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Effect of Properties and Anti-inflammatory of
Sargassum muticum and Sargassum patens C.
Agardh Extracts Using Crude Enzyme from
Shewanella oneidensis PKA 1008

Ji-Eun Lee

Department of Food Scinence and Technology,

The Graduate School, Pukyong National University

Abstract

Brown algae, such as Sargassum muticum (SM) and Sargassum
patens C. Agardh (SP), contain 30 to 60% carbohydrates and
polysaccharides such as alginate, fucoidan, laminararan and
mannitol, etc.

Moisture, ash, crude lipid, crude protein, total sugar and
alginate contents of SM were 12.30%, 19.01%, 1.65%, 12.20%,
53.35% and 26.46%, and SP were 8.29%, 21.64%, 0.60%, 18.10%,
51.37% and 32.37%, respectively. This study was conducted to
investigate the physicochemical properties and anti-inflammatory
effect of the enzymatic extracts of SM and SP using crude
enzyme from Shewanella oneidensis PKA 1008. S. oneidensis PKA
1008 strain, producing an alginate-degrading enzyme, was

isolated from Ulva pertusa. To obtain the optimal degrading



conditions for the SM and SP, the SM and SP were prepared in a
ratio of 1:1 (v/v) with crude enzyme from S. oneidensis PKA 1008,
respectively. The mixtures were reacted at 30°C for 0 to 60 h.
Changes in pH, color value, reducing sugar, viscosity and
thin-layer chromatography (TLC) of SM and SP degrading
extracts were measured. The reducing sugar of SM increased
significantly as the incubation time increased, and showed the
highest reducing sugar is 474.35 ug/mL at 48 h. SP showed the
highest reducing sugar is 571.91 pg/mL at 24 h. The pH and
viscosity were significantly reduced at 60 h compared to 0 h.
The degraded alginate oligosaccharides were visualized by TLC
developed with a solvent system of n-butanol:methanol:water,
4:1:2 (v/v). Alginate were degraded into dimmers at 60 h. In the
LPS-stimulated macrophage RAW 264.7 cells, the secretion of
cytokines such as TNF-a, IL-6, IL-13 was inhibited by the
treatment of SM and SP enzymatic extracts.

These results indicate that crude enzyme from S. oneidensis
PKA 1008 can be wused to improve the polysaccharide
degradation of SM and SP.
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(Gacesa, 1988), W& ZZ(Cho et al, 1990), &<H(Lee et al,. 1992;
Lee and Sung, 2003; Cumashi et al., 2007), & H}o]#] ~(Nakashima et
al., 1987), & d &7 (Scot et al,, 1987; Lee et al, 1999; Ciancia et
al., 2010), A &= 7} A (Bocanegra et al.,2009) 2 FxwtA 98 74

(Lee et al., 2010) 5 sxF2o EAozHE 7]U3 7|54 EHo &3

chFe A7k deld Yk AERFE AgsE kel dolsh A

o] T WY, gAln} R Expgkyp Ao AxFol AxE A IR
247142 B-D-mannuronic acid (M)®} a-L-guluronic acid (G)¢] 8-14

Ag e o-14 AFgoz o]lFojzx EHIouFolmw(Joo et al., 1995;
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Mori et al., 1981), mannuronate block (M-block), guluronate block
(G-block) 3 MG-block®] Zei# el H& 3} &ApgFe] zpolo] fste] A
L, 83l=, 73t B dol2 uds 5o =40 dFS wE Ao
defA Aok @A LA A, SHA, BHeA T4 FHE AE,
ofofsE, sHE B AlA T olg okl o] &H L e (Kennedy et

al, 1984), A1FAM = 7k 5, 3, A, ofo]l2AH, oF The,
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(Strongylocentrotus purpuratus)(Eppley et al., 1959), A2HTurbo
Corntus)(Muramatsu et al., 1977), A& (Haliotis tuberculata)(Boyen et.
al.,, 1990), 24 (Dolabella auriculria)(Anzai et al., 1991) SollA &gl 3k
A%k el B dHA dew, A st A B Fde W
A wlAEQ  Pseudomonas aeruginosa (Linker et al., 1984),
Aczotobacter vinelandii (Kennedy et al., 1992), Vibio sp. (Joo et al.,
1995). Sphigomoas sp. (Wataru et al, 1998), Alteromonas sp.

(Iwanoto et al., 2001), Streptomyces sp. (Kim et al., 2007) SolA <&

]

3l &7t

M

olelgh Y HAE FI & d4s vedE H4
pH WY& 6-90]1, H2 2%& 30-40ColH, AAE a4 EAFLS
20-90 kDa¢l z o= gle vk ArhHKim et al, 2011). E3 W AE
g 404 EEs FHAE cloning FOoEN &4 i Aol v}

SelA WAl 0 Pel MARE gE ATt 2w AgHn 9

|
2,

AWFS- 0% uronic acid F&AY 1, 4

—

B

glycosidic A%< &3llste] Exshy vy Zds AT &
4 AtH(Wong et al,, 2000; Zhu and Yin, 2015).

old  AF(Sunwoo et al, 2013)oAE ZxFA FHZADRH(Uva
pertusa)ol A 223 FF5 16S rRNA G471 E 24 WHoez FA%
A3 Shewanella oneidensis AlS Y-S ER13tA( 3L, ©]& Shewanella
oneidensis PKA 10082} ™ sttt dA7bA Hixol d= S
oneidensis PKA 1008 219 &4 EHES o83 Aol S04
o 2834 AN HAHFx2713 5EH(Sunwoo et al., 2013), &714F 23
Faol 93] Alxd &4 S ade F9F 23 (Kim et al, 2015),

o

S. oneidensis PKA 1008 &4 NS o] &3t FUARARH(Sargassum



coreanum) F% LaES] WAFZ G (Park et al, 2017) 2 7] 5

(Undaria pinnatifida Root) &4 E3l&E9 EA4 % A= a73(Xu et

al., 2020) 5ol 3
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SLARER (Sargassum)S &L
2A F2 2099 HEY, A5 B SFEAde] e Bxse, A A
A 400 FS et wlg 2 EFToE delAd JohHKim et al,
2007). 7Ae& X2 AN (Sargassum muticum)S Al Bk A5 g
H o NS A5 Uyo] AlE W s F(0ak and Lee, 2005)
o2 YT AFoE F7IE&ME o] &g ditst H FAF EH(Kim
et al, 2007), &<4 2 dd# F4 GHNamvar et al, 2013)o] 3+
A7 Bade] gt Aol mzinke Mg AFol= U8 E

945 23 (Kim et al, 2017)o] &3 A7} Hixo glor
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1. 438 A=
1-1. N3 &5
RAA e FE AT AejelA ApRIld golgel Rar} 2

s
3 T =xF FHEYNU pertusa)ZHE 23 Shewanella
oneidensis PKA 1008 5 (Sunwoo et al, 2013)E2 2 23] A&3
t}.

1-2. 28 A5 3 A%

BooAgas AE

ro

A& R A (Sargassum  muticum) 3}
ko] B auk(Sargassum patens C. Agardh)-2 ZHzF 20161 3 20154 <)
FAAL 71 dstelel A AAS FEE RS A FASHAT. o] %

S Boh A Axdm, B4 AEE F, BT Fuz AT T3

2

Marine broth (MB):= DifcorH(BD Difco, New Jersey, USA)<]
A# S, sodium azidex= Junseirt(Junsei Chemical, Tokyo, Japan)
AES AFEEAY. FEAleF AE sodium  carbonate anhydrous,
potassium sodium tartrate tetrahydrate, sodium bicarbonate % sodium
sulfate2 A zatla, A BE CuSO, 5H0Z Al Z3he] AFE-3F 3T
Sodium bicarbonate™= SigmaAF(Sigma Aldrich, St. Louis, Missouri,
USA)®] A3%%, sodium carbonate anhydrous, potassium sodium
tartrate  tetrahydrate %  CuSO45H.O&  YakuriAH(Yakuri Pure
Chemicals CO., LTD. Japan)ollA F3ste] A7el| o]&s}3it
TEAF DeE TEAY A% A BE 2514 HEGv) =
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2-2. 2R 4L H9 A
S. oneidensis PKA 10082 H#4 wj 27191 2% NaCls H7Fgk MB
i 2] (pH 9)oll Al 30T Z=7 o2 24417+ 8] &3 th(Sunwoo et al., 2013).
o] 4T <A 10,000xg= 3037t ¥4 2] (Supra 30K, Hanil Science
Co., Korea)stal, A5 de& xagihdoz AEsTh o wf AR
Zaghde] A4S sy ¢3dte], 4 PBS (phosphate buffered
saline, pH 74002 Az" 4% LAy Zg4pdS Llv/vVE
Egksla, 30ToAA 244

=
r]I.
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10 mM phosphate buffer (pH 9= o]&3sle] AU FEEAwa
Adbol ek Al 22 20 mg/mL FE2 A%, S oneidensis PKA
1008 Zgade 52 @A pHE 1 N NaOHE ©] 839 pH 9=
2t 20 mg/mLY ¥ EE AzxH AoTEREAum gubo] v aput
N &E Shewanella oneidensis PKA 1008 & AN} 1:19] H&(v/v)ZE
Zkzp st it oju] v mAEC o3 e de WHsty] fldte] 0.02%
AlEE 30CA 0, 3, 6, 12, 24, 48 &

A& E A bk Adlo)| B apul FE BIE9 pHYE pH  meter



(HM-30V, TOA, Kobe, Japan)& A}&3te] FA3AY. EE A85e
3 HbE 4% & Furgie® YER AT

AAFEREANT gdto] B & FalE] e S AAAEE
cellol 2+ AMZ9] AtdE B ES FH3 T, AAA(JC01, Color
Technosystem Co., Tokyo, Japan)& ©]&3to] T %Z(lightness,
Lx-value), 42 %=(redness,  a*-value), % 3} A 1= (yvellowness,
b#-value)& SAstAt. SAHLS HA 53 o] wrES HIEHYS

Tariom, oW AbgE  ®mEAT™ & Lx=9875, ax=0.22,

2-4-3 BAT 2 A=

BAoTERANy ol rzRk | 5 =AY TS
Somogyi-Nelson' & ©] &3l FA o thH(Nelson, 1994). 72t A% 0.15
mL¢ F-2]A12F D 015 mLE 242 Al@#o] ¥& &, 100TColA 20 7F
ZFEste]l CwOE  AAAIZI, = ERAEd 03 mLE A4

zZAs A HrFsEA Y o] & UV 23 B EA(Genesys 10SUV,
Thermo Spectronic Rochester, NY, USA)E A}&3o] 520 nmol A

FAEE SAHSAL, glucose HF FA(Fig. DS o83t FAdGE
AgatArt. 99 standard curve®= 1 mg/mL glucoseZ 0, 6.25, 12.5,

25, 50, 100, 200 pg/mLe] == 343 F 43 FdF FFow

LEE3tAT.
7t sl2 FF wellEe dxv FAEA0VLTDV-I, Brookfield Co.,

Middleboro, MA, USA)E AF&ste] Hbg A HE W E



t}. =4 A], Stevens® Levin (Steven et al., 1976)¢] WH <&

o] 25C, 30 rpm¢ ZF7A 40 cP spindles AFg3st]



y=0.0052x + 0.0082

r2=0.9991
08

06 -

04|

Absorbance at 520 nm

0.2

®  D(+) glucose

0 25 50 75 100 125 150 175 200

0.0

Concentration (ug/mL)

Fig. 1. Standard curve for determination of reducing sugar.
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10 mM phosphate bufferES ©°]€3ste] 20 mg/mlL TE9
AE R Ay Ao Rtk A RS 747 A ZEta, 2EANS 1]
A& (v/v)2 "7kete] 30CelA 0, 3, 6, 12, 24, 48 X 60A1%+ F<r
WA AT 2 A B4 EelES 5243 otr] 9kl 100C B
2o 10&7F 7Fdsksd e, 10,000xg, 4TCAlA 10+3F 94 2t &
BFhe -T70CoAA 2 Axsdn. 2 dxd A59 995%

ethanols 1:4.1(v/v)e] H|&o] HEE Axste] 1243F ¢ 29&

Asted AlRE A7 20 mg/mLE  &3]A1z1 & thin-layer
chromatography (TLC)E ©]&3lo] £A18%it}. Silica gel Fusy plateol]
AztE 2 g8" AlgEE 7 5 ul® spotting 3dF%lil, 1-butanol

methanol @ water (4 1 @ 2 v/v/wE AA &WE AZx3}
AetAe. =3 10% H.SOE #7138k ethanol &S E5F351¢]

AZAZ o2, 110ColA 2087 3] 313t}

2-5-2. ¥9F &7
2-5-2-1. Al Zw %
S A 2523 (KCLB40071) & 2 5-B] w29 th 2 A2 RAW 264.7
MNEZE Eofdtol Abg3lglen, DMEM (GIBCO, Grand Island, NY,
USA)el  10%  inactivated fetal bovine serum (FBS)$ 1%
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pebicillin-streptomycin (PS)& H7bgk vj#] & wjgA o=z st 5% CO.
incubator (MCO-15AC, Sanyo, Osaka, Japan)ollA 37°C 7o = n|<t
Stttk mek Ay A] RE A¥ES 80-90% AL ULEg eSS uj

Ath vl Fel s ar, 20 passagesES @71 A F2 A ETHS AL T

2-5-2-2. AX FA 53
RAW 2647 cello] & ZAerEmauts kol mapy ezl 7t

AZPE uEg Ase] ME B4 s

N
1o
ol
ol
s
e
=
a3

<y

o

S

S

SJ)

o

o

rE

S of7F WEEto] MTT assays A A9t RAW 264.7 cellS 96 well
plated] 1 x 10° cells/mL s %2 FF33 20412k Av]Fstdct. vl

%, 1 pg/mLe] LPS$ AeTE R ANk Aol Bzt FaEsS w524
%01, 1, 10, 50 3 100 ng/mL) Z+zt A 7Feko] 37°C, 5% CO. incubator
(MCO-15AC, Sanyo, Osaka, Japan)oll Al 22A]7F wjokslict. wjok & 5
mg/mL MTT (thiazol blue tetrazolium bromide, Sigma-Aldrich
Chemical Co.) &4 F7FekaL 4AIZF WEEAZA T o] & 4T, 879xgol A

ot

108 7+ A28 (UNION 32R, Hanil Co., Incheon, Korea)dto] AF= oY
S AlASEA, Z welldl DMSOE #7189 microplate reader (Model

550, Bio-rad, Richmond, CA, USA)E ©]&3}o] 540 nmolA FF%=
[optical density (O.D)]E 439t AXT2A 52 o3 2o 23 7
WA=

sample O.D.
control O.D.

Proliferation index(%) = x 100
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2-5-2-3. 9% #d¥ cytokine £H ¥ 3
3l = ¢ a2 =487 98

o] d= B9 cytokine?l TNF-q, IL-6 2 IL-1B¢ #H] %S ELISA-kit

(

7 ¥ B Ak

0%
nE

JERE el

e
o|N

(Mouse ELISA set, BD Bioscience, San Diego, CA, USA)E o] &3}
=43t RAW 2647 cellS 25 x 10° cells/mL 5% 2 48 well plate
of HF3sla, 5% CO, incubator (MCO-15AC, Sanyo, Osaka, Japan)®ll
A 18A1E ATl o] ) 1 pg/mLel LPS ¢ 0.1, 1, 10, 50 %
100 pg/mL §%=9 BTSSR A gy} Aol Ryt Zaj=S 2kt A7
st 12A1 7 dRstdth. ELISA  microplateo]  capture antibody &
anti-mouse TNF-q, IL-6 % IL-1B3E ZtZ} &F35}9] 4TolA 33w &
ot coatingAl#Ath. o] 0.05% Tween 20°] *¥3+%¥ phosphate buffered
saline (PBST)So.& A|&Hslar, 10% FBS &9 o =% blocking 3+ 3, ThA|
PBSTZ M &H3A . 2 g 35BS blocking® microplated] 53}
L, ALoA 24 ERF ¥EEAZl F PBSTE AlHsttt. 343
biotinylated = anti-mouse ~TNF-a, IL-6 detection antibody %}
streptavidin-horseradish peroxidase conjugateS F7}3}o] Ao A 14
7F Wk A T IL-1B9) 7<%, biotinylated anti-mouse IL-1B detection
antibodyE  #7tste]  1A1ZF HES ARl & streptavidin—horseradish
WESAIZ T o] &, o]E TA

gho] A 2ollA 30% Fot ot

e

peroxidase conjugateE % 7}slo] 305

PBST=Z A&k o, OPD €95 #

)
N
-

SA AT 2 N HSO2 HES-S F3 A171 % microplate reader (Model

550, Bio-rad)& ©|&3t% 490 nmollA F3=E SAHA

RE A3 Ao 3t EA A= SAS software (SAS Institute, Inc.,

_13_



Cary, NC, USA)E A}&3te] Hghs EAHEAS 3 P<0.05 ol A
Duncan’s multiple range testfel W 55 7Fo] 94 Aol& 7

439t
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32 19.01%, =AW

ZHRH(Table 19 &< 12.30%, %=

A<
=5

A

A3} (Table 2),

b A=
e Rels

|=RKe)
AES

Qur

< 51.37%°] T

AA TS RANE 26.46%, o] EAHEES 32 379% 9Tk

2007).

AT (Park et al,

30-67% A=z 2HA

ok
2

AE7ITo=2

fucoidan

ml
=

A+ laminaran

o2 H3HE3 Jk(Cho et al, 1995).

i)

Uz

N
)

—
fite)

2|

)

B-D-mannuronic acid (M)%} a-L-guluronic acid (G)7} a-1, 423t

ggFE g4 gl Acid alkali soluble

Alkali

hetero?

}

o

alginate (ASA), Hot-water

soluble

(AASA),

alginate

Ul

chAl s,

extractable material (HWEM), Water soluble alginate (WSA)<]

-
1

oA e AAks]

el

el

!

TF&2 10.2-18.6%=

ki3

g

I

=l

-

39.6%= 7}
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o

ol

o

= HE A% (Yoon et al., 2004).

HET =2 HAA4 A%

FE

HAZ=7F WSA

o] 9] of =

=y
N

B, ZApgke]l Ad W stel] uwf

Zjl

1754

A

o] H i1 (Park et al., 1969;

Kim and Park., 1975)% =} it}
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Table 1. Proximate compositions and alginate contents of

Sargassum muticum

Component Contents (%)
Moisture 12.30+0.26
Ash 19.01+0.08
Crude lipid 1.65+0.27
Crude protein 12.20+1.00

Total sugar (Alginate)

53.35+0.05 (26.46+0.10)
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Table 2. Proximate compositions and alginate contents of

Sargassum patens C. Agardh

Component Contents (%)
Moisture 8.29+8.57
Ash 21.64+0.19
Crude lipid 0.60+0.42
Crude protein 18.10+0.37

Total sugar (Alginate)

51.37+0.05 (32.37+0.10)
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2. & R EY EH U JES 57
2-1. & EHE 54

2-1-1. pH

10 mM phosphate buffer (pH 9)& A< EAN} Aol gt

ol Zpzh Ejtste]l ZF AR $X7F 20 mg/mlo] HEE Ax

Shewanella oneidensis PKA 1008 Z& 493 20 mg/ml 552 Z; A
25 Il Hle/vE EFeto], 34 wall A 2221 30°Cell A v gt
At AETFEEAN Al8e A5 0-60A17F FF, o] EA AlRe

8T 0-48A1%F &t RESAIZ T whE -, ZF AZPE R A x3 Eaf &Y

BETEEAR ZES pH 54 A, 0Algtel pH 7.8891 A4 F¢8 1t
& AlZte] Zojds= pH el fFeldez #AAsoln, 60474 pH
= YEt A TH(Table 3).

AtolBztut FalEe] pH 54 A3, 0A kel pH 7.97o A 78 kg
Algrol Aojds5E pH gho]l #oAo=m FHAskRlar, 48A17tel| A pH
pH #= YEH At (Table 4).

olg]at A= A WA Sargassum coreanum)® v EE] 2 2w

Zdb Boll Shewanella oneidensis PKA 1008 Z& A NS H7}3ste] b

\1
DO
o
o
fr
N
=
o
p\e
rlo
N

S Alzre] SrbEEE pHF A4 A4 A3k (Park, 2017; Xu, 2019)9t
Akt L7149 polymannuronate=  271AF H-3) & A (alginate
lyase)el 28] B-1,4-glycosidic 2 o] #ai¥ o] A +=d(Kim et al,
2011), pH7F A3 Zadhes A2 wE Algte] Sr7bgel meh ey =

?1 Shewanella oneidensis PKA 1008 % 3&

49 EFOR AW FUTEEANT urolmAut RaEe pH v
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Table 3. Changes in pH of Sargassum muticum enzymatic

extracts with incubation time

Time (h) pH
0 7.88+0.79"
3 760+0.01°
6 7.42+0.01¢
12 7.38+0.00¢
24 7.32+0.01°
48 7.26+0.01"
60 7.18+0.018

"Means in the same column (a—g) bearing different superscript in samples

are significantly different (P<0.05).
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Table 4. Changes in pH of Sargassum patens C. Agardh

enzymatic extracts with incubation time

Time (h) pH
0 8.01+0.01°"
3 7.94+0.01°
6 7.89+0.02¢
12 7.83+0,01¢
24 7.57+0.02°
48 7.17+0.02¢

YMeans in the same column (a—f) bearing different superscript in samples

are significantly different (P<0.05).
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=
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=

p

A% (bx)7F Z47F 49239 55772 == A

] 2 th(Table 6).
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To=2 WeH(Ahmed et al, 2002; Canjura et al, 1991). ZE3H
carotenoids®= UWkd oz xgAoln Fd o|FAI F7} BWSFE I
Mo A Ao weks Ao okeld vk ool 300-500 nm I
ANX 5AH FFdsE 7MW, EXxs=rF v$ 7] ol IHAitEE

ZA}, TEol2, A 4, 3}erekE 9 peroxidase sol 9@ A 4ks)
Hol 5= 54 dth(Mascio et al., 1989).

of FfEel e M FR G52 R Rm=A A
e il

fru
2
-
r—{o
L
H
)
=3
s

o
?_’.
[u—
{o]
O
2
)
ofl
k
rlr
2
o3
N
o
Sy
lo
(il
ik

al, 1984). Kim 5(2012)¢] |+l wmE2d sixzfio =2 Ax A A=

B34 Fo eEE Az Bue] 2d B4 Yo L Mo 9P

< v Bag vp th 3 gAeE FEAS o83 UE S8
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Table 5. Changes in color value of Sargassum muticum

enzymatic extracts with incubation time

Time (h) L* ax* b*
0 29.77+0.03*" 491+1.25 46.66+0.05"
3 17.61+0.08" 5.12+0.17* 39.49+0.13"
6 17.07+0.00° 5.22+0.40° 33.98+1.50°
12 10.69+0.00¢ 2.73+0.00° 27.56+0.001
24 10.09+0.00" 4.87+0.65 26.53+0.00¢
48 10.24+0.00" 472+0.31° 21.92+1.88"
60 13.55+0.34¢ 3.05+0.33" 24.94+0.00°

PMeans in the same column (a—f) bearing different superscript in samples
are significantly different (P<0.05).
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Table 6. Changes in color value of Sargassum patens C.

Agardh enzymatic extracts with incubation time

Time (h) Lx* a* b*
0 49.23+0.03° 5.87+0.04¢ 55.77+0.29°
3 41.05+0.01° 6.95+ 0.08° 55.72+ 0.02°
6 39.48+0.00° 746+ 0.00° 56.72+ 0.75°
12 32.98+0.02¢ 7.87+0.10° 53.76+0.30°
24 31.99+0.04° 7.88+ 0.17° 52.05+ 0.63¢
48 33.50+0.02¢ 713+ 0.17° 51.19+ 0.05°

"Means in the same column (a—f) bearing different superscript in samples
are significantly different (P<0.05).
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Table 7. Changes in reducing sugar and viscosity of
Sargassum muticum enzymatic extracts with

incubation time

Time (h) Reducing sugar (ug/mlL) Viscosity (cP)
0 200.87+3.24" 1.61+0.022"
3 340.19+2.23" 1.55+0.02"
6 373.31+8.47¢ 1.50+0.02°
12 429.35+3.244 1.49+0.01¢
24 462.47+2.29° 1.44+0.02¢
48 470.54+2.322 1.37+0.01°
60 451.05+3.10P 1.32+0.01"

YMeans in the same column (a—f) bearing different superscript in samples
are significantly different (P<0.05).
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Table 8. Changes in reducing sugar and viscosity of
Sargassum patens C. Agardh enzymatic extracts

with incubation time

Time (h) Reducing sugar (ug/mL) Viscosity (cP)
0 184.86+1.14™ 2.63+0.01*V
3 365.57+2.32° 2.44+0.04°
6 444.14+7.81¢ 2.34+0.03¢
12 552.6043.25 2.31+0,024
24 571.91+4.62° 2.24+0.02¢
48 532.8527.26° 2.14+0.02"

YMeans in the same column (a—f) bearing different superscript in samples
are significantly different (P<0.05).
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Monomer
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Hexamer

| I B B |

AEY & 4 5 6

Fig. 3. TLC analysis of Sargassum patens C. Agardh

enzymatic extracts by alginate degrading crude

enzyme according to various incubation time.

Reaction time: lane 1, standard; lane 2, 0 h; lane 3, 3 h; lane 4,
12 h; lane 5, 24 h; lane 6, 48 h.
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A A EZef| et MESAHS F2lsty] flste]  Shewanella oneidensis
PKA 1008 ZgANoz FaAzl A& EAdk) Adto] & xpdk 7z}
Bl & o] RAW 264.7 Al3o] i3 MTT assayS A A 3F T}

BAETEEAR} Aol it FalE AlEE 0.1, 1, 10, 50 # 100

ng/mL =2 RAW 2647 Alxo 42k Agsta, AX A4S &A%
A3, F AlE EF 01-100 pg/mL 5% HeldAd RAW 264.7 Al E 9]
SA5°] PBS Aglgtek FolHl Ao]E HolA| fhol Al =740l gl

1o = deksldth(Fig. 4, 5). webA o] 5-2] RAW 264.7 A5 o] &3t

o >N

UTER AN} AuolE A RBY FPF a3t 4P 247 0l

1, 10, 50 % 100 pg/mLe] &% HH= A Wst At
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I FES
0.1 ug/mL
100 | M 1pg/mL
10 pg/mL e
I =0 pg/mL i
Aa Aab
I 100 mg/mL -|- Aa an g
100 A e Aa T Aab paby
Ab
i
>
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£
=
K=
®
kT 60
2
©
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20 +
0

Oh 48 h
Time of enzyme reaction

Fig. 4. Effect of Sargassum muticum enzymatic extracts (0

and 48 h) on the proliferation of RAW 264.7 cells.
Cells were incubated in the presence of samples (0.1, 1, 10, 50, and
100 pg/mL) for 48 h. Cell proliferation was determined by MTT
assay. Proliferation index (%) = (sample O.D./ control O.D.) x 100.
Means with different letters (A) and (a-b) above the bars are
significantly different (P<0.05).
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Proliferation index (%)

Fig. 5.

140

[ EE

0.1 pg/mL
1 pg/mL

10 pg/mL
I 50 pg/mL
I 100 pg/mL 4

120

100

80

60

40

20

Oh 48 h
Time of enzyme reaction

Effect of Sargassum patens C. Agardh enzymatic

extracts (0 and 48 h) on the proliferation of RAW
264.7 cells.

Cells were incubated in the presence of samples (0.1, 1, 10, 50,
and 100 pg/mL) for 48 h. Cell proliferation was determined by
MTT assay. Proliferation index (%) = (sample O.D./ control O.D.)
x 100. Means with different letters (A) and (a-b) above the bars
are significantly different (P<0.05).
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2 IL-18 59 #ulE FHste W9guteS 2ddth [L-18 w4
ASEEE wiistH, FFHARIAY] TNF-as SHAEXE FAA 7=
2472 zZ 4894 9th(Dinarello et al., 1990; Stankiewicz et al., 2002).
TR IL-6 TAlxEe @43t 3 dsmiiede 2ds S 5HA
WS MAstE &4 o]th(Liu et al., 1998).
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IL-18 wH] o] FolatA AAES Gt o, 48417 w3l =4 oF
98%2] A EH}Z HATHFig. 10). E3F 0AI7FY} 48417 Rl & Al 5 9
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T EE7E Skl whek LPS ©s AglTtel Hlsto] IL-1B #H S o
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TNF-a (pg/mL)

Fig.

2500

2000

1500

1000

500

PS5
0.1 pg/ml
L 1 opg/ml
10 pg/miL
I 50 pg/ml ‘|’ Bbgp
100 pg/mi A

FBS LPS Oh 48 h

Time of enzyme reaction

Inhibitory effect of enzymatic extracts of
Sargassum muticum with incubation time on the

production of TNF-a in RAW 264.7 cells.

Cells were incubated in the presence of LPS (1 pg/mL) alone
or with samples (0.1, 1, 10, 50 and 100 pg/mL). The
supernatant was isolated and analyzed using ELISA kit for
cytokines. Means with different letters (A-C) and (a-e) above
the bars are significantly different (P<0.05).
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= 1000 |
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500 |
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Time of enzyme reaction

Fig. 7. Inhibitory effect of enzymatic extracts of
Sargassum patens C. Agardh with incubation

time on the production of TNF-a in RAW 264.7

cells.

Cells were incubated in the presence of LPS (1 pg/mL) alone
or with samples (0.1, 1, 10, 50 and 100 pg/mL). The
supernatant was isolated and analyzed using ELISA kit for
cytokines. Means with different letters (A-C) and (a-e) above

the bars are significantly different (P<0.05).
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IL-6 (pg/mL)

Fig.
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1400 0.1 pg/mL 2
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Time of enzyme reaction

Inhibitory effect of enzymatic extracts of
Sargassum muticum with incubation time on the

production of IL-6 in RAW 264.7 cells.

Cells were incubated in the presence of LPS (1 pg/mL) alone
or with samples (0.1, 1, 10, 50 and 100 pg/mL). The
supernatant was isolated and analyzed using ELISA kit for
cytokines. Means with different letters (A-C) and (a-d) above
the bars are significantly different (P<0.05).
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IL-6 (pg/mL)

Fig.
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Time of enzyme reaction
Inhibitory effect of enzymatic extracts of

Sargassum patens C. Agardh with incubation
time on the production of IL-6 in RAW 264.7

cells.

Cells were incubated in the presence of LPS (1 pg/mL) alone

or with samples (0.1, 1, 10, 50 and 100 pg/mL). The
supernatant was isolated and analyzed using ELISA kit for
cytokines. Means with different letters (A-C) and (a-e) above

the bars are significantly different (P<0.05).
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IL-1B (pg/mL)

Fig.
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Time of enzyme reaction

Inhibitory effect of enzymatic extracts of
Sargassum muticum with incubation time on

the production of IL-18 in RAW 264.7 cells.

Cells were incubated in the presence of LPS (1 pg/mL) alone
or with samples (0.1, 1, 10, 50 and 100 pg/mL). The
supernatant was isolated and analyzed using ELISA kit for
cytokines. Means with different letters (A-C) and (a-d) above

the bars are significantly different (P<0.05).
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IL-1B (pg/mL)

Fig.
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Inhibitory effect of enzymatic extracts of
Sargassum patens C. Agardh with incubation

time on the production of IL-1B8 in RAW 264.7

cells.

Cells were incubated in the presence of LPS (1 pg/mL) alone
or with samples (0.1, 1, 10, 50 and 100 pg/mL). The
supernatant was isolated and analyzed using ELISA kit for
cytokines. Means with different letters (A-C) and (a—f) above

the bars are significantly different (P<0.05).
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