroform¥} Ethylacetate & &olA] 81% A% FAS Ve, ¢#89 38
oNA 7 e 255%< A4S ERUTE Ferrous ion &4 n
6861%= 7} =%ew Chloroform FE&2 1241%%2 7 @A UErsth
HyO, 2AZE tifdo] 80% colde &4& Hiith T ZYd=sdds
Ethylacetate®} Ethanolol 4 27} 01764 mg/mé<} 0.1729 mg/ml%Z n-Hexane]
0.0294 mg/ml Hvh= =A LERRL

FRAE LY G Eeas EFo DPPH A4 2 88% ©14S UEhdA
1, Neutrase EA2FEELS 79 93%9 2AFAHS BT HO, 2AZAHAA =

Neutrase®} Celluclast E42FEFE9 & SAFEEHT U =& AAEHS Y

el it DPPH free radicalol Al = >30 kDa¢] 28 &0 A= A ALEHojA
N FAESEAl BHA, BHT % a-tocopherol Bthe 2F7F =& Fafjitdh 2AES

th HoO, 224 &d ol A= Neutrase®} Celluclast 45552 5~10 kDa 3

Oe 2Ry =2 £784S5 YEHIH

S HiO &Aool FRA F55 EFolA #2447 5~10 kDacl A t-&
2

B3 BT} %4 yYetwtoen, DPPH radical 2784 %= 727 80% o] A4 YEd

Al
Y
P01'
By
lo
M
_|>i
o
i3
M
J U
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Part I

£ 9 2R 9 (Sargassum coreanum) EA%FE B3 E 2 H.0

Ao WE V79-4 AX AXEEN BZEH
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Part I

2 9 Z R u(Sargassum coreanum) E=AFE B I E 9 H0

Aeo] e V79-4 AE NEEN} REEHY

A Zg A ZAEARE Celluclaste} Neutrase F+E &9 5~10 kDa +3 &9
Hx0p 2A2dE 100 pg/mb F=0lX 5+ FE22 25 o 0% A= d4&
B ATt

Celluclast9} Neutrase FE22] HyO00 28t V79-4 AE2] AXAE JA &
7= Celluclast®} Neutrase w3 & EFoAl s HldHo= M AEL]
bt em FE7h 100 mg/me oF 70%S) ¢F AE HIFEHRE HAE A
kAt

Alkaline comet assay= ©|&3to] H.O, A2 &A% L-5178 Al¥°] DNA
s Ao mE AEE
- DNA &740] of 7%3d

o|\

o

>

Aol tf gt Celluclast =% 5~10 kDa +8& 9]
71(5]

(oF

F ANERE H02 AeshA &2 gz

%
o] HO; A& & °F 50%% =& DNA €42 Jdoy

A FAEYE 100 pg/ml
o ¥u 2 AFFoaEM ok 15%FEe DNA £4 Bt Fxo wE AxE
£ Al g E 25 pg/mle] FEA A= 30% AER L, 100 pg/mle] FEolAE=

A &3 7t oF 70%7k4 Bt Neutrase F&= 5~10 kDa 8 &¢ =49

Aol A¥%= Celluclast F+E23% FAFe 4

EHUE Celluclast F&50°] DNA €42 ¢ A6t Aoz dAdwc
V79-4 AIEZLE H0, Agl & 829 5 AHgd mWE apoptosis 5%

Agde FRFEES Fsto] Alxe] Fur Wsts Fsto] dolrsk=d H0,

TS AR s W H.0.5 AHelshx] @82 dlxatel| H|dl] apoptotic body”} &

= 100 pg/me] FEoA= A

m{n

o] kw2l Wk Celluclast 5~10 kDa #32
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o 279 A FElE {453, Neutrase 5% 5~10 kDa w3 =9
7d -+ Celluclaste} vlast™ thad "ol x|+ apoptosis %= A &S HATh

ZA 2 2HE Neutrase 522 5~10 kDa 23 &9 s=9¥ Ao ©& V79-4
cell?] &4tslg 4 SODeF CATY €442 25 50 2 100 pg/mé A 2] A] SOD €7 o]
7Y7F 21%, 38% B 67%4 S7tekdth. CATS A9 247 9.6%, 24% 3 45%4
=7kt t}. Celluclast =9 4% SOD< CATY €442 25 50 ¥ 100 pg/m*
2l Al SOD &4 o] z+7} 16%, 36% 2 58%4 < 7tstith. CATe] 49 2+2F 15%,
23% 2 41%% S7}sFA T}

A FA ol A A At = AN Sargassum coreanum)s T3 =
of FAAZXE o|Z S 25 mesh ©]st7} H

B ste] Esialct A8" Z4AE Novo. Co.(Novozyme Nordisk,
Bagsvaerd, Denmark)ellA AAlE1 9= FTAE F DR FA 5F
(Viscozyme L, Celluclast 1.5L, AMG 300L, Termamyl 120L, Ultraflo L), T4
A B &h 5F (Protamex, Kojizyme 500MG, Neutrase 0.8L, Flavourzyme
500MG, Alcalase 24L)& T94ste] Ab&stltt ol5 aase A4 pHet 2%
= Table 1.9 YER A a1, 1,1,-Diphenyl-2-pricrylhydrazyl(DPPH),
thiobarbituric acid(TBA), Trichloroacetic acid(TCA), 3-(2-Pyridyl)-5,6-di(p
-sulfophenyl)-1,2,4-triazine, disodium salt(ferrozine), butylated
hydroxyanisol(BHA), butylated hydroxytoluene(BHT), a-tocopherol¥} linoleic
acid©= Sigma Co.(St. Louis, MO, USA)olA F4&tth 1 vhe] A eFsE2 24



REatelyl ZAwxpdk(Sargassum coreanum) 1% & 2LE wHEo] 7] A dH]
0.1%9] Celluclast®} Neutrase &4 2 mS FH7lsto] 7h7 49 HA2E(B0T
50C)¢k pH(45, 6.0) =31l wet 1243 &<k 7hes) stk 7kl d s
n kS5 A4S A A7 el 3,000rpmol A 2087 AR s A9 S Fig. 1
of el Millipore Labscale TFF system< ©]-83lo] Z+7t 5 kDa, 10 kDa %
30 kDa®] ®E#HIE o] &3l 47FA] EAFHE (<5 kDa, 5~10 kDa, 10~30 kDa

% >30 kDa) &8 =& Axs3A
2-3. Al Eu] ¢

V79-4 A XE+= 10%(v/v) heat-inactivated fetal calf serum? streptomycin(100
pe/md) E penicillin(100xg/mé)°] 3+ Dulbecco’s modified Eagle’s Hj %S
o] &3t 37T, 5% COz Wi ¥F7] el A mjdFastHA Aol AREstATh

L-5178 A+ 10%(v/v) heat-inactivated fetal bovine serum(FBS),
penicillin(100 pg/ml) 2 streptomycin(100 pg/mé)7F &% RPMI 1640 ®f kol &
o] &3te] 37T, 5% COz ¥i%7] el wjdFatax APol AHEstAtt,

2-4. A EAFo| A 9] hydrogen peroxide 27 &4

V79-4 cell&S welld ¢ 15x10° A 257 H 22 96 wellel 242 HE3 F
o 16412 &<k 37C, 5% CO; Wi 7lel A wjFate] Ax7p 2 225 vt 1
it Fol Alg FEES 98 w22 AHY & 37C, 5% CO, vl F7] A
30&7F wjokalct. HoO: (stock 20 mM)E 10 & 713 & (< % 1 mM)
ThAl 37C, 5% CO, wiF7lel Al 3047 wieketch, wbg7lolA] wellS 7o

DCFH-DA (stock 500 uM)E 20 ¥ 7}sF & spectrofluormeter (excitation

A

485 nm, emission 535 nm)E A3 A BE WYX Fa FA ALAFE JATS

=
=

o
ro

AL dEToR Ao, ARE Yol HOE 2ANNE AR AT

tol HO, A8ll&S -3t

0

Of

H| 1l
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V79-4 cell& welld oF 1x10° AZ57F S == 96 wellol 247t HE3o)

LI
AC)

3 Fo) A E FEES oy TR A F 37T, 5% CO, w7l 24

A7 ettt wHE 7)ol A wells Aule] Hoechst 33342 34 M oFs 7haba

37C, 5% CO, W&ol A 10%3F wide & g3 dnjgoz Azech Ax7}
o=

G 4o] 5 ag 5 9

i

1_,

H

VAl

KeX
AN =

i
ry

(

2-6. Cell viability =4

V79-4 AEZES welld oF 1.5x10° AEF7F S22 96 welldl 217 HES &
of 16A17+ &<t 37C, 5% CO; M F71olA mhgste] AE7t 2 B=5 o) 1
i @ Fo] A8 FEES Y T2 A F 37T, 5% COz w7l A
303 wi kst HoO2 (stock 20 mM)E 10 WA 74k % (HE &% 1 mM)
TAl 37C, 5% CO, wigF7]ol Al 2417 vttt whg-7]o Al well& ZAuio]
TT A¢F (stock 2 mg/me)& 50 w® 7hek 5 37T, 5% COp vl ¥71el Al 4A13F
el A5 dS 2AAHA B F DMSOS 150 w® 71kl & 43 540

=

At A8 Ase] el FAAL A ALE 5ol AEAA v G4

d b
Lizard et al, 1995). V79-4 cell5< welld ¢k 15x10° MEZF7F HE2 96 well
of ztzt HE3E Fol 16413 wMl &g 5 o] celloll ol2] 7HA] &9 =5 A
23k o2 1A 9 mYgsta, A3 ImME A Ho0.5 M 7Fste] 24413 vk
1 vg 15402l Hoechst 33342(10 mg/ml) et DNA-specific fluorescent dye
£ 7 welld H7bste] 37ColA 1023F siFetdint. 3 S54=E #3517 ¢
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1 AAE cells

rlo

CoolSNAP-Pro color digital camera’} #2F# fluorescence

ol

microscope= ¥2 3} T
2-8. Alkaline comet assayS ©]-&3 DNA &4 =4

Alkaline comet assay & Singh (1988)2] WH S 4, Hesto] A A5
L-5178 AZE welld oF 4x10" AZF7F H %5 24 wello]l 22 HFdch e
g Fo] AR FEES Y FEZ A F 37T, 5% CO: mMEgIeA 2
A7 wpeksict 1 e 75 wle] 0.7% low melting agarose gel (LMA)3} 218
% 0.5% normal melting agarose (NMA)”7} precoating® fully frosted slide ¢
2 Yoo LMAS dE o] ZaF FAEEA 3 F cover glassZ2 Yo 4T
WAk arel] oF 1087F B3k Gelo] #2W cover glassE H 7)1 2 9o t}
Al 07% LMA & 75 W= slide Yol Hojrmdl T thA] cover glassE 9
gelo] 25 w71x] WY HASAT Gelo] & AS &
w7l wmyg Fnje] = A7 alkali lysis buffer (25 M NaCl, 100 mM
Na;EDTA, 10 mM Tris)ell AF&2 el 1% Triton X-1002F 10% DMSOE 4]

slideE @71 A<, A4 1A7F &< HA AlA DNA<C double strand=
Fo]FAY. Lysis7t £4 slideE electrophoresis tankol] ¥l sl 23214 A

3to] WA masdd ©d719% buffer (300 mM NaOH, 10 mM NaEDTA,

&21%t ¥ cover glassZ

ot

2L

FN

pH>13)E ¢ 40% %<¢F unwinding A7 DNA$] alkali labile sites?7} =& vt
Al gk F 25 V/300 £ 3 mAS] AYES do] 2021 A7 Gss AT Yol
o3 DNAZF H7t4 o2 &4se s WAy A8 o J4AS A7Fs
tankE o7& Mo €2 A AAstT d7FEe] € & 04 M Tris &%
& (pH 7.4)° 1024 &7 Al Hst= A& 33 vhEsto] slides XA
20 ul/ml F%9] ethidium bromide® 35 3FF FAM3IL cover glassZ

H #3338 n 7 (Leica, Germany) AolA #T&E3EATE. CCD camera (Nikon,

o

Japan)E Ed BRI 7ol Axd image= Komet 4.0 comet image
analyzing system (Kinetic Imaging, UK)o] AX® FFE oA #4314t}

Yol DNA E3AEE doRfH oF 3 DNA 9 A (tail length,
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TL) %=+ tail lengthell tail] ¥ DNA%E #3l< tail moment (TM) #<
S48t e AT

2-9. Flow cytometry analysis

Flow cytometry analysist apoptotic sub-G; hypodiploid cells(Nicoletti et al.,
199D)9] W& A7) 8l FASAT V794 AZE welld oF 1.0x107 Al
7} HEE 96 welldl 7}7F HFslo]l 16A12F Bt wige & EARAES ¥
= 7o 1A § HO. 5 A et v 2443 &<k videkaith Az
of z& cellg< 70% A& ImE H7Fsto] 4TolA 3023 LA FH T
1 S phosphate buffered saline(PBS)® F+ HAX celle A2 % 100xg PI

9} 100pg RNase’} Z&¥ PBS €94 1mlE FH7bslo] 37CoA 3087 ¢4

O
o

>
>

Tt Flow cytometry analysiss= FACSCalibur flow cytometer(Becton
Dichinson, San Jose, USA)Z o]-&3lo] 243} t}.

Cell cycle®] =3+ cell cycle®] ZF phasedl A cell +¥x%<e] W3tz AASHaL,
computer program Cell Quest2} Mod-Fit(Wang et al.,, 1999)] ¢j&] A E 9
i A R g ) i

_L/

Hm

2-10. 3Aksta 4

V79-4 AEZ welld oF 1.0x10° AZEF7F H =2 96 welloll 27t HE3to] 16
AIZE EF g = gAadsEs v

S 10 mM phosphate buffer(pH 7.5)0] HAEA|A A& Eo|x 152 = F W
Z& 39 2AFEY] &3t 3 1% Triton X-100S H718le] Aol 10837 1)
Farh LAl E] MEAAZIE AAS7] A8l 4T A 5000xg= 10E7F A4+
gttt AEde gz S hovine serum albuming  FE O 23]
Bradford %ol whel 24 s83 o

SOD &7 -2 epinephrine auto-oxidation inhibition(Misra and Fridovich, 1972)

-

levelS A3t @ 50 pgol 500mM phosphate buffer(pH 10.2)¢F 1mM
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epinephrineS % 7} 3t} epinephrines pH 10914 &2 3] adrenochrom® 2 A&
2HatE A=t} pink color ¥HEE-S UV/VIS spectrophotometer® 480 nmel| 4]
=43ttt SOD+ epinephrine?] A&AbstE A &gt} lunitd] &4 %
e 50% AfE Hole Aoz Aottt SOD A2 units/mg protein o
= YEdATh

Catalase(CAT)9] &4& dwla 50 pgol 50 mM phosphate buffer(pH 7)2}F
100 mM(v/v) HoOp&r F7Fete] 37TolA 23 vkttt F3 ks 240 nmel A
5 mftt o FAEY WSk HO0: el Hl#H A o]t (Carrillo et al.,
1991). 1lunit®] &4 1 uM H0, 3 3t=d 875+ a4axdoez AHosth

t}. CAT A4S units/mg protein® & e AT}

o
ofd
i

j
a-

8

A\
&

2-11. A A

g o]elE= Window ol Al SPSS packageZ ©o]&3&te] EA &g on, FX=
meantstandard error(SE)= 3% &3t %+ Duncan’s multiple range testoll
W}t variance(ANOVA)®] one-way analysis AF& Hludte] Aoz tail
intensity S 2] v| gk},

3-1. Cell Aol A ¢ hydrogen peroxide %7143

% FAS YERY EA2AEE - CelluclastoF
kDa &8 &o] AEAolA ojmst 35 Yetli=A
dobr 7] s FHAEJD V794 AEE o] &3] DCFH-DAWMH o= Pitst &
e SAAT o] WHE AEZHAAN H0.5 574371 #1% fluormetric #4]
Mo g v FE A2l dichlorodihydrofluorescin diacetate(DCHF-DA)7} Al £
of Eo7} esterase &40 & golAlEEEo]  dichlorodihydrofluorescin
(DCHF)Z W3s a1 oAl Ao Al HyO29F ¥E-E-3te] dichlorofluorescin(DCF)
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B AFsE A B = FRAEE SATG oA HO, 27184 S UEde W
HoltH(Crow, 1997, Wang et al., 1999). =743 ZA¥}+= Fig. 5ol HeElA o™
Neutrase =3 &9 %7} 125, 25 50 pg/md W L&A L2ALHS
Ko, 100 pg/mld = 50 pg/med Wb FARRE °F 70% A= A&
e A3, Celluclast &8 =2 125, 25 50 ¥ 100 pg/ml=Z s%7F S71Ed4=

AAGAHL =5 o FEH 0|9}

rr

E. cavad BA7FFEHEC =& HO, 248X DPPH #ozd A2A8AS
el B3 tHHeo et al., 2005).

FaaAC ds Rasiglen, e EsdES AEoly dEwF

Ho i =2 A S yEig dyA gken od &4 ROS £
Ao o 7px Widt A AAsk Aales T8 Eaiso] $tth(Yan et al,
1999; Athukorala et al., 2003a, b; Heo et al., 2003a, b; Siriwardhana et al,
2003, 2004).

E. cava®l X 73 phloroglucinol® AlZE4 HyOp 27 ZAE 0.1 pug/mé(28%),
1 ug/mb(61%) R 10 pg/ml(73%)% F=eE4cr 78kl e, Eckold 73
= 30 uM(79%)¢] Hx0: £2AEAd S YEF QAL triphlorethol-A°] 7%+ 0.3 n
M(43%), 3 uM(69%) 2 30 uM(76%) Hy0, A&/ o] sEgEH o=z F7tst
= AL B g rHKang et al., 2005; 2006).

3-2. EAFY =9 HO; Al V794 cell®] AxZAPE A &3

HoO20l 9Jal &35 w2 V794 cellol o3t Celluclast®} Neutrase®] &Aw3l=
9] cell viability= MTT HH o
@] 84 MTT Al eFo] v]

rlr
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=
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&gl 78t o, Celluclast +8 &2 4+ H0:% Aglstds 4-¢ A=EA
&0 45% AP oY, 5~10 kDa 8 &9 F%7F 100 pg/mb A7t S oF
70%9] AZAEES YEUAT Fa4& £9E (el 18 & zolE WERA
gRoy T ME HSERE 7= AS gt
E0] HoOzoll 7% V794 celle] A&
&S FHAATH B8 th(Siriwardhana et al., 2004).
E. cava®ll A #2]3F phloroglucinol®] H.O, A 2] gk V79-4 cello| A Al X AE=&L
0.1 pg/mb(5%), 1 pg/mb(16%) L 10 pg/mb(45%)% FLoEH o2 F7Fst% o,

Eckole] A% srolEXoR A AESo] F7181% a1, triphlorethol-A2] 7 -$-

22

E. cava Celluclast F=%2] >30 kDa 3%

= 0.3 uM(7%), 3 uM(22%) 2 30 uM(42%) M X AE&o] TEoEH oz F7)3)
= AL Bt ti(Kang et al., 2005 2006).

Hx02 A8 ¥ V79-4 cello| A 2821 &E methanol FE 52 MX AEE
A3} Areca catechu var. dulcissima®t Paeonia suffruticosa =& t}
Bt HoOp A 2] E V794 celldl A o =2 AlZ =55 B2m, 100 ug/ml
ol A Z+7Zt 61%9F 50% 2] ME AEES X Alpinia officinarum, Glycyrrhiza
uralensis®} Cinnamonun cassia F==92 100 pg/ml oA 27} 48%, 24% <}

40%9] ME AEE T7HE BAva Bt (Lee et al, 2003).

w
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th. 3k A 9k Celluclast 5~10 kDa &8 &5 50 pg/mé 74k A HO0 8 H7FgH
ARG= A2 FEl= FilstA &0 = AL, 53] 100 pg/me] sl =
A 9] control¥} FAFSE FEl S FH 3 apoptotic body 7} €A 3] =] &= #1S w2
T A2tk kA Celluclast 5~10 kDa <% & o] Hx0-0l ] g apoptosis fr=2& ¢
AL ¢ de= Aew dAddr

Neutrase F+Z%9 5~10 kDa &8 =9 55X A7l o| w& apoptosis %= Al
292 Fig. 891 YA AFRlel A= 5~10 kDa 8 &9 F%% 50 ug/ml, 100
pg/ml FA7FE AFE HaOg0l 9 &4¥ Axrv o] FHO R HO0 9%
apoptosis == AT 5 Y= Fow FdvrH

HoO00l 93l =745 V794 celloll A ¢F8-21 % Betula platyphylla var. japonica®]
B3 gyel e #AZo|A control® - cell] FEej7F Fulsta el &
FE 3 AAT H:05 H7MAZ B+ celle] FE7F o] 714 A apoptotic
body7} o] Hola Qo celle] e 3 SFelalA| 7} ). x| ak g A&

8 100 pg/mb H71E AL HO5

_7‘[:
gelat = AT (Ju et al, 2004).

ke

74k AR Y= celle] FHl= FEEHA

E. cava®l A 23 phloroglucinol, Eckol % triphlorethol-AS 72z} = ] 3t cell
I HoOz0ll 93l =A% V79-4 celle] Hoechst 333429 &3 <A 0 2 apoptotic
body2] &AM E Ax AEE] g A dE = AAth(Kang et al., 2005;
2006).
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Fig. 5. Hydrogen peroxide scavenging activity(%) of 5~10 kDa fraction of
the Sargassum coreanum Celluclast and Neutrase hydrolysate by
DCHEF-DA on V79-4 cells. Experiments were performed in triplicates

and data are expressed as average percent change from control+ S.D.
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Fig. 6. Protective effect of 5~10 kDa fraction from Sargassum coreanum
Celluclast and Neutrase extract against HxO»-induced oxidative damage

in V79-4 cells.
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control

S0 pg/ml

Fig. 7. Protective effect of 5~10 kDa fraction from Sargassum coreanum
Celluclast extract against H»>O»>-induced oxidative damage in V79-4

cells.
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control

Fig. 8. Protective effect of 5~10 kDa fraction from Sargassum coreanum
Neutrase extract against HoO»-induced oxidative damage in V79-4

cells.
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3-4. &5 HO, A7 L-5178 celle] DNA £33}

Alkaline comet assayS o] &3te] H.O, A8 2 4% AAAE L-5178 cell9
DNA =23 tigt Celluclast +%% 5~10 kDa w8 &9 5= Ao up2 M X
£ Al 2= Fig. 99 YEFH AT} Fig. 99141 controle 7% A X=2] DNA £4)
S YA, HO, A Al oF 50%9] DNA &4 Ao Celluclast =% 5~10
kDa #3 &9 %5 25 ug/ml, 50 ug/mé 2 100pg/mb = S7kA1 o me} &4 =
7F At o™ 100 pg/mbe] FEol A= oF 16% d =2 DNA =4 4
At} FEo wE M¥EEA A &3+ Celluclast F5 % 5~10 kDa 385 25 pg/
me] FElA = 30% =R, 100 pg/mee] FEAAM = AEEY ATt oF
70% 7 A L ERRE

Fig. 10 L-5178 Al Hy02 A2 ¥ Celluclast +=&°] 5~10 kDa +g & ¢
A glo] W& DNA £4 W32 Comet image® UYE Ao E H,0.Z A glsl# &
control DNA7}F =445 A @oF T 1¢ JejE Yebial 1A v HO02 A =
S AR A = o2 HE &4E DNA 7o) @79l o) AA vebd Fe

rlo

b

2 3l 9= AS o 5 vt v Celluclast 559 5~10 kDa £ 38

Lo

=
FEE 25 pg/ml, 50 pg/me 2 100ug/mE SN Z 5 E4%E DNAZE dojA 4§

Heo memee] A4 FopAL Ae AHoz¥H HAT F AULH e

b

==

L-5178 celldll H:O; A glell @2 DNA &4S Celluclast F+%% 5~10 kDa &8 =
o] DNA &45 oAE & dvd= AS ovskaith

Alkaline comet assayZ ©]-&3lo] Hy0, A 2] & £4F L-5178 Al £ DNA &4
o] t)g Neutrase F=% 5~10 kDa #8229 =¥ Ao & AlxE
#E Fig. 119 et At} Fig. 11914 Celluclast 723 FAHE 235 Uep
Ao Fig. 1204 L-5178 M 3] HyO; A8 § Neutrase =% 5~10 kDa %
29 w2 AHgd mE DNA &4 WstE Comet imageZ YEW Z o=
9] 5~10 kDa #+8 &9 %5 25 ug/ml, 50 pg/mé H 100pg/ml =

Celluclast F=&
=45 DNA7ZF AdojA s de] nelrefe] A FolA= A& Az

T/
3}
2}

o ZHE Foldk £ 9= o] AL 1L-5178 cellol HyO, Ao & DNA 4%
Neutrase F&% 5~10 kDa #8&9o] DNA €45 A& 4 s A4S o
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At

E. cavaZ5¥] A A3 phlorotannins$! eckol®] H:O-° <3 £4+% 1.5178Y-R
MEe] DNA <4 Al &9} comet imagee] A olA eckold F% 5 pg/ml
(34.61%), 10 ug/ml(42.76%), 15 ug/ml(53.00%), 20 ug/mb(56.28%) % 25 ug/ml
(68.96%)% F71e 45 DNA <=7 Al a7t 5718 2.1, comet imagedl A &=
H,O, 2]t ol A= 471 8] DNA7ZF 738 whol DNAS] 2] gheko] tfz<tol 13
sl ST o eckols celldll A ElstlS wx=eE4 0% DNA e &

o] HapH o g AsH il H sl tH(Ahn et al., 2006).

P

HoOo0l ©]3] &A% 217} lymphocyte DNA £t th3] Sargassum horneri®
Ultraflo$} Alcalase &4AFE 52 T2 A EE A 8 7o A= HO0.% A 2l Al
40%9] DNA £74-& Woton} 1 pug/me] E42FFE H7HAE DNA &40 i
SR e, 25 ug/m ot 50 pg/mee] WA ES HUhe A oF 20% H = DNA &%

(e}
S wrom, wetA 25 ug/miet 50 wg/mle] TElES HIME A AxEEN 9

o~

>

2L

| &

7} 50% o] JEFHA 2™ Comet imageol A = H.O.7F @] & 749 DNAZ <

s E4E Ao, HaOx9 2ol 50 pg/mle] #all& 3 7kl A= control# H]ul ko

= DNA &4l disfA sk Al2ER AdAadE veslvtar Baug 85 vt
(Heo at al., 2005).

H:0001 2]3] =4+%l 21 7F lymphocyte DNA £=4toll W&l Sargassum thunbergii
9] Ultraflo$} Alcalase EaFEEY sl AXEY AAEHNA = sE9&4
o2 AxEN gAY E YERU Sl e, Ultraflo FF 29 50 pg/mle] sl A&
oF 79%9] MEEAN AT HE B AT (Park et al, 2005).

DNA &4 Abfrete 2 Aldiof &abstal Al=dle] g &Aoo &t dS ek
© st 2EYAE Hrhste 7P WEAd BEART stuE LA du
(Gutteridge, 1995; Kassie et al., 2000). 7§712] A 3E TA A L 24 DNA =49

AAE 98 w=a Wz FFdv) g Wl Comet EA(GAAE 2 H7]9 %)

o

<

o

S AFEAEY FASEAS B FHAsHA o8 vk (Olive et al, 1990;
Fairbairn et al., 1995).

2 AAAELS 2 (Zhang et al., 2002), 52~ (Park et al., 2003), 4] & F =+ (Yen
et al., 2001; Zhu and Loft, 2001) % flavonoid(Senthilmonhan et al., 2003)} #&
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Fig. 9. The effect of supplementation in vitro with different concentration of
5~10 kDa fraction from Sargassum coreanum Celluclast extract on
DNA damage of HoO.-induced in L-5178 cell. Values are means with
standard errors of duplicate experiments.([]; % Fluroescence in tail,

-@-; Inhibitory effect of cell damage)
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-

50 pygiml

.

Fig. 10. Comet images of 5~10 kDa fraction from Sargassum coreanum
Celluclast extract against H.O»-induced oxidative damage in L.-5178

cells.

_55_



60 T 4 80
4 70
= S0 F = =
g 160 3
&2 8=
s 40 {50 £ §
5 ~F- 2 o
S 30 - 140 §
r)
S i i 13 55
2 20 r = A
< 3
i 4 20 E
10 F
] 1,
0 1 | 1 ] 0
CONy, V0, el 50 100

Fig. 11. The effect of supplementation in vitro with different concentration of
5~10 kDa fraction from Sargassum coreanum Neutrase extract on
DNA damage of HxOz-induced in L-5178 cell. Values are means with
standard errors of duplicate experiments.([]; % Fluroescence in tail,

-@-; Inhibitory effect of cell damage)
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25 pgiml
-

.
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Fig. 12. Comet images of 5~10 kDa fraction from Sargassum coreanum
Neutrase extract against HsOs-induced oxidative damage in L-5178

cells.
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3-5. §AREFE H0O, A8 V79-4 cell?] cell cycle W3}

Celluclast®] 5~10 kDa #3d&o| zr= H.O, #glo] ok V79-4 A 9]

apoptosis 25 dupiks A=A dolr 7] $13] flow cytometryE ©]-83}

Fig. 132 H:000 2l&l <=4t% V79-4 celloll Al Celluclast®] 5~10 kDa & =9

Ay

apoptosis = A §3= flow cytometry S ©] &8 =43 A3 = el Aoz
23 9] peakt cell cycle 3= o] 3t= Aot} Cell cyceld 3 A ¥E7F A3l
TEH = Ao = S7I(DNA FA7DE AL =2 stof Go7 [ (34 F71), M71 (A
TEH AExA £, G7I(FAE A7DE AR F 1A S7IRE oo A= 4G A= Y
To] A= AlXE9 apoptosis”’F FE Al EHH DNAS H-#|7F H3F3L celle] A}

7F €y flow cytometry 2 S35 S ®W sub-Gii-2oll Kol AAH 1AL
>

—

n
718k AL gole 4= glvk md oA A7 control?] sub-Gi9] 1.52%¢<!1 Wkd
HoO00 93] F=% V79-4 AlE 9] apoptosis= LFEF = sub-Gi< 185% Y o vt
100 pg/ml Celluclaste] 5~10 kDa ¥ 3% % 7}A] apoptosis sub-Gi< 1.8% % # 9
control?} FAFEF apoptosisE H. =], o] A2 Celluclast®] 5~10 kDa #3& 9]
A7 7 HoO0l 93l =ArE V79-49] apoptosis 22 §3AH o7 oA 5=
Ae A = AATH

Fig. 14%= Hy0.0l 93l &9 V79-4 Al EZ oA Neutrase?] 5~10 kDa & & 2
apoptosis =4 &= Uetd Ao F HoO00 &l &49 V79-4 A Eol th3k
cell cycle H3lE =3 2324 control®] sub-Gi7F 1.52%¢1 ¥ H.0.5 €
oM FEH V79-4 AE sub-Gie 185%= Tt th 100 pg/ml

Neutrase®] 5~10 kDa & & #7}A] apoptosis sub-G1< 2.68% 2 Wolzl Ao 72
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Ho} Neutrase® 5~10 kDa #3 =2 #H7}7F HoO00 &3] &4 V79-4 A E 9
apoptosis =& SAStE 237 doe AS FAT & ATk

AA7MA Az FE2EE Gast s Rt AFELS BkAR o] d7tA 9] <

d

£-2 fucoxanthin, phlorotanin ¥ Z-2 pigment4 polyphenol A< 2] A=} =
Aes oz A47F F5 o] F3lrh o] Ao = A EAR 5~10 kDa #

gEo] AEx&d AdAZ#E YR AT
E. cava®ll 4] £33} triphlorethol-A 2] apoptosisol] W3] B g 3= ls)7] ¢
3l Flow cytometry W o= 213 A3 H.Op A 2|3k V79-4 celldl A apoptotic
sub—-G; DNA 3Fako] 65%0] a1, & 3t#] &S o 7= apoptotic sub-G; DNA 3t
w2 2%°l Wl apoptosisZ7t ®We] Aot AS L dA=d, 30 uM
triphlorethol-A # 2] 8} S W apoptotic sub-G; DNA &0 52% 2 7FA39
10 ug/mee] phloroglucinol S # 2] 3F31< wl apoptotic sub-G; DNA &-&o] 44% =
AR e, 30 uM2] eckolE A2 3% S Wl apoptotic sub-G; DNA ko]
E YERYl=T o] 3 o]

WA AES FEAT

[¢] 1

T

EZE0o] HoOxE ©F7] ¥ apoptosisES A s|sto =z
ngth= Z1S UEFW tH(Kang et al., 2005; 2006).

H.O200 ]38l oF7]% V79-4 cell®] apoptosisel Al 9714 F& A& FE2E9 e
EE BA3 A3 HoOo 2] 3k cell®] apoptotic sub-Gi DNA 322 285% 2 1

Y

o
=

Lo

E} WA vE E3], Paeonia suffruticosa®t Areca catechu var. dulcissima %% 9]
100 pg/mbe] & X=ol A= apoptotic sub-G; DNA $h=Fo] Z+2F 0.5%¢ 2.9% 2 90%
o] apoptosisE #AAZHA T H 13 HLee et al, 2003).
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Fig. 13. Effect of 5-10 kDa fraction of Sargassum coreanum Celluclast
extract on the cell cycle pattern and apoptotic portion against
H>O2-induced oxidative damage in V79-4 cells by flow cytometric

analysis.
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Fig. 14. Effect of 5-10 kDa fraction of Sargassum coreanum Neutrase
extract on the cell cycle pattern and apoptotic portion against
H>O2-induced oxidative damage in V79-4 cells by flow cytometric

analysis.
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A EANE Neutrase FE 52 5~10 kDa #3 &9 T=d Aol & V794
Al o] gAaksta A WskE Fig. 150 Wbl SOD¢F CATS &4 & 543 4
7} Fig. 15(A)°ll A control®] SOD €442 14.25 + 098 U/mg protein ©] Ao
Neutrase & %9 5~10 kDa ¥ 8 &% 25, 50 2 100 ug/mé % 2] 3t 3% -Sul SOD &
Aol 247} 1727 + 1.42 U/mg protein(21%), 19.65 + 2.17 U/mg protein(38%) ¥ 23.86

+ 1.99 U/mg protein(67%)% <738ttt Fig. 15(B)oll 4] CATE] controle] &4
17.65 £ 1.15 U/mg protein ©]31 21} Neutrase FE 59 5~10 kDa #+8 &S 25, 50
2 100 pg/ml A B stA S CATE &Ade] 717} 19.34 + 1.66 U/mg protein(9.6%),
21.87 + 1.31 U/mg protein(24%) % 2562 + 1.72 U/mg protein(45%)% Z=7}3} <4 th.
olgigt A2 H-H V79-4 celld Neutrase F+=E2] 5~10 kDa =2 && H7tstd
TE gEH S ZE SODS CATY AAHS FEste AS ¢ T A

Celluclast = &9 5~10 kDa &8 &2 &= Agld W& V79-4 A=
3t W3S Fig. 169 YEFHAT. SODS CATY &84S =AH3 Ay Fig.
16(A)ol A control®] SOD €42 14.25 + 0.98 U/mg protein ©] 31 2.1} Celluclast

29 5~10 kDa #8E&E%5 25 50 2 100pg/m¢é A 2lst & SOD &40 z+z+
16.55 + 1.53 U/mg protein(16%), 19.43 + 1.87 U/mg protein(36%) % 2254 + 1.43
U/mg protein(58%)% < 7Fst %t} Fig. 16(B)oll A CATS] control®] &A1 1765 +
1.15 U/mg protein ©]$1 o4 Celluclast %% ¢ 5~10 kDa &8 == 25, 50 ¥ 100
pe/ml B3RS w] CATE &Aool Z+7F 20.28 + 2.18 U/mg protein(15%), 21.65 +
1.34 U/mg protein(23%) % 24.92 + 1.56 U/mg protein(41%)% S7}stsitt. o] 2 3k
A= HFE V79-4 cellol| Celluclast FZF%¢] 5~10 kDa +8&& H7tstH 5x9

© 2 SOD$ CATS A4k Fiste S & + AAth
EE9 5~10 kDa &8 &0] V79-4 Al 2] &

X

o] £ EE0] V794 A x|

=
5l 405 SN2 HoO0l 93 &40 28 E AMESE HEsls Aoz A7t

k& X5 Butula platyphylla var. japonica %% A& S u) V79-4 celld] &



2bsta 4 Wstol A SODY &2 4 ug/ml(21%), 20 ng/mb(31%) 2 100 1g/ml(36%)
s EHoR FUtstoen, CATY €4% 4 ug/mi(12%), 20 pg/m(20%) 2
100 pg/ml(24%) s=o&4d o2 Z7F3d vt B s th(Ju et al., 2004).

E. cavadl Al £ 3F phloroglucinol, triphlorethol-A % eckolE Z+Z} V-79-4 cell
of H7IstRSw g1t agihe WItE sk Ay WA phloroglucinol®] 74 %
catalase(CAT) ¥3lE &olst Ax g2+ CAT &4 15 unit/mg protein®l| H] 3|
phloroglucinol®] &%% 0.1 pg/ml(18 unit/mg protein), 1 xg/ml(26 unit/mg protein),
10 pg/ml(37 unit/mg protein)® F7FAlZd] CATY &% F7FskSTh

Triphlorethol-A2] 7% SODe] @A 2 tjx+2 SOD &4 11 unit/mg protein®l
B3] triphlorethol-A%] %5 0.3 pM(16 unit/mg protein), 3 pM(18 unit/mg
protein), 30 pM(21 unit/mg protein)? S 7}st# SODe] &4 %= 71l o CAT
o] AL x99 CAT &4 15 unit/mg protein®] W]3l triphlorethol-A% TE=%
0.3 uM(15 unit/mg protein), 3 nM(23 unit/mg protein), 30 uM(31 unit/mg protein)*
Z7tsld e, GPxe AL x99 GPx &4 7 unit/mg proteino] H] 3
triphlorethol-A 2] %% 0.3 utM(12 unit/mg protein), 3 uM(14 unit/mg protein), 30
M (17 unit/mg protein)? < 7}3}% o}

Eckole] 745 CATY A4S xz79 CAT &4 15 unit/mg proteine] W]}
eckol®] T%E 0.3 uM(22 unit/mg protein), 3 uM(28 unit/mg protein), 30 uM(41
unit/mg protein)® =7}t thal B sl th(Kang et al., 2005; 2006).

971A] oFEAE FEE9] V794 cellol tieh S3Atsta s Wsts A3 439 25
FEE0] V794 celld] Astah 4S5 s Aom FUAFH o 53
Areca catechu var. dulcissima F&%°] & FEEHT Filstas o] =
=l 100 pg/mee] &x=oA SOD, CAT % GPxe| &7l 77 45%, 51% B 48%4]
7ol &gk 22 5 %o A Paeonia suffruticosa= SOD, CAT % GPxe| &4
o] Z+Z} 43%, 28% X 45%%), Alpinia officinarum-> SOD, CAT % GPx¢] &4 9]
2+ 7} 40%, 23% % 42%%, Cinnamomun cassiai= SOD, CAT % GPx9] &4l o] Z+
1

Z

7} 38%, 40% H 41%% &S YEhAd o Bk th(Lee et al, 2003).
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Fig. 15. Effect of the different concentration of 5~10 kDa fraction from

Sargassum coreanum Neutrase extract on antioxidant enzyme
activites in V79-4 cell. (A) SOD activity, (B) CAT activity.
Experiments were performed in triplicates and data are expressed

as average percent change from control £+ S.D.
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Fig. 16. Effect of the different concentration of 5~10 kDa fraction from

Sargassum coreanum Celluclast extract on antioxidant enzyme
activites in V79-4 cell. (A) SOD activity, (B) CAT activity
Experiments were performed in triplicates and data are expressed

as average percent change from control £ S.D.
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A EA A e HoOy 2A8A = A3 Neutrase w8 =9 ¥%=7F 125, 25,
50 pg/md e wREA AAGAS Blow, 100 pg/mlYd W 50 pg/me
A wel AR oF 70% Bl AAES HERRA AL, Celluclast 9 &2 125,
25,50 B 100 pg/m=E =7t 71 @E AL e dEHoAH

_\.L

Celluclast®} Neutrase &3l =< 5~10 kDa & =< o= H0, A& V79-4
Ao A MEAPE A g 7o 23 Celluclastet Neutrase w8 & EFoA] 5%
HleH oz AE AEEo] Frtatlon, Celluclast #2811 49 HO.%F A 2] 3}
Ve BF HAEMEEC] 4% AEH o, 5~10 kDa 2352 F=7F 100 ug/ml
A7tst A& W oF 70%9 AMEAEES el F 84 F9& olle 28 &
ztol & YER A FRoy 8 ME HSEHE VA= AS st
2] V79-4 A 3o] FEjz Wstell = Aol H0.5 H7HA
712 2o AL Axe HOx= =4S 7hst A9 183 AlXEo] Celluclast 3
9] 5~10 kDa # & &5 50 pg/mt¥} 100 pg/mlE A gste] & o= o] 4]
TS ARG A EAS B4 &2 control®] A 5= Al FEjrF Flsta g

A9 BFE su AW HOE AR A9 Ax Fut wol AAA

pop
B
M
ot
i
Lo
=
&
)

apoptotic body7} @o] Holal Qlom Mol e Et 35147 &gt sFA T
Celluclast 5~10 kDa 3 &2 50 pg/ml 3713k AHA & HO0E #7138 AX T A
o FEl= FEshA g0 4 AN, 53] 100 wg/mle] FE A= AL control
I AR G E FStaL do] bR Ee] AL e AERS FHE e &
de A dA ge Ads gAE 5 At webA Celluclast 5~10 kDa 28 =©]
H2020 ©] 3k apoptosis =25 AL + U= A= dAddr

Neutrase %9 5~10 kDa &8 =9 sX Aol w& apoptosis %= Al
E%+= 5~10 kDa 8 &9 w55 50 pg/ml, 100 pg/mé 3 74ek 212 HoOoll < &l

£ AR Aol EH o2 HO00l 93 apoptosis FFEE AT = e AoE

H,O, A8 2 4% 1L-5178 AlE 2 DNA <249 3} Celluclast =& 5~10
kDa 23 &9 W gd wE MEEA Al EHo A controlE 7% AHEQ)



DNA 428 4041, HiOp A2 Al oF 50%9] DNA =42 dA 2y Celluclast %
E 5~10 kDa 28 &9 F%E 25 pug/ml, 50 pg/m¢ L 100ug/m = S 7 ol e}
EFA T FAasAh 53] 100 pg/me] FEolA = oF 16% A= DNA &4
ABRE YeblH HOq0l o3 DNA &35 A #aA7e A& & 5 AsdH 5
o WE M ELEA A &= Celluclast FEE 5~10 kDa 385 25 pg/ml e 5
Zol M= 30% B= DNA &42 AL, 100 pg/mee] & =04+ DNA &4
A &7t oF 70%7A WEFRL

Comet image® WEFH o= control 4% Z# % DNA 7Ieho] §lo] &4

of mYRFy} 2L S A B o, HO, A2 d Ao M= ozt

mlo

< Celluclast F#%+& 5~10 kDa ¥ =°] DNA &4 AT + Ut AE 9H
e
H,0, A2 &% L-5178 A3l DNA &% tld Neutrase FEE 5~10
kDa 8 E9] =W Ao nE NEEN A& a7 Celluclast FE5 57 F
A3}E JEFR 2 W, comet imageo| A = Celluclast F& 2] 5~10 kDa 3

FEE 25 peg/ml, 50 pg/ml E 100pg/mlE F7EA A 2 £41E DNAZE Z o] %

<
Ul

gl meueol 4 Fohde AL HAY £ 9

32
\
=
2}

(o3
o
o1
—
N
(0¢]
=
ke
=2

Celluclast®] 5~10 kDa 3 &o] zti= HoO00l 9] gk V79-4 A3 ] apoptosis -+
L oA &= flow cytometry & ©]-&3sto] S4% A& YEld 222 sub-Gii-
AR FEol FUEgE As #dd = AL, control®]

sub-G19] 1.52%¢1 v HoO-0 o&l F%H V79-4 A E 9 apoptosisE LHEFL] =
T7EQ] sub-Gi2 185% = 571k ovf 100 pg/ml Celluclast] 5~10 kDa &3 &
A 7FA] apoptosis 7S sub-Gi2 1.8% = A9 control¥} FAFgH apoptosis %=

A4 g9= BYed, o] A2 Celluclaste] 5~10 kDa ¥ 3 & 2] 717F H 020 ¢
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b

& =" V79-4 A9 apoptosis 25 EHH o2 AAFHJGE AS Qs
T A

Neutrase2] 5~10 kDa 3 & 9] apoptosis = A & 3ol A HyO00 o3& =2
H V79-4 M E th3t cell cycle M3tE 543 23 control® sub-Gi2l 1.52%

ol ¥ HoOooll 9Jaf F%% V79-4 A EZ 9] apoptosisE UYEFAE sub-Gi< 185%

ro

o}t 100 pg/ml Neutrase®] 5~10 kDa + 8 & # 7}A] apoptosis 77+ sub-Gi<
2.68% = o}zl Ao = Mol Neutrase? 5~10 kDa 23 9] H 717 HyOq0 2] 3l
=4 E V79-4 A E 9] apoptosis RS AetE 37F dosE A4S Feldd 4= 9

At

rlu
He

B2 Neutrase =9 5~10 kDa w959 53 Ao & V79-4
Axe] FAksta 4 SODoF CATY E4S SA4T 23 =225 AgeA &S
control®] SOD &A1& 14.25 + 0.98 U/mg protein ©] A S} Neutrase FE&59 5~
10 kDa &% =< 25,50 R 100 pg/ml A g3t SOD &4 o] zH7; 17.27 + 1.42
U/mg protein(21%5), 1965 + 217 U/mg protein(38%) % 2386 + 1.99 U/mg
protein(67%)% 5718ttt CATS A$ FE=E55 A2 3HA &2 controld] &4
1765 £ 1.15 U/mg protein ©]%! 21} Neutrase F==2] 5~10 kDa & &2 25, 50
2 100 pg/mé A stR-Sw CATS Aol Z+7 19.34 + 1.66 U/mg protein(9.6%),
21.87 + 1.31 U/mg protein(24%) ¥ 25.62 + 1.72 U/mg protein(45%)% % 7}3} <3 ¢}

Celluclast +<%2°] 5~10 kDa 8 =9 s&=% Aol W& V79-4 A x| 34k
st®4 SOD9F CATS] &4 & 543 23 =5 *gdA &2 control® SOD
AL 1425 + 0.98 U/mg protein ] 2.1} Celluclast FE%9 5~10 kDa &8 &
S 25, 50 % 100pg/mt A stHeu] SOD &Aool z+7F 1655 + 153 U/mg
protein(16%), 19.43 + 1.87 U/mg protein(36%) % 22.54 + 1.43 U/mg protein(58%)*
7ttt CATS A5 FE5=5 A8 shA &2 control®] &4 1765 + 1.15 U/
mg protein ©] 1 2 Celluclast =52 5~10 kDa &8 &S 25 50 2 100uxg/mé
A3 S CATS &Alo] zHz; 20.28 + 2.18 U/mg protein(15%), 21.65 + 1.34 U/
mg protein(23%) 2 24.92 + 1.56 U/mg protein(41%)# Z7}&tith. ol el gt A3
B V79-4 cellel Neutrase¢} Celluclast %% 5~10 kDa =g &S #7184 &
Lo EA o2 SODS CATY] Aibs frxste A & + At

=l



Part I

9l & z} ¥k (Sargassum coreanum) EA %

o] apoptosis & 2 3t A
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Part I

OLA| o 3 Y ZANH(Sargassum coreanum) A FE

B3 59 apoptosis FFE % FIEA

‘I O ok
LI

CT-26, U-937, HL-60, B-167} Hela cell°ll cell growth inhibition acitivity=
Celluclast®} Neutrase EA2E3E (Y, <5 kDa, 5~10 kDa, 10~30 kDa, >30
kDa) & 53] >30 KDa &8 E&°] U-937¢ HL-60 Alxe] tjsl] =2 AJF A
EHE et e, U-937 Az o &34 o3l

U-937¢F HL-60 Aol et £8 =9 vrd AGdAades g5 &4

DNA €4 ALEE FHES Aste] 12417 A3 o] HL-60 A X sl <
40~50%<] DNA +£4< Byt 5=¥ HL-603 U-937 A|¥] ths DNA &
A 23 A= 200 pg/mle] FEoAE oF 25~30%9 AT EAS BTt

Lymphocyte A3 (7% A & Zd 2 2EE Celluclast®t Neutrase >

I} FE84A EF 100 pg/mle FEIA= F

3
i)
ol

=55 AYsHA &2 control¥ H]S=3F DNA £4 A= yely oy 200 pg/ml
o] FTol A= controlo] H|&] 2F7Fe] Lymphocyte cell®] DNA £=4}o] Ry
Neutrase =59 >30kDa 28 &9 U-937 AlxEo W3t cell cycle H3E
=43 A3 control®] sub-Gi(3.15%), 50 pg/ml(3.10%), 100 ng/ml(3.25%) %
200 pg/ml(15.66%)E YUEMHASH, Celluclast FEE9 Z-$+E  control9
sub-G1(3.15%), 50 pg/me(2.59%), 100 pg/me(4.82%) 2 200 wg/me(17.74%)=
Neutrase FE=E R} 9FF =2 apoptosis7t 58 AS A = AT}
Neutrase F=&892 >30kDa w8 &<S 7FA 3 HL-60 AlX] thdk cell cycle
HMstE =4 A3} control®] sub-Gi(291%), 50 ug/ml(4.33%), 100 ug/ml(6.21%)
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2200 pg/ml(4.45%)% eI S Celluclast F&E9 Z 9= control9
sub-G1(2.91%), 50 ug/m(5.02%), 100 xg/ml(5.63%) L 200 wg/ml(16.21%)2] 4]
S YERA T

824+ Novo. Co.(Novozyme Nordisk,
Bagsvaerd, Denmark)ellx AAlEa 9= FTAE S 3R FA 5F
(Viscozyme L, Celluclast 1.5L, AMG 300L, Termamyl 120L, Ultraflo L), T4
A B Eh 5F (Protamex, Kojizyme 500MG, Neutrase 0.8L, Flavourzyme
500MG, Alcalase 24L)& T9sto] AHE8tsidt. ols aise] 4 pHS 2%
= Table 1.9 YEMA AL, 1,1,-Diphenyl-2-pricrylhydrazyl(DPPH),
thiobarbituric acid(TBA), Trichloroacetic acid(TCA), 3-(2-Pyridyl)-5,6-di(p
-sulfophenyl)-1,2,4-triazine, disodium salt(ferrozine), butylated
hydroxyanisol(BHA), butylated hydroxytoluene(BHT), a-tocopherol® linoleic
acid+= Sigma Co.(St. Louis, MO, USA)o A FL3FATh 1 5Fo] A s

)=
R

rlo

& Ax

M

2-2. BARAN E2FEFEY B

sty 2 2 A (Sargassum coreanum) 1% £ 2 LE W50 7] A hH]
10%¢] Celluclast®} Neutrase &4 2 mlS FH7bste] 442 a49 FHAH2%=(50T,
50C)¢k pH(45, 6.0) 3ol wet 1243 &<k 7hes stk 7kl d s
ek EAS AABH7] f18 3,000 rpmell Al 207 AAlEE st 4E S Fig.

1ol YeRd Millipore Labscale TFF systems ©]&3to] 77} 5 kDa, 10 kDa %
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30 kDa®l B IE o]&al 4714 A (<5 kDa, 5~10 kDa, 10~30 kDa

2 >30 kDa) &8 =& Ax3s3AH

2-3. A v

g ME(CT-26 cells), &Y AM|3E(U-9373 HL-60 cells), Aba% A3 (HeLa
cells) 2 IF¢ MEB-16 cells)= 10%(v/v) heat-inactivated fetal bovine
serum(FBS), penicillin(100 pg/ml) 2 streptomycin(100 pg/m)7F % RPMI
1640 ¥iFH S o] &3ty 37T, 5% COp W7l oA mjstaA] Ao A&
s

Lymphocyte cell2  10%(v/v)  heat-inactivated fetal calf serum3}
streptomycin(100 gg/m¢) 2 penicillin(100 pxg/mé)°] *¥3F%F Dulbecco’s modified
Eagle's WS o] &3ste] 37T, 5% CO, vlF7] oA w3t H A A3l
AF-&-3F3A T

2-4. Nuclear staining with Hoechst 33342

>
e
o,
e
ot
=
rlr
(@)
@,
-
D
=
8
(@)
Q
o
(@)
)
Z,
>
[l
<
(@)
o
o
(@)
(@)
5
—t+
(Fb]
(J6)]
w2
=~
N}
ftlo
~
>
o
ol
2
e
o
ol

Aok GAE S0 FHA FEAES 7R AEE o] AEHY vk gAY
2 g% = FJHL apoptosisE 97| st= A o]t (Gschwind and Huber, 1995;
Lizard et al., 1995). V79-4 cell5& welld °F 15x10° A X457 HE= 96 well
of ztzb HE3k Fol 16413 wi &gt § of celloll of2] 7HA &9 =& A
g g5 1A 9 wigsta, S ImMIE A H05 #H7Eske] 24417 vl &
skoh, 1 o2 15 09 Hoecht 33342(10 mg/ml)eF DNA-specific fluorescent dye

& 2 welld FH7bsto] 37Tl A 10&23F wistaitt. 3 &4

o
i
r 2|
il
ol
ol
N
1o

7)
AAE cellE2 CoolSNAP-Pro color digital camera’} 2F% fluorescence

microscope® 323} T}
2-5. Cell growth inhibition activity =%
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CT-26, U-937, HL-60, B-167 Hela cell5=< welld ¢F 2x10* A X571 =&
= 96 welloll 27 JE3 o F-2AxQ] CT-26, B-163% Hela cell 1641t
EQF 37T, 5% COp vlF7]oll A et AE7F 2 %% gvh 28al W+ %
Am FEES 2] dose® AP F 37T, 5% CO; w7l A 72417 Hj

o

=

att). B celld] U-9373% HL-602 96 welle]l HE3 o Alxs FE2ES o
] dose= A F 37T, 5% CO, HiF7]ol Al 72417+ W<

wellS 7ZAWe] MTT A ¢k (stock 2 mg/mlS 50 wA 7}3k
W F7IeN A AAE g s dS 2ALHA HE 5 DMSOE 150 w4 7}

sto 2 43 540 nmoll A SA st AE AEE&S S

o
T
_
0%
A
=
X

ofi
2

2-6. ¥FAV S ol&T celld] FEHH B

HL-60 cellZ} U937 cell5< welld oF 1x10° A E47F 522 96 wello] z+z
AE3Y, a8 & T A8 FEES o8 doseR A3 & 37C, 5% CO,
o] 1 well& 7AW o] Hoechst 33342 &% <

2-7. Alkaline comet assays ©]&3% DNA =74 =4

Alkaline comet assay & Singh (1988)2] WH S 4, Hesto] A AT
HL-60 cell#} U-937 cell5< welld o 4x10" A E57F S =2 24 welloll 24zt
HEeoh 28 & o A5 FE2ES 98 doseE AZg & 37T, 5% CO.
Hj oF 7)ol A 241 7+ wj ek} U937 cell 75 w09 0.7% low melting agarose gel
(LMA)¥} 42 % 05% normal melting agarose (NMA)”7} precoating® fully
frosted slide $12 379} LMASY dAgdo] ZaF A I F cover
glass® Yo 4T Wdae] <F 10837 BASFAT. Gelo] &S cover glassE



W7l 1 9o thAl 0.7% LMA £ 75 WE slide $el o]
cover glassg Yo gelo] && wi7h#] W HAATH Gelo] &2 A
gt % cover glassE H7|3L 7] FH|& & A7k alkali lysis buffer (25 M

Al

o

-

o

o
oo

NaCl, 100 mM Na:EDTA, 10 mM Tris)oll AF82 A9l 1% Triton X-1002} 10%
DMSOE 42 3 slideE B7F A=, dAoA 1A < A AA DNAQ
double strandE Zo]Ft}. Lysis7F €4 slideE electrophoresis tankel ®f < &}

- AgAA

2,

zoto] WA Baedd d7]9-s buffer (300 mM NaOH, 10
mM Na:EDTA, pH>13)E A} 9] 40% &<t unwinding A7 DNA<2] alkali labile
sites7t E2]uA & F 25 V/300 £ 3 mA®] HSHS ZHo] 2083 AU FE S A
Alstdtt. dlel o] DNAZF 74 om E4u = s WA A& 919 3
A& A71FE tankE ol FR Mo H2 A AASAT MG EFe] B F
04 M Tris &894 (pH 74)°] 1022 T71 A Hs= FAHS 33 HEESHY
slideE AZAFHY. 20 w/ml 552 ethidium bromide® 3& 33 A5t
cover glass® Y& % d3dn 7 (Leica, Germany) AolA #Z3Act. CCD
camera (Nikon, Japan)S &3] HWx Z+7}e] A3E 3] image= Komet 4.0 comet
image analyzing system (Kinetic Imaging, UK)¢] A X% FAFE AoA 235}
Rtk dTe DNA &A= o 2RE o|F3 DNA #HHY 77 (tail
length, TL) ¥+ tail lengthol] taill§ % DNA%ES #3el+ tail moment
(TM) @& 5783k YEugl

2-8. Flow cytometry analysis

Flow cytometry analysist apoptotic sub-Gi hypodiploid cells(Nicoletti et al.,
199D ¢] Hl&S& A7) & FFskh U-9373% HL-60 cells 1.0x10° cells/
me Fs%® 6-well plateo] HE3 F 16417 FoF vkttt ol 7)o o7 7}
A 5=(50, 100 3 200 pg/m)e] EAFE=E EIES AT o5 2441 E<t
HFstadch ezl Akl A cell5S 70% &S 1 mE H7hske] 4TeA
30&%F G A HTE 1 v phosphate buffered saline(PBS)Z + HA L cellS

AL & 100 pg PI9F 100 pg RNase’} x3std PBS &9 1 mE #H7bshe] 37C

T
o2
ol

A
il
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oA 30%7t Ao FUtl. Flow cytometry analysist= FACSCalibur flow
cytometer(Becton Dichinson, San Jose, USA)E o] &3}o] #4135t}

Cell cycled] &3+ cell cycle? 7+ phaseol A cell E¥%¢ W3tz ZAA3 L,
computer program Cell Quest®} Mod-Fit(Wang et al.,, 1999)o] <& ¥ 49t
i A S g ) e

S|
~

2-9. 74

A

gol8E Window ol SPSS package® o]&dte] EAdgon F3:
meantstandard error(SE)® ¥ &3}t %+ Duncan’s multiple range testoll
W}t variance(ANOVA)®] one-way analysis A& Hlwdlo] Aoz tail

intensity & 2] 7] gt}

2-10. Western blot analysis

MEE  lysis buffer[10 mM Tris—-HCI(pH 7.4), 5 mM EDTA, 130 mM NaCl,
1% Triton X-100]¢} 02 M PMSF (phenylmethyl sulfonylfluoride) %
proteinase inhibitor cocktail (0.02 mM aprotinin, 2 mM leupeptin, 5mM

phenanthroline, 28 mM benzamidine-HCD< Y3 Ao 3023 & +

12,000rpm, 4CToIA @4Eeste] dF9s HAs A F=

o

w21 © Bjorad
protein assay kit = A3 TE 100pge] T A S SDS-polyacrylamide gel©ll

71953k t}<, nitrocellulose paper (Millipore Co.) % o]t & Z}& U=}

olf
O~

ol
-

AE &2 ¥ Enhanced chemilluminescence kit(Amersham Co.)¥ ¥ o2 <l
Atk A& A FAELS U3 2o} (caspase-3, Santa Cruz Biotechnology
Inc.; Bax, Santa Cruz Biotechnology Inc.; PARP, Enzyme System products;
Bel-2, Santa Cruz Biotechnology Inc.; B-tubulin, Santa Cruz Biotechnology

Inc.).
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3-1. Cell growth inhibition activity =%

AANE FAASI e 7RG Axe 249 IS FAI8H7] fEte] AEE
A% F55 Hstedl olFelA TEAA Fos  AZME(apoptosis) HEE
programmed cell death#}il 3th(Steller 1995). o] FA A A3A LAY &4 <)
< AE= A" ol2lg AZAE S AlE ol R S dd A 7

Zro] Az el o o] Ap=el] o)ste] A5t o] AYT 2 AAR Fe Ao
2 AZY FHrknecrosis)2H= Gl Fo] Zh= AT Y=o AE 2 FHEHA
ool the AlEel £4e FAL v desdozt Axe WF as Axs
o] uly &L FAA o] S-=3 t]E-o] AFEA|(apoptotic body) EA X A A E 2L
& AAE 2ES s, Asistozs AMA DNAZE 2 24l 22 2240

2 Z#FX]+= DNA fragmentations 2|7 $HcH(Lee et al., 2000; Jaruga et al., 1998).
B AFo = ZAE AR Celluclast2t Neutrase FE 59 A gz EI3ES o
&3] g AIE(CT-26 cells), ¥&Y A E(U-9373 HL-60 cells), A& AlE

(HeLa cells) & y]3-oF ME(B-16 cells)ol w3t dotsA S =A 3150}

o

ZAE2EE Celluclast®t Neutrase F=&9 #AZFH F 59 cell growth
inhibition activity &4 MTTH o2 =43t} o] AL 2ol AL A2
a8 MTT Al¢ke] mEZEgole Y44 g4 28 93] =54

o2 FdHE AEE FEEE SAFoEHA dotRe WEolth. CT-26,

o

s

U-937, HL-60, B-167} Hela Al3ze] gt S A0 7hpidl =2 22=3E &
8 &5 9] cell growth inhibition acitivity 2 ¥}+= Fig. 179} Fig. 189 YER At}

Fig. 172 S22 Celluclast 478 =9 A dALHE UeERA A
o FHETAM 7HE e 2AEFYd <6 kD HL-60 cellell o 34wt
34 A a7t A, E3] >30 KDa £ Eo] A 4 GALFEFENR
o U-937¢F HL-60 Al3ol] whsll =2 A &35 yeddoen, U-937 A
o o ZIA oA

S
=2
X
rr

>



AAAA E37F AN, 5~10 kDa 852 #9844 ¥ TAFEEY] B

A EAA B =g AAAERE B e, 10~30 kDa®t >30 kDa #9 &2
RE Ao A =3 AAANEAHS Ve oY >30 KDa 8o tha

=
& GA4S BAT Celluclast &4 823 nhzb7bA &= >30 kDa 8 &0 #
Balx] Fe FrFEE R U-9379 HL-60 AlEd thal] =& AgdA a3
UeEllor, U-937 AM¥Ed ] &340t} Celluclaste} Neutrase F=52
23 E BF >30 kDa B0l GAZEANG dAERI X 53 oAl 7}
L-60 Alxe] dis Solxo= 37t EA ey
A >30 kDa 23 &S Mese] U-9377 HL-60 A Eo thael o 2 23

& a9

-

HAE T U-9373

s

28+ oHKim et al., 2006).

et AEQ HT-2991 27iHA d5-FF9S 15 /e A7Hed S de
AZFe Iz 827%2 2483, 30 mg/ml A7l e 772% =2 7238
] A a9s o F AR eH, WA FEE] HUkE
ol Fobyel wep F2 oA &Fvt o FElEtdth Raskdar, 919kAll
SNU484ell that 7 Al &2 15 mg/ml A7t M AlEF7F 92¢ 10002
hz 9] 195x10%] Bl wj$- fro]H o g ZFAstAon, 320 mg/ml HIFAE

AEA A9 BAAA ggomz AR FERY APl FAARF

_>|~1_,
N
=
S
lo
juny
N}
©
=
H
o|\
>

ke

SNU484 M= wlg gasts 43S RAtta ®Haustgth(Hwang et al.,
2003).
ZEFAIEZQD H22¢9F ME W AEZSQ] L1210 gk WA =gl el 3t
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Fee oot HAle] HIbdo] FUtETs GAIEY AAEo] St
H 13 oH(Park et al.,, 1998).
AMxiF FEEY AA ATAFS MEQ HelLa AEol gt dAxE A4 o
7 dEE FE= BT 50% ol JAEdE melow, ofF
T 2(92%), HAIPH92%), 119(93%),
of Hla] v w2 JAEHE KB
HAE QY A adE B gAmkel vy, A2 Tt Eoby

of wel Al g7t mebH o, X3 del= 250 pg/assayel oA HH A

Aol E3E R, HPe AL MCF7 cellel W# 2 slzf #%%9)
FAE FH9) Aee B 50% ol4e AALRE Bl HEFE F(89%),

=
A EE90%), P199(92%), F:(91%), H(B0%) =2 HE ME2F s =
SAE A TRt ok Basglar, 9I9hAIERl SNU-6389 a4 =
HeLa celle]t} MCF-7 celloll tfgh ShAl2 A axHoeE thd @2 A3
&2 BRoy 50% ol F AslstAttal BasttH(Kim et al., 2005).

Hgwa FAAE ol§etel B MFH WEUT MEE FEF sEu=

ke

AA APHet MESF DUILS] digt 4G4 A 235 BH wAHA sl $E 1,000
pg/mb sZol Al ol MA(F. velutipes) WAMAE #ge FaulF7F 35.07%=
7V E=kom, sl =2 ol F (A blazai) 32.32%, ME
290.86% A oM, 5F3%(P. japonica) 20.92% = 7} S kS YA
218 Al FAFA 9 B. megaterium SMY-212Z o]&3}o] 27 wj ksl wra oy
o WegsE FEE s5HY A AdAEHRE 1,000 pg/ml sEANA T F
=29 dAHE A ATy 32.01-50.03%<e] WHE YEISeH I F
s H#H A F7HE el T B sk tH(Choi et al., 2004).

HL-60 A|3EolA <825 B platyphylla var. japonica 359 AILEAS

ol (P. eryngii)

O

ri
i
Lo

0, 20, 100 % 500 pg/mt= 29 F<t A HH o= Ax PELo] ¥

H

EH R AP e HL-60 celldl ™3t <825 B platyphylla var.
japonica FZE % IC5Hh< 159.0 pg/mio] kil B st t(Ju et al, 2004).

1)

B AR (Sargassum fulvellum) |718mE FE5E9 HeLa A, 273 A

F

(HT29), 1FHAIZ(HepG2)oll et AlEZ54- HepG2el & 7 A5 9

i
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S 100, 200, 300, 400 % 500 pg/mlA H7FelARSul ethyletherz2l A A& &
T7F 100 pg/mes H7FSFA S oln 92%9] =L dAME HAHTHE HoH
vt 271 2 ZAddA4EgdrF g2 SR 400 pg/mlolAE tha
st AES HQal, ethylacetate 9 -9+ 300 pg/mlE 7t Su <+
Aol EAaHIt A7 SO 8% anE HAa Ad TRoEHo=R
718t 500 pg/mlE 7SSl 91%9 =S a3yt yelyta g ow,
2A7%Sr AE HT29¢ HeLa cellol thgh ¢hAlxo] SA &3 % ethylether3 ¥}
ethylacetateZ oA H& =297 g9= B HAFS HepGet At
I R I3AH(Bae S. J., 2004).
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Fig. 17. Effect of different molecular weight fractions of Sargassum coreanum
Celluclast extract on tumor cell growth inhibition activity in tumor
cells(U-937, HL-60, Hal.a, B-16 and CT-26 cells). Cells were treated
with 100 pg/ml of different molecular weight fractions and measured
for wviability by MTT assay at 72hr after the sample treatment.
Experiments were performed in triplicates and data are expressed as

average percent change from control + S.D.
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Fig. 18. Effect of different molecular weight fractions of Sargassum coreanum
Neutrase extract on tumor cell growth inhibition activity in tumor
cells(U-937, HL-60, Hal.a, B-16 and CT-26 cells). Cells were treated
with 100 pg/mé of different molecular weight fractions and measured
for wviability by MTT assay at 72hr after the sample treatment.
Experiments were performed in triplicates and data are expressed as

average percent change from control = S.D.
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Fig. 19. Effect of various concentration of >30 kDa fraction of Sargassum
coreanum Celluclast and Neutrase extract on tumor cell growth
inhibition activity in tumor U-937 and HL-60 cell, Cells were
measured for wviability by MTT assay at 72hr after the sample
treatment. Experiments were performed in triplicates and data are

expressed as average percent change from control £ S.D.
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HA34 FEES HYsA ¥ control®] A F-ole= Alxze] FE7F F3sta g
2gE st AT, 2YES 100py/mE A3 s o
@o] ZA A apoptotic body”7t Bo] Holil Qom Axze] e Hgk F3letA| 7}t
ekoktt, el E mAbuko] Celluclast®t Neutrase FE =9 >30kDa 3 0]
W M2 HL-60 AXE apoptosis® fr=ste] A2E AME A7 A& &
A& & AUTE U-937 Az gt #FA= Fig. 22% 23] e ATH
U-937 Al¥: %= HL-60 Al X9} nl37R 2 FEE5E 9402 apoptotic body
7F Bol dAES & F AN
Apoptosist= FAIEZ A A 7|HA F FLIA dFHIL YT For=E
Apoptosisel] &3] & AM¥xe] EAF stu7) apoptotic DNA ladderghi= DNA
o] - g A o]tk (Bortner et al., 1995).

71E4 Sl osk HL-60 YA A4 &37) apoptosis ==

Agh AzARGo] 7]1gk FARNAE LolR iz}t Agarose gel {7]9E 22 DNA
fragmentation =4S AAg A3 71EL &g w27 S7ME 5 dA
3 DNA 2271 2 ZZo A 28 xzto g ZEFA| &= apoptotic DNA ladder”7}

#FEE Ao, glacial acetic acid * =g 7 -

o] %= apoptotic DNA ladderg ##3 4 gll7] wfdol 7|EAF S]] ¢t
HL-60 ¢FAE oA &3+ apoptosis =0 o3 Holgtx B iegrH
(Jeong et al., 2000).

Apoptosis Aol A HaH 2] &3 Ao FHo]sk= caspaser apoptosis

glacial acetic acid &%=7} <7}3}
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Ol

1l
apoptosis JE=E I F J=dH ATl AUAIE HT-29 AE
=

AbeE A3t A7 AL 1.5 mg/ml A 7Foll A caspase-3

Al BAEE = et 9nd Easclnw o] 40 FAHEE

ﬂl

apoptosisell W 2= G
gdAdo] a9 152%, 3.0 mg/mlel Al 153%, 6.0 mg/meell A 171%, 12.0 mg/mlol
A 198%, 18.0 mg/mloll Al 254%, 24 mg/mloll Al 270% ZS7FstAFtbal H.a1shedal,
kA SNU4ABA A E oA A7 A F=E 0] H7Fgo] 718 =5 caspase-3
Aol w43 FtskA vt s tH(Hwang et al., 2003).

Curcuming <17Fe] oAl A-4310] AH2ld dFollA curcumin T

48A13F F AlE AEES 10 pMelA 80% oldellont, 20 uM o]/l A

[

20%0°)3t2 At om, oluf caspase-3 FA S FUISI P E curcumin®l
o] =¥ AZPAFE ol Tl B sk tH(Shim et al., 2001).

MCSBell 2]a] U-937 A|>Eol A apoptosis®] HEH| g% W3 s <2137 98|
TUNEL #wyo= HAgk A3 MCSB 15 pg/ml 554 DNA fragment9}
apoptotic body7} & E At B 113 tHCha et al, 2004).
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control 50 pg/ml

100 pg/ml - 200 pg/ml

Fig. 20. Morphological changes of HL-60 cells treated with different
concentration of >30 kDa fraction of Sargassum coreanum Celluclast

extract.
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control 50 pg/ml

100 pg/ml \ 200 pg/ml

Fig. 21. Morphological changes of HL-60 cells treated with different
concentration of >30 kDa fraction of Sargassum coreanum Neutrase

extract.
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control 50 pg/ml

100 pg/ml 200 pg/ml

Fig. 22. Morphological changes of U-937 cells treated with different
concentration of >30 kDa fraction of Sargassum coreanum Celluclast

extract.
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control S50 ug?l

100 pg/ml

Fig. 23. Morphological changes of U-937 cells treated with different
concentration of >30 kDa fraction of Sargassum coreanum Neutrase

extract.
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Fig. 30~32%& 24 XA Celluclast®t Neutrase F=E2] >30kDa &3 &9
T HL-60 Aol gk DNA =4 FA423 uUepd zlozw AR
Celluclast®} Neutrase FE=9¢ >30kDa & Eo] §=9EH S E DNA &749]
7 ek Aol AR, 200 pg/mle] FEAAME oF 25~30%9 MESAHS B
At ol# s ZA3Z Comet image® ¥ Z ¥} Fig. 318 Celluclast >30kDa # 3
59 F%7F 100 pg/miA ] 7hA:= DNA 749 Zols & e 4 gldony
200 pg/mlA ™ DNA 45 A = AT Fig. 329 Neutrase =9 >
30kDa #3E&E9 T HL-60 Al¥e] thdk DNA <4 Comet imageol =
Celluclast F+=E3 mz7FAE 100 pg/md ] 7hA= DNA &9 Zol& &
AT  glAno 200 pe/mld™ DNA &4 ST + Ut

Fig. 33~35% A2 A4 Celluclast?} Neutrase F==2] >30kDa £ 3 &9

FEE U-937 Alxel] W3 DNA &4 54 23S Yed Aoz Fdzap
Celluclast®} Neutrase F= =2 >30kDa 8 &9 FEogFEH o7 DNA £4o]
S7Fsle Ago] A e, ol#d A3E Comet image= ¥ A3}l Fig. 34+

U-937 A3l A] Celluclast >30kDa +&=2 F%5 50 ug/ml~200 pg/ml= <
7EAZ W DNA &40 & 9EX oz S7MH = S &3t Fig. 35004
Neutrase F==° >30kDa #8&° s&=¥ U-937 cellel W3 DNA &4
Comet imagedl = == 50 pg/mi~200 pg/ml= S7FAZAu] DNA £4to] =
7HhE o Atk

o8- 2 & Betula platyphylla var. japonica %% 500 pg/ml o= HL-60 A|3E
o dis] 0, 3, 7, 16 3 24A1%F AP R HYstASw A oEA2F DNA
fragmentation®] 7}t L, =8-S HL-60 A2l 0, 4, 20, 100 % 500 pg/me
N =l a A7 AYsEe e 5 &2 o2 DNA fragmentation®] &

ZFebAtkar B3Rtk (Ju et al., 2004).
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Fig. 24. The effect of time of >30 kDa fraction of Sargassum coreanum
Celluclast and Neutrase extract on nucleolus DNA damage in HL-60
cells. Values are means with standard errors of duplicate

experiments.
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Fig. 25. Comet images of HL-60 cells after the treatments of different time of

>30 kDa fraction of Sargassum coreanum Celluclast extract.
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Fig. 26. Comet images of HL-60 cells after the treatments of different time of

>30 kDa fraction of Sargassum coreanum Neutrase extract.
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Fig. 27. The effect of time of >30 kDa fraction of Sargassum coreanum
Celluclast and Neutrase extract on nucleolus DNA damage in U-937
cells. Values are means with standard errors of duplicate

experiments.
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Fig. 28. Comet images of U-937 cells after the treatments of different time of

>30 kDa fraction of Sargassum coreanum Celluclast extract.
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Fig. 29. Comet images of U-937 cells after the treatments of different time of

>30 kDa fraction of Sargassum coreanum Neutrase extract.
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Fig. 30.

O Neutrase extract
B Celluclast extract

0 50 100 200
Concentration (|1g/ml)

The effect of different concentration >30 kDa fraction of Sargassum
coreanum Celluclast and Neutrase extract on nucleolus DNA damage
in HL-60 cells. Values are means with standard errors of duplicate

experiments.
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Control @ 50 pg/ml

Fig. 31. Comet images of HL-60 cells after the treatments of different
concentration of >30 kDa fraction of Sargassum coreanum Celluclast

extract.
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Control @

®
® o ‘0%

200 pg/ml

Fig. 32. Comet images of HL-60 cells after the treatments of different
concentration of >30 kDa fraction of Sargassum coreanum Neutrase

extract.
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Fig. 33. The effect of different concentration >30 kDa fraction of Sargassum
coreanum Celluclast and Neutrase extract on nucleolus DNA damage
in U-937 cells. Values are means with standard errors of duplicate

experiments.
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Control S0 pg/ml

B

100 pg/ml

™ -
| *
“

Fig. 34. Comet images of U-937 cells after the treatments of different
concentration of >30 kDa fraction of Sargassum coreanum Celluclast

extract.

- 101 -



Control

200 pg/ml
-

* g

Fig. 35. Comet images of U-937 cells after the treatments of different
concentration of >30 kDa fraction of Sargassum coreanum Neutrase

extract.
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Fig. 36. The effect of different concentration >30 kDa fraction of Sargassum
coreanum Celluclast and Neutrase extract on nucleolus DNA damage
in Lymphocyte cells. Values are means with standard errors of

duplicate experiments.
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Control 50 pg/ml

200 uicr/ml

L
>

- P
.
*

Fig. 37. Comet images of Iymphocyte cell after the treatments of different
concentration of >30 kDa fraction of Sargassum coreanum Neutrase

extract.
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Fig. 38. Comet images of Iymphocyte cell after the treatments of different
concentration of >30 kDa fraction of Sargassum coreanum Celluclast

extract.
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3-5. @AWY E9 U-937 cellz HL-60 celle] th3t cell cycle ¥ 3}k

Fig. 39~42° Zd vzt Neutrase$t Celluclast®] >30kDa #3&S 7} i
U-937 A thdk cell cycle W3S =43 A3 24 Fig. 399 Fig. 4014
Neutrase FZE9 4% 50 pg/met 100 pg/moAAAE FEES ADsA &S
control®] sub-G19] 3.15%<} Hls=gk X0 ZH7} 3.10%9f 3.25%°] sub-Gi
S YEH oY 200pg/mee] sE A= sub-Giol 15.66%E YERH Fo =z Hol
Ak

Fig. 41¢} Fig. 429 Celluclast F=&° 45T 100 pg/mlol A= tHEF9
sub-G19] 3.15% Xt} 2t =2 X9 482% TXE YEFH O 200 pg/meo

H

{
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s

apoptosis’} =¥ AL g
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FTENAME sub-Gio] 17.74% 5 YEIH Ao =2 Hol Neutrase F=EHU oF7H
O GBPC] Shadmug] ST,

=< apoptosis’7} = A
Fig. 43~46<
HL-60 M3 tfdt cell cycle W3lE A Aa=Z4 Fig. 439 Fig. 441X
Neutrase F%=%9 45 50 pg/ml$ 100 pg/mlol A= sub-Gio] Z+ZF 4.33% %+
6.21%Z YEFH O] control sub-Gi9] 291% Kt} ¢F7F =2 apoptosisE HERHA
3 200 pg/mle] FEANA = sub-Gio] 1445% % HUY =L apoptosis’t =¥

ol 2wt Neutrase®} Celluclast®] >30kDa #+3 &S 7[A 1

Fig. 459} Fig. 469] Celluclast F&=9 4%% 50 wg/méet 100 pg/méoll A=
sub-Gi°] Z+7} 5.02%¢t 5.63% W23 apoptosisE WEF 1AL, 200 wg/mle] &

Tol M= sub-Gio] 16.21%2 =X = e

HL-60 A3 o3t °F& 2% Butula platyphylla var. japonica FZ%%= 2] flow
cytometric #2412 %3 apoptotic Il A 24A17F < FEEY FEE 4 pg/
ml(0%), 20 ug/ml(5.7%), 100 ug/m(12.2%) H 500 wxg/ml(68.5%)% apoptotic cell
o] wjgo] Tkl om, 500 pg/mle FEE FEoA AZEE 3A13H255%), TA
7H46.3%), 1641 7H(58.2%) X 2441 7H(68.5%)2 poptotic cell®] H]& o] F7}sl%

T B asE T (Ju et al., 2004).

U937 Al*Ee] th3dk MCSB9 apoptosisE &
Go/G1 oA MCSB &X=2E4 % DNA 3

o

37 93 cell cycle Ao A

o

o] =713k bk S Ao = 7

S “
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23 o™, sub-Gle apoptotic H] &2

control 2}

(4.16%), 10 pg/mb(8.76%) % 15 pg/me(16.11%)4 77t

(Cha et al., 2004).
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Fig. 39. Effect of >30 kDa fraction of Sargassum coreanum Neutrase
extract on the cell cycle pattern and apoptotic portion in U-937 cells
by flow cytometric analysis. Histogram patterns of U-937 cells treated
with various concentration of >30 kDa fraction for 24hr by cell cycle

analysis.
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Fig. 40. Bar graph for cell cycle patterns of U-937 cells treated by various

concentration of >30 kDa fraction of Sargassum coreanum Neutrase

extract.
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Fig. 41. Effect of >30 kDa fraction of Sargassum coreanum Celluclast
extract on the cell cycle pattern and apoptotic portion in U-937 cells
by flow cytometric analysis. Histogram patterns of U-937 cells
treated with various concentration of >30 kDa fraction for 24hr by

cell cycle analysis.
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Fig. 42. Bar graph for cell cycle patterns of U-937 cells treated by various

concentration of >30 kDa fraction of Sargassum coreanum Celluclast

extract.
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Fig. 43. Effect of >30 kDa fraction of Sargassum coreanum Neutrase
extract on the cell cycle pattern and apoptotic portion in HL-60 cells
by flow cytometric analysis. Histogram patterns of U-937 cells treated
with various concentration of >30 kDa fraction for 24hr by cell cycle

analysis.
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Fig. 44. Bar graph for cell cycle patterns of HL-60 cells treated by various

concentration of >30 kDa fraction of Sargassum coreanum Neutrase

extract.
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Fig. 45. Effect of >30 kDa fraction of Sargassum coreanum Celluclast

extract on the cell cycle pattern and apoptotic portion in HL-60 cells

by flow cytometric analysis.

Histogram patterns of U-937 cells

treated with various concentration of >30 kDa fraction for 24hr by

cell cycle analysis.
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Fig. 46. Bar graph for cell cycle patterns of HL-60 cells treated by various

concentration of >30 kDa fraction

extract.
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