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8 1 (S, pallidum ) R 4 F #1045 1 3k
(2020 4£5 J ), BRMEbRE L (T 28 0 L 20 0%
FUE RWE A EOE AP ) A B T AR
12803 - BL-5 -k e bk i (PMP) Il § Sigma 2%
A E ) o A SROBEAR U Y (788,404 (112
47.3.11.8 #15.9 ku) g 3 Shodex 2~ 7] ( H A %
), Q-Sepharose Fast Flow fil Sepharose 4B Fast
Flow Jl§ H GE Healthcare ( ¥ # 3 3% g% 37 ) . PL
aquagel-OH # (8 um, 300 x 8 mm) I { Perkin
Elmer /A ] (£ E D54 ZEM ) . ZORBAX Eclipse
XDB-C18 @4 (5 um,4.6 x 150 mm) ) H % HE
AR (FPEALEY) o Fra HoAd R 22 2 dral
1) A A% A4 vk (MDCK) 1 A rp R B |
AL 5 A A 2 W BT 5 T 28 SR B
BRI LR HINT (A/PR8/34) iy v [ ) 2 g i
DURFERIT T A 1L

BSZ-100 H gh#ksr s a i HL-2 fHi R ( -
P PIAS ) , Fevik-TS8606 RIVE Uk T4k 4%
(181 Fevik 2Aw]), H 57 20PR-52D #Y 5 3 &5 .0
HL( B 7 Hitachi /2 5]) , ZHEAE 1260 Series 15 5L
WAH 255 ( 32 Agilent 2y #] ) , Novostar 42 4 W
W Z D REAL/ bR (56 [E BMG Labtech 2AH]) .
1.2 EEREERIRE, AL MERS BRIk R

2% WANG % 1y )y i g 8 7 4R BU
WEERME P, TR T EE 1 100
Hifi, 73 20 7k ¥ 1 ke 18 7B 20 L
TRFT B R 95% (1) & BEVEWRAE 85 °CF [Aliat 3
B4 b, DLEBRIGFOTR B Y T sk
F120 L.80 CHUKFEI 3 U, K 3 ho W firfy
FIHW, HedE , i CaCl, =IKIE D 3 mol/L,4 CAb
PR, B0 R BV BOE T R AR T, 153
ML AR 1.8 oo ML A BRI Q-
Sepharose Fast Flow & #5055, K IR A 258 17K
FIR M NaCl %59 (0.5 .1.0.1.5 2.0 mol/L)
PL3 mL/min 30880 BE DRI . AR - N ik B
Rl & i, Y8R 1.5 mol/I NaCl ¥ 45 21
EF R, i Sepharose 4B Fast Flow 41 #f— A4l
AT 2t 5 B R 532 mg, 44 4 SKO,,
1.3 FiERESTIRKE

SFO 7 60 C T~ A 0.1 mol/L TFA 4bFH 3 h,
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FHETES (Mw =5 ku) B HIEER 00 211
SEWE  WRAR IR h i 2 WEan 44 SF1, SF1L 0.2
mol/L TFA 7£ 80 °C F#t— /K% 1.5 h, I HIIF]
R E AT, W48 W b i 2 A 24
SF2, #¢J5,SF2 FH 0.5 mol/L TFA 7£ 100 °C F7K
fift 1 h U8, W4 ) 2 44 o SF3
1.4 {LFHHNE

BB A - R I E Y . R
Sl i BCA LI ERY . MR AR R
Dodgson Fl Price J5 At WS 1R & i
MR- BRI E Y
1.5 ZiEFEXSFRENNE

FHEREE 5 3 (.15 12 (HPGPC) I 3 2 4
2k BE FAH X 4>+ 2 (Mw) o 3% 4 3% ] PL
aquagel-OH 43, A 0. 2 mol/L Na,SO, % & ¥k i,
WE A 0.5 mL/min, F: 78 35 °C, # i & : Agilent
1260 755 2= 4 A 4% o
1.6 ESREAMTH

FIERPE AL = O MR (TFA) 7K i, 128
JE-3-F IS5 gk R ( PMP) 435 40 ), a1 5
RO AR 535 53 B (3% A 2 ZORBAX Eclipse
XDB-C18 #¥, i 2l #H A & BG-W 2 £k 2% b Wi
(18:82, pH =6.7), Ji# A 1 mL/min, £ 30
Co BHMRMPAH 254 nm,
1.7 £

WM 1 ~3 mg, WAHER G, 1
Nicolet Nexus 470 Thermo ¥ 2§ £7 21 #p Y6 1% 43
Hro
1.8 “C NMR #Z#E5H

AL 24 20 mg WS f#AE D, O fr, ] JNM-
ECP 600 Yt & ¢ NMR & 3%, I 5 76 5
25 °C, fA-d6 FAYEPIR T .
1.9 HmBRRRFEEEENE

300 38 240 B 5 728 AN a5 A T e SRkt
FRE O 75 (HINLD) p s 36 12 o 1% 96
FLAR T ) MDCK 41 g K Bl 52 )5, 5 0 8 2
HINI(A/PR8/34)7E37 C TFIEHE 1 h, EBWTE
Wi B P 2 B 55 5 B B A Tl MR B 2 B SR b
(e B 75 5L ( RPMI-1640 ,4 pe/mL [ 2R 11 )
oL TE 37 CRIEE 48 h i 4] 100 pL 4%
T 2 I 1 [T 20 min, KBRS, 40 i
0. 1% %5 5 45, 30 min, PEGAR T4, JF7E 570
nm KIS FL B 45 i EE G (B 5R EE . 50% 41 i

FLES
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Pt R A e BE o ) B =5 A g P X TR
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KR ORI R, % 5 A, 9 G HINI
AT 20, 2 Bl R T AR AL B A, R IE
AN, RIS HINT i B LA S 220 sl A1) B2
MR A L A IEGE HINT 35 A9 40, R 2 A
B pRAL T

2 HER51he

2.1 BETFEZENDE IKBEMLFHER
RIEIE 1 s 3RO %  6 TIRE 1

TARAVRRE

Dry and milled seaweed

85 °C, 95% Z. B it i

i
Defatted dry powder

B S RG , 28 5 UK $R I, J@at CaCl, JiT
TE LR BT S B E B R, S T2
FAEENTRG AN 254 , 38 5 B B8 528 46 € 33 Fh 5
TS ARATF 1 — Z 0 SFO (8] 2) , #HXT 43 F o i
9 628. 1 ku, SFO ffb2# o angk 1 i, Hoai
Mg 5L 1A & o OB R & = o 0 o 15.8% A
10. 5%  MELH S AT B, SFO & —F A ZR )
BB, E3 A Man GlcA [Gle,Gal Xyl 1 Fuc 44
i, B IR & H 4 B h 10, 8% 8. 3% (3. 0%
21.1% \21.2% 1 35. 6% , XSzt F L0 X Fh
K B T RN A R S IR 2
5 OM R 19 M 556 AT 2 8 1) 35 SRO0 , 45 R B m

ko

Extracted with 95% ethanol 85 C

l 80 CHKIREL
/ wcted with hot water 80 C
ULvE o |
Residue Supernatant
HncaCl, B
/ Precipitate with CaCl,
N, AR
ﬂ,ﬁ Crude fucoidan
Residue
idQ-Sepharose Fast Flowk:#lSepharose 4BkE:
Q-Sepharose Fast Flow column & Sepharose 4B column
_ A BN
Purified fucoidan (SF0)
/ N‘l wol/L TFA 60 C
Jriin R4 (SF1)
rate Concentrate (SF1)
HHIE (Mw=5 ku) .
Ultrafiltration — / N‘Z mol/L TFA 80 C
Filtrate Concentrate (SF2)
/ w‘mol/L TFA 100 'C
I WRGTH (SF3)
L Filtrate Concentrate (SF3)

1 BETHEERENNRERSBAR

Fig.1 Extraction and isolation scheme of fucoidans from S. pallidum
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(a) Q-Sepharose Fast FlowlEfi
Separation by a Q-Sepharose Fast Flow

0 Tube Number

(b) Sepharose 4B Fast FlowdtHi
Separation by a Sepharose 4B Fast Flow

2 SFO EALE
Fig.2 Purification of SF(

Rt SR 1 TR B A 3 A0 TR K il v %
HEEATIRA D HT . B TR [E TFA B2 7K
fiE I Z MR E AR (R 1) o i R B,
SFO %] SF3 4 T M 628. 1 ku [&{% %] 10. 7 ku,
TS5 B, L SFO % SF3, Fue Xyl , Gle
Fl Gal 1) it W P FH/, Man Fl GleA 1y
B4 10. 7% Fi1 8. 3% i & 16 hn %] 50. 1% il
44.9% . 53 KRG, SF3 FE i Man F1 GlcA

AR, B2k 121, BeAk, Bl TEA ¥ B2 () 3
T, B R L A1 7 2 B 2 AR AL, AR 1R 7 it 44
T X EEZERZLEH SFO (4% .00 B Man Fll GleA 4
B, X 5 AT Z i B A5 — B, B b ES-CID-
MS/MS #ffj i i 46 TFA #8453 7K A e ) I SR = 22
H1 Fuc Xyl Gal FIBERARALR™ . X sbgi ik
B Fuc Xyl Gal EZAFLET SFO 25491 4y 3,
FEXF TEA S R

®1 BETERERBENULZER

Tab.1 Chemical composition of fucoidans from S. pallidum

58 AR R

FAXFrF B Y, Ratio and composition of monosaccharides /%

SO 70.5 3.2 15.8 0.5 628.1  10.7 84 3.0 2.1 2.2 356
SF1 70.0 2.5 12.9 14.6 441.2 16.0 12.7 4.1 28.3 18.4 20.5
SF2 68.1 - 10.5 21.4 51.3 44.3 33.9 1.1 19.8 0.9 -
SF3 61.4 - 9.9 28.7 10.7 50.1 44.9 - 5.0 - -

2.2 IhME

X 4 Fps s FT-IR SEig an &l 3 frm. g

3453.6 cm™'.2953.9 em ' HI 1 036.4 cm AN E

R SRR AR I XS R TR 60 O-H LG C- 2

H R C-0-C. 1258.0 cm ™' 813.6 em ™' ik §

(1% 5 IR A Xof o7 B R R 1) O = S = O Al C-0-S (1Y fj

25 IR S , X UE S 2 T AR B AR S ®

1258.0 em ™' A WE SCH B 5 B AR AL, SO T X 4

T i SR h R R R AR X & AR b 3 4000 3000 2 000 1000 400

2.3 NMR i

R T HE— B SFO fRE AN ZE R, B 4 45 1
T % 4 AR U C-NMR %, 7E SFO (1 53k
BRI, (5 5 0 T & Bk LR B, 76 5 174.2
18 15.6 4biy 2 ASB A5 5 0] Loy 5 E & T 45
EPWHIE IR (19-COOH. Fl5 MR 1Y-CH, o 223 343
PRk it 5 15 %) SF3 19" C-NMR 3%, {5 50 2>, &
TEAAXT HL A3 b, H 4 SFO AT SF3 f P C-NMR
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W Wavenumber/cm™

B3 BEFEERENFI-IRE
Fig.3 FT-IR spectra of

fucoidans from S. pallidum

Sk & B, SF3 19 C-NMR Y63 8 15. 64b A 1%,
ULHH SF3 HORTEAE 2 BEbE . AR 40 22 T 9 STk,
5 103.8F18 102. 1 fy{52J& F B-1,3,4-GlcA Fl
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B-1,4-GleA™*) i § 100. 8 F18 99.2 (kS
%Uua)%a: Ot-l ’293_Man ﬂ] 0(-1 ,2_Mano

0 5%
Do
o SSN
A e
SF2
Vi
SF1
15.6
SFO
200 180 160 140 120 100 80 60 40 20 ppm

4 BETHEREN "CNMR i
Fig.4 "“C-NMR spectra of
fucoidans from S. pallidum

GG U B A5 R R ok Bl E Y
HAHEWMAABRELMN o-l,2-Manp fl B-1,4-
GleAp H A AZ O 454, 43 ST Man 1 €3 Al
GleA fy C3 Ak #53e h AN 2 vh Z ijdL &
BT XA RS R kA
BERMERY-[ GleA-Man | -F 42 — Wi B 284540 5 13
B BiR- [ GleA-GleNAc ] -5 &2 — W8 1 5 ZE 45 44 AH
s
2.4 RRRERSIEE

50" I, S [R) A 5 T SR M 1R T
RSN BA T Iz BT s 06 vE, HLA0 KB 5L
o S WSRO (0470 9 B 1% P AL A 2 00 ) o 7
BEE A i 5 75 1) 5 M AT ok B 4 400 o s
B 52 T I AR 56 TR AR o P e i T A

AR JEL AT o 1 2F A 200 2 5 R R TR 1Y
KRG B, R ZH I 7 A e 7 IR
P15 200 2 T 1Y) 32 2 A O A A A e R AR LA
FGAREE A ML B IR £ 16T 2% A 4 A i |
) —FhE IR L 208, 2 5 29 5 (Al
AN SR S AN SR YR AN S
g 75 . HIV-1 . BLE 00 5 5 58 ) 1Y 90 2% 20 M 45
AP HUEERE LA BRI A AR TR S A, HL
AR T BRIR £ WEI 2= A HL T o 3X 265 17 H 4
HREMIAT LS R R T A A5 5, T A IR
AR5 A0 3R T8 A2 AR A AR ELAE T, DA T BEL T
FCZRE . eAh  ARX 437 Jo i 0 22 0 A B 1 [A)
FERARIFE , 431t 3ok 52 el 2248 155 T 0 i &l
Gt NERIE G PESE R Y o A RIS R B

AT BRI R HE I IS, o 1 B [T 3 1) AL PR
AR TOR R E I R Y o 25 LTk,
BER BB HE AT R XS 1 PR BE R A S
2 U R 1

4 FlIEE TR IR Y e R B A T HINT i 75
IEPEILER 2, RSB A TR ST 7505 1R A B, 7E 250
pg/mL (A EE T, B P34 70 108 B0, S
EWERHUR SR, Kb, P TR
10.7 ku f*) SF3 7E 250 we/mL ¥R B2 1 50 R
Ilf 105 266. 2 pg/mLo KU LG PEAR T A
LAk, (E p T AR A0 2 e, X o e i SR M AT
HAWBTEMPUR R, 451K, F 15
XHEFE T BERBE R PT HINT G 8E T PR A R
M, PR b 2 W e A o L0 2 5 P A A R
o

R2 BETEERENT HINL FEEHE
Tab.2 Anti-HINI1 virus activity of
fucoidans from S. pallidum

o 50%
Bfh L % s
) Concentration/ e
Sample (ug/mL) Inhibition rate/% IC5o/
(pg/mL)
SFO 250 17.3 £0.16 529.4
SF1 250 22.6 +£0.13 445.4
Sk2 250 33.5+0.21 311.0
SF3 250 42.3 +£0.11 266.2
FI Ak 250 85.0+0.08 24.6
3 4t

AWFFE TN 8 o g —Fh T
R 628. 1 ku YRR LA BER B, v 44 4 SKO,
FFIE T HOME S BT 4 BR K i FT-IR A1 NMR X}
L2 R R A UE AT R AE, SFO B A o-D-1, 2-
Manp il B-D-1,4-GleAp WUHH 5 & 24 0 41 )8 10 1
20 7E Man 1) C3 1 GleA 1y C3 b A3, N T
PEAS FLHT H A CHINT ) 95 3 35 1, 120 3 2R
Wil 8 0 &8 03 IR K e it — 25 4y 3 AN 4y
SF1 SF2 1 SF3, 255 IR, Ir 43 3 26 2 iR i)
il 7 MDCK 4ififg i) HINT S #: &2 fil . Hovp, A%
G SF3 LU RGBSR E A A 1T
Pho XWID R A SRR BT HINL J5iG e S
R R AR e S

Sk
(1] fLwd, RAE, MKkS, 5. W T2 Ak &
PEPEOR S B [T ], RIE W R 24 24, 2022, 37
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Structural characteristic of fucoidans from Sargassum pallidum and their
anti-influenza virus activities

XUE Wei', LI Lingcui', QI Mingxing', WU Wenhui', CHI Lianli’, WANG Peipei'”
(1. College of Food Sciences and Technology, Shanghai Ocean University, Shanghai 201306, China; 2. Shandong Provincial
Key Laboratory of Glycochemical Biology, Shandong University, Qingdao 266200 ,Shandong,China)

Abstract; A sulfated fucoidan named as SFO, was isolated from Sargassum pallidum with hot water extraction
and further purified by a strong anion exchange column and a gel filtration column. SFO was further
fractionated into three fractions SF1, SF2 and SF3 by stepwise partial acid hydrolysis. The content of sulfated
group and molecular weight were decreased from SFO to SF3. The structural features and anti-influenza A
(HIN1) virus activities of all these fractions were determined. Results showed that SFO was a homogeneous
polysaccharide with a large molecular weight of 628. 1 ku. It was mainly composed of mannose, glucuronic
acid, glucose, galactose, xylose and fucose, in the molar ratio of 10.8:8.3:3.0:21.1:21.2:35.6, SFO has
a backbone composed of a-D-1,2-Manp and B-D-1,4-GlcAp disaccharide repeat unit. The anti-influenza A
(HIN1) virus assay showed that all these fractions inhibited HINI virus replication in MDCK cells.
Moreover, the fraction SF3 with the low molecular weight had better activity than original fraction. It
suggested that the anti-HINI virus activity of fucoidan was related to its fine structure and molecular weight.

Key words: fucoidan; structure; anti-HIN1 virus; Sargassum pallidum
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