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Abstract; In order to study the structural characterization and antioxidant activities of fucoidan from Sargassum fusiforme, a
heterogeneous polysaccharide SFP-2 was obtained by CaCl, solution extraction and anion-exchange.Structural characterization
of SFP-2 was preliminarily determined by high performance gel permeation chromatography (HPGPC) , chemical methods, high
performance liquid chromatography ( HPLC) as well as fourier—tansform infrared (IR).The antioxidant activities were evaluated
by scavenging assays involving DPPH radical , superoxide anion, ABTS " radical, nitrite and reducing power. Results indicated
that SFP-2 appeared as a single and symmetrical peak in the HPGPC chromatogram and the average molecular weight was
707.0 kDa.The contents of total sugar, protein and sulfate ester were 66.9% ,3.1% and 21.2% ,respectively.No uronic acid was
detected , SFP-2 was mainly composed of fucose and galactose with a small amount of mannose and glucosamine. IR further
proved SFP-2 was a sulfated polysaccharide.From the results, SFP-2 was a sulfated fucoidan without uronic acid. SFP-2 had
good scavenging activity for DPPH radical , superoxide anio, ABTS " radical and nitrite.The EC, values of the scavenging assays
were 8.94,8.30,16.04,9.87 mg/ml, respectively, with the ability of reducing power.Results above indicated that SFP-2 was a
kind of non-glucuronic acid fucoidan which had better antioxidant activity.
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SEMSE (Sargassum fusiforme ) K& T3] 52
B, I A T h E B A R R — AR
mn, HA AR & 9 B A 25 A8, 3R 24 it R 0
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FIEAG R Al L L, SRR 2 eI AR
43, T 2 EH 4 2 | o SO RS R 4 TR U s A I, B Sl
Hooy B Aty e IR

BRI 2 A S Th BB Y M AH Sy, R
SR A AH 2R 0 S EONE D R S Y 0, = —
Fh A PR TOBR BRI G o N AT 2 Rh B 2R Wi
P ITAE R Z B AT 12 6k PR R ERSR
38 Al AR 7S 2 P R A ORI, il i Xt DPPH | SR gk
I H JE (177 B BE 7 R P4 B AT Pe A A s 4, (H 2
X et BHE RS (14 43 T H A3 AT T2, Al AR X A
TG AR PR R B A F) = R 2y, &
WEMTHEAAEF R EE | i EEREE T I8 )
FHCHR B A BE 7, (H 2 R X L g My R4 7 3R 1 o
A BhR B 5 SR FH K R T Y J7 9 DA 32 v AR R
DKL 22 0%, & I H A B Ol B B i IE BRBE U .
RGN ] A0, S SR 2 BT A AR E I R 5T £
TR TAEIR G W O 1, 2 AL 2 S b AR AR SR
ARXS R, JE R A S e i r 2 Ak 2 45

ASHHF SR AL I S5 S T 43 B sl Ak A5 3 26 5 s, 45
FE AR ) # e R JRC , 8 3 I 52 DPPH [ Fly 5 3 BR 16
PE U B Vs BRIV P LABTS T J Bl B BRIE M O
AR ERTE B 06 R 038 It PR b AR iE 1, RS
L AW A BRI ST R IR AL B
1 MRl57HE
1.1 HR5{EE

SR T IR BT R X T 3 A R A
HESL (E Y4 F 5140 o 21.1 47.1 107 200 344
708 kDa, 4l =99% ) ZZ[FH Flu—ka 2 &) ; bR vE
e CH @80 L BR =08 | 28] 260 Bl L 212 20083 | BT Bz A0 pE L oR
A =99% ) |1 -2 —3— F K5 —nihmg ikl ( PMP) 01
PRUEAMLE A (4 =99% ) , Griess reagent 32
[ Sigma 2\ ] ; ZNE (A i%4l) K E Tedia 24 H] ;IR

EBR (k) KRR R 22 00 A BR 2 w5
G B E el

DEAE-Sepharose Fast Flow 3Z£[E GE healthcare
45 5 Aglient Elipse XDB — C18 {4, i 4+ (4.6 mm x
250 mm,5 pm) ZE[E Agilent 2\ 7] ; Shodex ohpak SB
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-804HQ FUBEN L E AIEAE H A Shodex 23 H] 5
Agilent 1260 25 %CH M (538X 96 [ Agilent 44 715
Nicolet Nexus 470 £L4MGIEAY € [E Thermo Electron
2N 3 Infinite M200 PRO bR Ffi 1 Tecan 43 &) ;
800Y =i ZWIREMHRHL  Zi 5 T 41 MR L 42 il i A FR
AN

1.2 RWHE

1.2.1  EASEAE R R SR S BOPE R 1
UL S MG Silchenko 25 B 5 o BT fF 2 WG 3% 9 1A
(200 g) FH A SRIKBEA:, B UV, 40 C HEFE T 43
72 h, AL RS BE A R, B B R R, T
A 30 fEAR BN 95% & Bk A7 i g, 4 iR T 5
24 h RN 5eEe 5 i, T 5000 r/min 5.0 20 min, i
LULIEAR S ,40 CHET, BUE R BLIES M348 R,
BN 2% CaCl, #H FHE EE S 1230 g/mL,60 °C K i
FE3 h,FE,5000 r/min B0 20 min, WA FEE R,
AT B e B A TR I R AR, R 43T 100 kDa,
TR R e i 28 AR 1710, A 4 A5 95%
oW, BEDL, 4 °C B E 1% 12 h, 5000 r/min B 0>
20 min, WERDIIERRG3 o DIFELTC/K ZEE K G , 15 5
S BHHHROHL A (SFP) (8.6 ¢) .

1.2.2 SFP 4r&4ifk  #A]H DEAE-Sepharose Fast
Flow AR 73244 (4.0 ecm x 30 c¢cm) X} SFP #4743
B alifk'® . FRHC 8.4 g SFP KE i, 4f 400 mg HEAT—IK
EAE K T 2 mL BB Tk, B (400 W,
40 kHz) fifi H 52 495 /# ,5000 r/min 25,05 10 min, g B
R, = B A A, SRA0.0.5.1.2,
3 mol/L. NaCl i W %} SFP # 17 £5 B2 Uk i, W &
0.5 mol/LYEMRZH 51, B AT BRER , W4 R T T A AL i
SRS TR BRETIR U5k, SR B8 T 3 AL TR 40
2k ,0.5 mol/L NaCl ¥R B , W B YR , i AT BR
LR, T AR 2H S A 44 SFP-2(0.97 ¢g) . £
BhalifbRy , i 2R B B B glifh, n) 2 AR S
EAYE-

1.2.3  SFP-2 4l for FHillE B TR
F2 9 4 TR E T A0 FR I 220 RE S T % 5 mg/mL
BYTEWL , >R T HPGPC Y60 5 Z M8 45 1. S AT AL
Shodex ohpak SB-804HQ (7.6 mm x 300 mm) , 782237
SCA I A AE LA , LB AH :0.1 mol/L Na, SO, , it i# :
0.5 mL/min, #£:35 °C, #EFE .20 pL, iE ] GPC
BRAF AR 22 88 43 T B 00 X B R B sk el R L, 4
AR vEE IR 2R, AR B b o il 2R 1] U5 O R T AR A Y 4
T, KR A SR iy SFP-2 Yzl

1.2.4  PAEPE ST SRAIBRRR 2R W v, LA St
bR, D OB i 5 SR Folin— vk, AR
L3825 AR o 05 AR P A A SR T S Ak
S 1% , LB 1R B0 A o v i, 00 R
SR R IS — 7 PR 3%, L e W T T A s A i, D A B
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e e T S L A, Sk A IR R 5 T 6 JEE L Ay T
1.2.5  PpELH AT SR PMP AR RTfiT AL = s ui AH ATRFINAE S PG

Ak X AL AT 0T o MERFRE 2 mg £
BERESS M1 mL 2 mol/L =4 M8, T 105 °C &4
TUKAE 6 h, KM VREZE T, BRI 2R 100 = L1,
158 SR IK ff PR & o X BROBE R v i B 5B A TR UK
R PR RE AT PMP 54, B SR 2 T 100 pL 2%
vEIK, A 100 WL 0.3 mol/L NaOH ¥ ¥ &% 120 uL
0.5 mol/Lf% PMP B By %% , 70 °C 7K 3 52 v 60 min .
S SEEE S TR A, FH AU B AR =R, R R I
R PMP k2%, B2 0.22 wm L FLUE S S
AT SO AR B S T, ik 2R C18 ik AR
(5 pm,4.6 mm x 250 mm) , #:9& 35 °C, i shAH M
BRLE AW/ 2. 15 (83:17,V/V) , i 1.0 mL/min,
L0 SR I AR A
1.2.6  £LAMNEREHT R KBr JE A b f 140400
P RE " L Ll KBr JE A M ZS L id f SFP-2 5 KBr
i S = RN = a | D= = STl O AN NI S 2 s o T Ve
Nicolet Nexus 470 £I. #h % i 4% ; 3 44 7 Bl . 400 ~
4000 cm ™',
1.2.7  PréafLsE S e
1.2.7.1 DPPH [ fB3E7EKRWE M DPPH [ i 5t 75 B
T PE 208 Shimada 26 (9773 IELAGEAZ 2 C(V,) R
BHAE X B8, ¥ 1 mL ¥ & 4 5] 2 075,.15.3.6,
12 mg/mLi¥) SFP-2 3§ AN ZE 3 mL 4 0.004% DPPH
BRI o #EGIN 30 min, F 517 nm &b RE
SEEEME, FFRIE L FARITHIHFBRR .

(%) = (1-Ayy/A,) x 100

T Ay S AR I AE & i G, Ay RN
ATF DA S (R 6 R
1.272 AT A HRTERENE: BERART
[ Fh 97 BRI P22 8 Marklund 2650 (19957, JF LA V.
R FHPEXT BE L, K 1 mL ¥R E SIS 075 1.5 .3 .6,
12 mg/mLA) SFP-2 % #K5 3 mL 0.05 mol/L Tris—
HCl 2 #pi ( pH8.2) IR 4,25 CHEE 10 min, SRJ5 M
A 200 pL T 30 mmol/L A 2HE = W VS W, 7o 401K
S1)EF 25 C R 4 min, Jil A 0.5 mL #eEh iR 2 11
SN, FF 320 nm AR AE WG EEE . 75 15 3R 4 E L
TARIE

W (%) = (1-Ayy/AL,) x 100

O Ay S S ISR IR & B TR YGRS Ay, SN
AR AL S B S'6
1.2.7.3 ABTS® [ HiR:EMIEE  ABTSY [ 3L
B9 PE 2 M8 Re 2517 19 07 vk, LIK B PE4E2E £ E
(VE) Jy B XT BR, I FEAEE B B 7.4 mmol/L [
ABTS W5 2.6 mmol/L (il MRSl F =21k 5,
BESER N 12~16 h, BOEF ERIR & W, A B B R
GG FE EFE 0.7 £0.02, B145 ABTS' T /E i o
¥4 mL TAERS 100 pL ¥ BS54 0.75 1.5 3 6,
12 mg/mL 1 SFP-2 &R A, IR #EGCHFE 5 min,
T 734 nm ZbRE W OGRE . W BRTE PR BR LR A58
A

T (%) = (1-Ayy/AL,) x 100

1.2.7.4 WAHEMRERVERRIG Y PRI E R ES
B — 25 4 (g s, LV SR BEAE XS IS IR RSV 2
. M1 mL 1 mmol/L NaNO, H i A 1 mL ¥k JE 5351
47075 .1.5 3.6 .12 mg/mL 1) SFP-2 %%, JH 1 mol/L
FIERMRIE W E A E 10 mL,37 C FIi¥H 60 min, HL
IR 1 mL, il 4 mL 2% B BR% AN 0.4 mL
Griess reagent, /1RG5 45], E1EMFH 15 min, T 520 nm
AR R ' AR IE RIS MR IR LU A

IR (% ) = (1-Ayy/AL,,) x 100

T AL S AN AR O B RGBSR
TR MR 5 G
1.2.7.5 RJEIJIGE 5 S0 2 G Dorman 45
FOTTI, LA Ve A BHPEXTRR . 40l 1 mL He B 4y
WA 0.75.1.5 .3 .6 .12 mg/ml [#) SFP-2 ¥R F N A
0.2 mol/L WyBAR £h 22 vk (pH6.6) FIT 1% Wy F 1k
PR WS 2.5 mL IR A5 3457,50 C FiEE 20 min, il
A 10% ) =5 LR # W, 15 )5 850> (6000 r/min,
10 min) JH2 2.5 mL 3 W, INA 2.5 mL 25585 F 7K Fil
0.5 mLO.1% Wy = G4 A2k %5 W, v B {1 5L 58 43 I N e
F 700 nm A RE KOG EEAE
1.3 HELE

Sy i kR vE il 28 B Il U5 5 B SR GPC 3R 4k
H PrEAL T T YE S Microsoft Office Excel 2007
AbFa
2 ZBRERH
21 SEAGEMELERSH

38 I v RACBE 5 38 A1 X 22 0B ) 2l B R AT 4
Br, a5 R 1 iR, SFP-2 7 HPGPC a3 |- B
— X BRI, W AE & FEAE 5 min DAPY, 3R BH 2k Y
ol MRSy T IR AR A ZE ( 2) dFA AT
1% ,SFP-2 ()43 F 1 &y 707.0 kDa, PRk T 53T 3%
IR 1), 2 RS2 N 669% ; EH &8N
3% . KRHBEA S ERIGHRBRIL S B R 21.2% , %
HA W R IR b 2208 ; AA I BBEEE IR , U6 AH WA 2
WHIBEIE , 3 5 AFE RS 5 AR, Hu 267 53 g
AR3) () EA A Bl RS Y B b R , B e, 3X
Tl BESE T e e K ek b K IR B AR TR 3 ) o
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= 15000
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Fig.1 HPGPC chromatography of the polysaccharide SFP-2
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Table 1  Physico—chemical analysis of SFP-2
FE iy 7> 11t (kDa) B E (%) HEHERE(%) TR AE A it (% ) BERERR & ik (% )
SFP-2 707.0 66.9 3.1 21.2 -
TE =7 SRR I
2.0 Wil ,835 em "' AbSly C—O-S AR TR S , 14
y=0.2881x+4.9651 L P 5 1) AR A W ST U, i — A8 SIE b 22 O 7L 7R 1k
s R=0.9971 ‘
- ZHE
E 2.4 GRS
g Xf SFP—2 BEAT T ARSI S AR I R I 2, A 55
os DPPH 1 th 3 G097 85 7 11 th 35 ABTS* 1 thi 353
TR ER VA B3 16 PR A S b Iy S 48 bs , 2 07 1 PR T
0o S BRI

10 11 12 13 14 15 16 17
£ B I [1] (min)
E2 SFabrifEhe
Fig.2 The standard curve of the molecular weight

FREAR M & ) 3 B (& 3) XF LR AT A, SFP-2 2245
A BN RN, &5 A D 0 T 88 B 2 B
ZJHE, Fue (5 BEE) © Gal (G ELBE) - Man ( H 82 4) ¢
GleN (22 Fa i 24 0% ) FE /R b 2494 2.50: 1.0: 0.15: 0.01,
ANEHERERR , 31X 5 AL BT S AT AHAF . SFP-2 [y BR
PHLH A Eb B Ay R, 8 DURD BB , N SrPREEIR ., X S
DU IR S S 3 AN ], 28 i 2617 N 2 A0 3 v 45 51 1)
o ONE IS 5 A LR BAE B R A EOE 20 L 2 EL
W A F A0 L B BRI B , Hu 2870 A 2495
FP AR R A4S BERE IR S A -E R bl e T
PRFIBE TR , 780 45 B IRE IR A~ ZUPHIE R o AL, AR 4
ARG R AL S BT A0, SFP-2 & — P IR bR
WL , RO AE BB o
2.3 LIAMRIES T

LA GIE AT A4 H 22088 vy LR RE AT i IR I
W ZMZH 4y SFP-2 B LT ARG AN 5 TR .
3458 em ™' kb S ZWE Y O — H fif 45 §i® 3h W i
2943 em ™' 4k S £ BE C - H ff 45 IR 3h W ik i
1645 cm ™' b Sy ZZHWEI W) TR UL IR K 43 4 e 3k
131046 om ™ 4 WIS 5 Sy 22 R B A R 2 TR b
Fri C—0-C HYfRAE PRSI G , 25 B 5% BL 2 18] 1Y) 3%
ey 2 X W AS W] S B0k b 5y 0 T A O ),
1046 cm ™" A2k 4 9 A4~ = g DRDBE 4 LU A9 AS [R] R/ A7
S AR (L 51245 g{&’;}gk%ﬁm%ﬂv S = O fHR4iR 3K

800
Man
=
g 400
0
15 25 35 45
£ B B 7] (min)

P3RBT IFE i B RO €3 ]

Fig.3 HPLC chromatogram of the standard monosaccharides
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2.4.1 DPPH H il&EIWEKRE M SFP-2 5 DPPH H
R IEIE BRIG MR AN 6 FroR , ¥ B 250 52 B0 57 AR i 14
Rifi 25 i BE 00 18 0, v BR BB 7 2K W G, 24 vk BN
12 mg/mLE] i85k 59.12% , SFP-2 7R T 447
P Bk DPPH H f3Epy vk, 2 ECy, oA 8.94 mg/mL,
V. VERRPEST BE, B M5 A0 TE s B 2L ag in v, 2
HeEE A 0.75 mg/mL B}, 15 BR 2K 93.68% , e JiF 4k £k
Fhvn G RRR L AR AR R R B i KW BRGTE. b
LS AR, SFP-2 ZARNT A 540 DPPH [ i 375 kR
7, nT AR5 1k DPPH [ 355 [ i3 . SFP-2 [
DPPH [ p 5635 5 16 7 2 F R bR bk 2% 2 145 21 1
WIS BRI EFSP, ¥ EE R 15 ¢/L if, EFSP /Y
RN 57.02% A% T P FT 45 0 Fh 2496 5248
N e P W R I

Fuc
800
Gal

-}

< 400
g

ManGlcN
0
5 15 25 35 45
£ B I [ (min)

K4 SFP-2 p SpELL s oA
Fig4 The monosaccharide composition

analysis of polysaccharide SFP-2

BA(%)

3458

L N 1245 1046
4000 3000 2000 1000
PeH(em™)

KIS ZHE SFP-2 MLLAMEE
Fig.5 IR spectrum of polysaccharide SFP-2
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100 EC5 N 9.87 mg/mL, 32 B ZWEA R 47 7Y 75 KR I i iR
> ¥ EERYEETT
80 100
& -V, 90 -
;’: 60 - SFP-2 80
& 70
a 40 < 60
20 zi; 30
#T 40
O0 0.75 1.5 3 6 12 30 T
. iﬁ{)ﬁ(mg/mL) ?g -e- SFP-2
6 DPPH [ i i b i 00 o7 15 3 5 )

Fig.6 Scavenging ability of DPPH radicals
2.42 GHEATEFIEREME  SFP-2 M AN B TIE
BRIGEPEUNE 7 Fros , BEAE 2B BRI N, I BRAE 114
5, H 2SR B N 12 mg/mL B}, 75 B 31k 54.27% , H:
ECs, 4 8.30 mg/mL, FiRZEIRIRHY],SFP-2 BAG R4
PRV B A B B i MR (EUR, TS BRI T T,
AR CEASE R 4y B A5 2 0 =Rk M4y, X =
A ZpEh Horh — ol S 90 B 1 3 BR O RS L T BH
PEXTHE Ve, 10 SFP-2 BY3EERFIBLBALT Vo
100
90
80
70
60
50
40
30
20

10
0

-V,
-s- SFP-2

B H(%

1H

0 0.75 3 6 12

1.5
)% (mg/mL)
7 BAPTE TR E
Fig.7 Scavenging ability of superoxide radicals
243 ABTS' H il FEEBRIGTE  ABTS® [ il L3 BR
WA B AL G PR AL BE T 6O E AR bR, 1K1 8 2
7N T SFP-2 Xf ABTS™ [ iy JE AT BRTG M, Bl 2 22 b
WL RIEIN , TE BRAE S Z W o, 2 Y 12 mg/mL
B, 15 5 Rk F 40.41% , H: EC,, 2l 16.04 mg/mL, £
XF T H Al Erh R R, T BR AR DR 58, H AT
IHEA —E /) ABTS" [ th 2EiEBRIG M.
100

90
80

=~ - Trolox

§ 60 - SFP-2

250

f@ 40

730
20
10

0

0 0.75 1.5 3
)% (mg/mL)
8 ABTS' [ oy 3LiE KRS M
Fig.8 Scavenging ability of ABTS" radicals
2.4.4  NVRHPRERIE BRIE T 9 WK T SFP-2 X3k
T PR R AT R M, B AR BE X 18, 37 IS 3 38 W 4
Jin, AR S 12 mg/mL B 95 R A ik 50.72% , H:

KR JE (mg/mL)

KO EAHR R T B TG 1
Fig9 Scavenging ability of nitrite
245 &R sy Al AR I ) i SR BT AR AR
KL 10 R T SFP-2 BYRERE 1. BEAE WL Y
HEhN, s Ji Ty B LG 5 R S e BE RO, W' R ik
Ko HUEEHN 12 mg/mL B, WOGEE(E A 1.49, 1V,
LHIEOCIEAE S 310, Z B L i WG AR V.,
B2 X KB SFP-2 HAA —E Rk st 1 ih vE. H
Sk SFP=2 B3 UG T T 0 AR 45 A2 A 3 v
BASR APy, R D A — P o b s
IR T BHPEXT R OV, 0 SFP-2 IR 5 V.
*H#ifg?to

=V,

-+
4

3.0
2.5
2.0

-=- SFP-2

=15
1.0
0.5
0.0

0 0.75 1.5 3 6 12
W JE (mg/mL)
10 )5
Fig.10 Reducing power

Zbl SFP-2 gty (B A AL TE 2 5 DI 9 AT
FEA AR, X T RES AR B A KB AR K
bR 2 UE A W (R Ly = W S
3 g

PRAEANRE vh i BUAS 31) 4 SOBE B, O3l 3 2l Ak 45
AT S TR 5 SFP-2 i E T
Faifg Sy i PRARPE BT BB ZH L ZL AP OIS A
LERFRW],SFP-2 2 —Fh /3 T R A SR E IR 11
CEBERPERL IR TR o 16 P e S5 R ER W], SFP-2 B
RUF P PT A IE T, HBT S I PR 52 50 e A e
B e S 1 T s 3 PR B S 58 . SFP-2 11 DPPH [
FH LI R 1 PR B AU B TIF BRVE M L ABTS " [ iy it
T BRI P S PR R W BRI P £C,, 4351k 8.94 .8.30
16.04 9.87 mg/mL, H BA —ELJERE ST . A CH
— 2B 2 AV S i R I R A 45 A AR N B 4k
W DA RS E AV E FIALH St T 2%

Sk
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