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1.1 BEHREBSENRRNESRAN

VAT L R 22 LM SR T K AR BBURN 43 B LAY
Jrid 4 . BUBER FH Sepharose FF B8 752
#u#E ( Amersham Parmacia Biotech Co. ) #E477342%
gfifk, 4 M 7K . 1.0 mol/L NaCl Fl 2. 0 mol/L
NaCl #4738 i, 1453 2K 414> F-A (1. 0 mol/L
NaCl) Fl 20 4 F-B(2.0 mol/L NaCl) ,
1.2 B/KBEFHERDFETTRSE

¥ F-A #l F-B 4 9] % % 76 0. 01 mol/L
H, SO, it /% 3% V5,80 C/Kf# 1.5 h, KB4
FIFHE R /T4 15 F1 6 ku BB I8 (K HE
RELAFRBHEABR AR 47 UG 7KfF F-A 41
Sy KRR F-AL(4r T /0 F 6 ku) fil F-A2 (43
TRYEEN 6 ~15 ku) . /Kff F-B /K fit {55 F-B1
(S FE/NTF 6 ku) (F-B2 (4 FHUEH 6 ~ 15
ku) ,/INF 6 ku B4 HIEK B 40 5 100 [0
BraSK BN SR 5 A5 MR 48 AR T
1.3 BHESUEHSESFEESERRSE"

I 4.50 g M B IR Z W HLEE 5 0.36 g Cu
(AC), - H,O —i2¥%F 67.5 mL Z&H K, HK
VIS 60 C R FFIEIE ., SR 1L 0.9 mL/min
BN 4. 5% H, O, 17 RE Mg I, 5 h J5 5
1EMA H,0, . fil A Chelex 100 #5444 iig b 25 5%
BRI Cu* o B MR B FH AR 20 F O 10 ku
CREBER A FIRHE A RA R A1 2.5 ku(
GE Z~a)) (B I8 B U , 43 A3 P o F i 4l

4y Fa2 (4 & 2.5 ~10 ku) fil Fal (4 +&
INTF 2.5 ku), /NF 2.5 ku WA 70 T8
100 WENTLKENTEER SRS & A - W4 R 1o
1.4 EBREFHERI FEEERK

TEFI AR P4 B IR 0 (5 B i e A LT 4
77, R A EL G 25 S VMR ( Chlorostoma rustica)
(7 By R )T SR AR ) Hh R IR At Ak ) 48 S S 2R A
AR e R R G A 7 T , TR PR R0 o3t AP -
10 6 A1 ku RIS TS, 7350152 3 4
RO TR EIH 2 AL (T H/NT 1 ku) (A2
(/I FREE 1 ~6 ku) f1 A3 (4> FHIEREHN 6 ~ 10
ku) o /T 1 ku Y HTECEH 201804 100 AYZEHTAR
AKBEATEER SR A WAR R T o
1.5 ZHEEEPEFEBAE(O, - )KIERIER

R = W — R R I
1.6 ZHEXNFEEBHE( - OH)FRIEAR

RAPUIR MR - Cu*" - B RIR W - Bk
W - H,O, &R " 5E,

1.7 BBESHENS FERLZFAERSH

G35 2R JH e RO R HE BHL €23 7 (HPSEC)
WE. w& o F 4 F-A M FB i Al TSK
G4000PWXL 34 ( H 4~ TOSOH) 43 #r. 4+
HAL T 15 ku @R 70 7 & 4 70 Rl TSK
G3000PWXL %4+ ( H A< TOSOH) 43 ¥t -

Tt PR R 25 12 I 7 R AR RN — WIS o ik
2L BGRB8 2 R I 7 26 ) SRME L 1 0
W TR 2 0 SR R b 3%
2SR5
2.1 BEMEBSERBKBENEREBER
;007 A

K Q-Sepharose FF B 1S4 X i A R
AR IEAT 73 R alifl, AT LAAS B P RR R 73 7
TR Z 0% F-A fil F-B, LAk I F-B IR
MR ik 33.5% , & F-A 417319 2 f%5. {H & F-B
AOBETEIR & it L F-A R (R 1) o PR a4l
Hh VR B ER 20 T2 DL A AR L L
PR B R BRI R 3 il i iR 2
B A2 BRI A 2 AL S R 5 I AR AL
A B 5 F-B LERRK o B AR 1 342 L
™ PR B B A3 1 5 2H 40 B B R AR LG S
WA o SR HVBOAR (0 3i5 23 A HL ok e B RR K ik A
BRI TR 30 A RBORT 2, B4 0 A
B, 3 T A R
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x1 BHERERSHEF-AMF-BREBRKE=MHLFEERMLE
Tab.1 The chemical composition of F-A,F-B and their acid hydrolysates
a1 R (%) BRI S B (% ) B4 i (% ) neutral sugar composition
fraction sulfate ester glucuronic acid RN R e W
fucose galactose mannose glucose
F-A 16.5 21.8 52.9 7.7 9.1 17.8
F-Al 15.8 20.1 50.4 10.8 10.5 14.8
F-A2 16.2 20.4 51.4 8.5 11.4 17.5
F-B 33.5 8.9 62.5 24.5 3.8 6.2
F-B1 28.7 7.8 59.2 26.1 - 3.5
F-B2 30.5 8.9 61.5 25.5 2.4 5.4
e = DV @I I R, SUR @il b B A I B AR 100% .
Notes; * calculated from gas chromatography , taking total area of peak as 100% .
BRI S AR A BT AW A(0; ) S
FrEk B FIE 2 4513 R F-A il E-B S 8 L +FsB
HRKSBIIE TR 05 - M2 %ot £2f,
P LR — i 0 ) ol 65 B2E |
FAFHEXTIR, BFIE KB, iRk A TR iR % §°5
B F-A I F-B X OF - ELAT— i MR AR, IC,, = 0P
Ayl R 0. 43 i1 0. 53 mg/mL, 7% 4 5 HL K AH i 0™ 001 02 03 04 05 06 07 08

(0.54 mg/mL) , F-B B9 fii FR AL % 2 42 F-A 11 2
%, F-B IR IR % & L F-A A, 0 B 4B
BTITEMEL F-A IR, 1 nJRIE R F-A TR
KIFVAG A3 2] F-A2 4145 (43 F i 6 ~ 15 ku) )
ERIETE I 55 T F-A FILIK, IC,, /& 0. 26 mg/
mL, KATHIERA S F-B Kt Is A %51
EER4l4y F-BL i1 F-B2 Xt O, - AU ERAE R M
WNRE, TR 0. 75 mg/mL I ] 5 H AT 28. 8% FiI
40.6% , W AR T A 43 7 = AL 41 2 F-Al i
F-A2( [ 2) . UiHABRIRAR IR ) & %) O, -
R BRAE I SE IR AR K, AR /o B 1 AR 2 43 % O -
HE PR TG PE B —2t

90 —<—JJLik carnosine
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—a—F-A2

75
60
45

30 r _ :

15
01 02 03 04 05 06 07 08
WK / (mg/mL)
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inhibition of
chemiluminescence

LRI 1 %

0

1 F-A REBKBEINESFEALAS
X 0; - HiBRiEE
Fig.1 The scavenging activities of F-A and its

acid hydrolysates on superoxide anion

WEE / (mg/mL)

concentration

E2 F-BRHEBKBEGINRS FEAS
X O, - HEREME
Fig.2 The scavenging activities of F-B and its

acid hydrolysates on superoxide anion

BB S A AR A WA ( - OH) 9 iF Tk
& B3 FIE 4 3R F-A il F-B KO R/K i
BN REd srx - OH BTHERVE] . iR
R, F-A TR - OH 15 % [ F-B 15 —4&, IC,,
Ay 51°A 0,60 F10. 85 mg/mL, {H 2 W& 15k - OH
AR PR BAR T LR (IC,, 25 0.1 mg/mL) .
K3 AT LA R A 5 F-A K Al 15 2 A 1%
Sr ) F-Al (F-A2 X} - OH f — & G BRI
PEEH R 78 6 ~ 15 ku 2 47 1 41 /) F-A2
(ICy, 2y 0.3 mg/mL) WV BR TG EH] 8% T F-A
(1C,,40.60 mg/mL) il F-A1 (IC,, 4 0. 92 mg/
mL) ., f1/E 4 kB, F-B K5 A ik sy 1
#H7; F-B1 Al F-B2 X} - OH Vg BRVE I B W 1
W, 76 1. 25 mg/mL B4 1 R 0 A 7. 9%
26.5% , W AL T HHIE) 73 7 5 KA ZH 70 F-AL il
F-A2, UG RR AR FIBHIEE B2 1 5 X - OH i
BRI AR K, AR = W I R 40 70 % -+ OHL 1Y
THERTE MR 4F—2k
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Fig.3 The scavenging activities of F-A and its
acid hydrolysates on hydroxyl radical
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BEw

RET w0
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Fig.4 The scavenging activities of F-B and its
acid hydrolysates on hydroxyl radical

2.2 RAFESERKERBAEFREMAR

Kl 5 R 6 Sk e ™= 1) AL (A2 il A3
Xf O, -l - OH H HILMTERREE S . AR,
oy 7AW RTERR Oy - T IERESr T A%
i m. R FEBER AL (S FRE/NT1
ku) A2(/rFH 1 ~6 ku)Xf O, - H HETHR
PSR, IC,, o 8 118 pg/mL, % M4l T Ve
(20 pg/mL) WLAKFIBR IR Z 0. 43 F 5 6 ku L)
IR Gr S PR AR A, 5 UURK S PR AR B (A
5) o TP Al A2 Fil A3 Xf - OH #YiE
FriGitES O, - BUMEAARI(IE 6) 43 F i/ T 1
FL ~6 ku I T 14 38 e M die = , 1G5, 49 )
910 F126 pg/mL, K7 T EEIER O, -
- OH {51 33 T B R 22 40 , Ul ) W st I 72
AT TG YRR S TR 2 0 .
2.3 BEMBRSEEHERBESFYNLEAR
REREEHENTESE

S R U B R S A SO AR

concentration

B S5 #WRKEHEEY 0, - MiBkRiEYE
Fig.5 The scavenging activities of enzymatic

hydrolysates of alginate on superoxide anion

——Al & A3
-2 A2 —o—JJlfik carnosine

. 100
S g 9¢F
S S 80Ff
258 )
ﬁﬁe,gg 60 |
BEE 50r
S’MEE 40 +

EE 30}
Eilg % 20 L
= 10
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WBE / (ug/mL)
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E 6 #EEEEE YT - OH KiBRIiE N
Fig.6 The scavenging activities of enzymatic

hydrolysates of alginate on hydroxyl radical

(1 Bl T LA OB S TR . B
MRS T2 Fal A Fa2 (9WE(H 4Tk 5
1A T ku, 11 LRSS 04005 B0 1.1
L7 4 AR SR (7). %2 % 4.5% H,
O, Wt 45 B 1 22 PR IH 75 31 1) 10643 Tt 143
Fal 7l Fa2 k24 i1 o, BBV (143 -k 7
Ku ff0 201 4y Fa2 ML A 3 9B 4 fit i 51
35.5% M 65. 2% , K 85 1545 B 2 2 Wi HLH
(25% ) RIBAKSIAR S IO T4 B0 1 fh 3
UL WA 0 2 BT L 15 51075 B 2 S
6> TG 2B 17 B0 E . i
SR SR A RLAREG, W4 T 0 1 K
F9SL4 Fal HYBERRAR Bt AT 17. 8% L 340 Fal
1 e AL/ B LB AR
Sk 22 1% T2 1 AR A 4% 440 0
WA R 4 T SW) R JE BG40 T 1 ku f9 4L
S HBERE G fr R WRAEG , V00 A el o P
i 1 LA R R L B 1
S BRRR BN ZE (1 1 A R LS 45 2058 19
P S5 BRI ARk , 0 HOR S SO0 o 0 1 . 1
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T, 22w T O, US> T 7 ku 4L
EWHE T RIAF) 65.2% o BRI, H B R AR
PRI AR S0 1 10 5 SRR L 1A I 114 A R AR
15, R R R U A e SRR T B R
WA —RE R

K] 8 Syttt B R 2 FE L S A e 2 S TR
fifp =R Oy« A RO IR A FU B . HLARE
Zeid A i EFE AR 2 A E D TR0 T ku (95
Bt e B 2 00 Fb2 LT85k T iRk Oy « Ml
P, 18 1 ku f9415) Fa2 35 ER O, -« AYI5E
SRR AL, IC,, 04 0.55 mg/mL. B2 H
22 R AR i A 0 ) L s o AR 2 R AR B
F H AR, DR AN B TS BR A 2R i6

ZPUIRIMIR - Cu*" - B BRI - B oK
— H, O, 1R R 526 e B, K731 14 B SR W Bt I i
2 Cu®" —H,O, 7 1 1y SR it LA L 455
f 5 B 414y Fal 1 Fa2 X34 i - OH 1
{EE o U] B R B FR RV B - OH A i & 110

PLEE AT Rl i 45 B e SN FE A H 5, T
B D B i

nRIU
160 000

140 000 1
120 000
100 000
80 000
60 000
40 000
20 000

12.112

30
19.416 20.119
NN

010I ll2 1I4 116 18 20 2I2
BFE] / min  time
7 BEMBRSEAERAERERBRNT
10 ku FIER S B S iR A B IE S AT
Fig.7 HPLC analysis of sulfated polysaccharides
with molecular weight below 10 ku obtained by
radical process degradation of crude sulfated

polysaccharide from L. japonica

%2 RASHEQUEBTEH®RSWEHNESTFRAS Fal 7 Fa2 ML 2RI

Tab.2 The chemical composition of Fal and Fa2 obtained by radical process degradation

R M & B neutral sugar composition

414y TR & i R A —— e —— —
fraction sulfate ester glucuronic acid B AL e LKL
fucose galactose mannose gluctose
Bk crude fraction 22.9 22.1
Fal 17.8 3.95 50.4 13.1 24.8 6.4
Fa2 35.5 8.15 65.2 26.2 3.8 1.5

e = DU @I g R, UM @il b A R9I40 B TR 100%

Notes; * calculated from gas chromatography , taking total area of peak as 100% .

751 =¥ crude fracfion

IS8 3 —4—Fal

>~ 2 60} -Fa2

ﬁ“s 8 =LK carnosine
Eclus

$EE

®EE Y

»EE

N 5 15+

(_)‘.lu(_)‘.2 ()’53 ()I.4u()l.5 0’:.\6 0’.7“0‘.8 0‘.9
WEE / (mg/mL)
concentration
8 BEMBISIEHEERERESLEREIHN
484> Fal 70 Fa2 X B AR S FHIBRF
Fig.8 The scavenging activities on superoxide anion of
crude sulfated polysaccharides and Fal and Fa2 by

radical process degradation

3 g

R IE T3l g 1T PR R > T IR 2

B, R BLE IRy F-B BRAR S i L F-A w5 1
L EEME R bR A B B EE E A Z
PPN R NICEZ R VR RN
P 3 S AR R , DR AR XA 8 HLY B 1y i
A RIOR AR A AL . AT ST R F R A Ak 1)
TEAG A R B AR 1) 28 73 1R AT AR, ol 4 AN TR) 20
TR AR 5 8 1A 23 1R W B IR 2, adl o
AR I3 T WL 2 S WK e it = ) O 3 B
FEIE H b BN B B T A R R TE
B AR 7> WK A3 2 ) 701480 6 ~ 15 ku
9 F-A 2 BPTEEiEthm TR TR 40 F-A
1 F-B , Y I 70 15 R 22 W 114 L S AR 3 1R AL
TR FRA . B TR TR
PR ZAH G S B, AV 23 1A P 2 W O P AR
Thids, T BR E TR R 2R R, BRI
Oy HBR 2 DT B AL TS TR AR G, B R AR
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AW FT R IR B K A7 I 15 2] A o1 5o B e T
3% 11 P 25 1 35 P P 5 T A D 23 - ) TS R R
Zo M, T LA B 1) 4 5 IR, 30 1 B A, i
VHIETR 25 2y 5 A B pR SR A AL R, DTS B ) |l
B WES R SRR SRS T g R —
FLR R B IR 22 W AR A 0 P R T T 7 R R
5, R A B D TR R
R R MRS 5 X S B IR ol RS A TR
KAYFZMm

R TR Z 0 BR B i SR T AL,
AR B 5 f AR SO A R R A
FEXT VT B R 22 W RELHE L A 7 AL R A, 2 3
TR AR = 000 53 S 53 AT FIAL S AR S K il ™
Ve AN SR A B A AR R T B IR 2 b
DR AT LA 2 0 Al 9 I 4 1 R 4l 4y, Hodb 4y
i 1 ku YA B ERAR & S AR, o 1
7 ku [ P SRR R R ) Bt TR AR 5 5 RN e
1 35.5% F1 65. 2% , KK = T BB AR /K fft 7
Yy, 455 5 NARDELLA 2" [ fiF 5% 45 S AR A
oL, SR I BE PR ET 4 R A H VK58 1T Ko i nt
I RE IR R 73 F-2(43 15 100 ku) F1 5
SEE R (4T 7.8 ku) BANIA], RH F-
2 A7 R o W T T Y R 5 A 15 o B . 7E Cu-
H,0,(9% ) ;=4 1) B 1 JE S8 AR ff I, AR = A
BRI R B K B AR 1, T 5 2 e AN A 1R
HREAIFB AT 00 & AR AR A BRI R AT THE T B
P 22 R i e B I 22 WAt R PP IR o 1 W R 1Y
BRI 7 W L R, T o SO R R AR
BB 53 AN T 45 e i, m LA 2] 1 B v o e R i
B o5 B B, 1 HL = W HoRE I R ARG

WS S R A = 0 B35 B Al 6 M &
B, b e R S E A TR A B R Rk
H R4 AL, S B B B SRS PEARAG, 2 R T
AALTEYE . HJE A SRS 20 7 & 1 ku
F R ik e BT SR AT — 8 BT Bt S B B8 1 B
FERTE M, M2 R B HIL T A S AR
R AR o B I, T H s WA U 5 s, Ui
H B3R 2 2 8 H S50 1 2L AN A 20T 1)
BEE B AL T BT, DTS = Fobl DO BE b B A T
K, TR 2 SRR T B B 7 B A AV E AR/ o

LI ER R AT 2P AA TR TE A S
O TR MG RAR & A O IR 35 A
i LS R I 4SO Z BRI BT R AT PR AR A R
Wi o FATHEWT A oh 5 Vs 2208 SO i ML AT fE
TR SRR BE L ORI IR T e AL R i
SR PRI G L H S |~ U R T B
BREEF BT , T A B R 2 B it , T B RR 2
BT R B e AR R AN S R Al R
PRI AS 5 5 e R
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The scavenging activities and mechanism on oxygen free radicals of
polysaccharides from Laminaria japonica

ZHAO Xue, DONG Shi-zhu, SUN Li-ping, LI Fang, LI Ba-fang”
(College of Food Science and Technology ,Ocean University of China ,Qingdao 266003, China )

Abstract; The molecular weights,chemical compositions and scavenging activities on oxygen free radicals of
various sulfated polysaccharides and alginate from Laminaria japonica were compared to make clear the
structure-activity relationship and mechanism of antioxidant activities of polysaccharides on oxygen free
radicals. The results showed that low sulfated fraction F-A2,with a peak-molecular weight( Mp) of 6 —15 ku
exhibited a very strong antioxidant activity on superoxide and hydroxyl radicals,however, the highly sulfated
fractions with Mp below 15 ku had vere low antioxidant activity. The low molecular weight alginate
especially fraction with molecular weight below 1 ku obtained by enzymatic hydrolysis had higher
scavenging activity than sulfated polysaccharides from L. japonica. These results indicated sulfate group of
low molecular weight sulfated polysaccharide seems a dimensional block for the reaction with oxygen
radicals,, while glucuronic acid content contributes much to the scavenging activities of polysaccharides on
oxygen free radicals. The chemical properties and scavenging activities of sulfated polysaccharide fractions
Fal (Mp 8 ku) and Fa2 (1 ku) obtained by hydroxyl radical process degradation of crude sulfated
polysaccharide showed that hydroxyl radical process mainly degraded the ascopyllan-like species rich in
glucuronic acid, mannose and glucose, while fraction rich in sulfated L-fucose remained unchanged. These
results suggest that antioxidant activity of sulfated polysaccharides is apparently related not only to molecular
weight and sulfated ester content, as previously determined, but also to the glucuronic acid, fucose contents
and neutral sugars in polysaccharides chain.
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