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Dried brown seaweeds
Refluxed 4times with 85% (V/V)methanol for 2hrs
[ |
Residue Filtrate
Extracted 3times with d-HCI(pH 2.0} at 65C for 1hr
Filterated through gauze and filter paper
Filtrate
Neutralized with NaOH scln.
Concentrated to 1L
Precipitated with CaCl,
Centrifuged at 3,000g x 10min.

| |
Supernatant

Precipitate

Dialyzed against water
Precipitated with ethanol
(3vol.)

Centrifuged at 10,000g X
10min.

Précipitate Super}natant
Lyophilized

Dissolved in water(1 %)

Precipitated with 5% cethylpyridium chloride
Centnfuged at 3,000g X 10min.

Pr‘ecipitate Superrllatant
(CP-Acidic polysaccharide complex)
Dissolved in 3M CaCl, at 37°C for 48hrs
Precipitated with ethanol(3vol.)
Centrifuged at 10,000g X 10min.

|
Supernatant

Precipitate
Dissolved in water
Dialyzed against distilled water

Lyophilized

Partially purified fucoidan

Fig.l. Preparation procedure of partially puri-
fied fucoidans from dried brown algae.

3. Fucoidan®] AA)

DEAE-Sephadex A-25 Z¥ (20mm X 700mm)
g o] g3l P& A fucoidang 233 T 2zt
A5 F8 RS v 4F 28 FAYeE 4
A3+ v} (Nishino %, 1991).

4. AA) Fucoidane) 7+%3 E4

4.1 Methanolysis @ methylation

AA fucoidan®] F4t7] AR BAZ S
Nishino5(1991)2] 8hHe| ule} methanolysis3}
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Purified fucoidans(A)

Methanolysis

Sephadex G-25
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High-mol.wt.fraction Low-mol.wt.fraction

DEAE-Sephadex A-25(Clform) AG 1x8(AcO~ form)
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Fig.2. Fractionation of purifided fucoidans by

methanolysis.
4.2 AA Fucoidan®] FT-IR(Fourier Trans-
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Table 1. Yields of crude fucoidans and partially

purified fucoidans extracted from

brown seaweeds® ®

Species Crude fucoidan Partially purified fucoidan

% of brown % of brown % of crude

seaweed seaweed fucoidan
Lreligiosa 4.76 2.71 56.93
Upinnatifida 1¢ 173 0.40 23.19
U.pinnatifida 1* 1275  6.65 52.16
H fursiforme 4.85 251 52.29
S.fulvellum 4.33 156 36.13

a Mean of triplicate experiments
b Dry weight basis

¢ Blade of U. pinnatifida

d Sporophylls of U.pinnatifida

1.2 3344 Fucoidane] A&

FEAA fucoidan®] TAHAFEL T 2% T
Fucoidan®] #8 EAJQl sulfate?] gaFo] TiA|m}
32.63%, W] ¥ 32.45%, ¥ 25.44%, BA}
2049% o7 1 3ol =9ko™, uronic acid
o] gge mAWE 17.84%, ¥ 12.27%, thAlet
10.28%, 99 ¥A 7.21% oIt

7122 AA fucoidan®] ZAo] B3I RUF=
G 4F2E A sulfate2} uronic écidB] Fedo] A
opy} z+zt 53.0%, 13.8% 9o £& 72 30.0
%, 10.0% %cH(Nishide, 1987). AtgdgA oz
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2] sulfate®} uronic acid®] &g Fo| Z}z}t
22.7%, 224% 900 2P 17.0%, 21.3%%
T} (Nishino, 1987). & A&} Axl= 7|29 81
of v]3) sulfatedd2 GLFEI ZFoll vl &
gov AGFET Ve Hushe vtk
T2y} uronic acid®] g 23]z FFE% V)

&9 Bag AR ol fucoidano] ZFW
oAl ¢7l4bg A A3E e 2 EXidthe
Larsen$(1966)2] R il v|Fo] & nj =% °}
Hol| wa Ba] FE o2 Q& Ao 2
A Ao oAAL).

Table 2. Chemical properties of partially purified fucoidans extracted from brown seaweeds™®

. Uronic  Sulfate Protein Proportion of monosaccharides(% )¢
Species acds(%) (%) (%) Fuc Gal Glu Man Xyl
Lyeligiosa ©10.28 32.63 6.30 80.43 11.32 tra 1.16 7.09
U.pinnatifida 7.21 32.45 2.44 57.11 42.17 trad 0.72 tra?
H fursiforme 12.27 25.44 5.47 74.68 11.29 0.54 0.69 12.79
S. futvellum 17.84 20.49 1.79 64.29 21.00 0.70 0.93 13.08

a Mean of triplicate determinations

b Dry weight basis

¢ Calculated from G.C. analysis, considering the total amounts under the five monosaccharides as

100%
d Trace

TAFEY 2Avl= fucosert To] BAQlO] 57.
11%0l4 80.43% & 71¢ Bol &=l Qlrt. 1
o ¥21%, 2xME, thA|ol= galactoseZ} 242 42,
17%, 21.00%, 11.32% 2 fucose T}2 0.2 &F
o] =tor} £& xyloser} 12.79% & galactose
B} o] gEo AJSt. 19 vFOE man-
nose7} 1.16%°14 0.69% BE THH AU
glucose= THARIS} m|Y 2219, H|gol= HE)
HA @ &3 mAWb 22t 0.54%, 0.70
% FHE AR SAHYoE ug IxPL
galactose®] §8Fo] ol fucose?} galactose?)
EH|7F 1:0.66010th. ol ugFAA 2 ¥z}
HollA F23 YT galactosed] Fgo] ¥
te 7189 B9} dx)stth(Fujikawa, 1975;
Mori, 1982). '

2. AA| Fucoidan®] XA

B2 HA fucoidang ion-exchange chroma-
tography 3 &F8H JAYPLE AT fucoid-
an9] 24L& ¥ 33} 23 HA fucoidan®] P4
¥ moledle ¥ 49 2tk tAlnl, Y ¥,
¥, 2AEY) fucose®} galactose?] molen]7} 2+
Z+1:031,1:0.87,1:066,1:024=2 njO¥E
A9 el 73$ galactose?] moleR7t & ¢ &
Qlth. Moris(1982)-& m|¥¥Xgo & BE #&
3t A fucoidan®] fucose®} galactose?] mole
H]7} 1:1.76 &2 galactose”} 238 o o] &
frEo Aoz sk &3 A% (uronic acid ¥
ol i3t 4719 moled]= BiAblrl 1 1.6,
P ERPFe] 1:1, Fo] 1:1.5, BX¥bo] 1: 1.
12 Aok}l £2 2 moleo] BFoll 3 moled] 34}
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Table 3. Chemical composition of the purified fucoidans prepared by ion-exchange chromatography

and alcohol precipitation®

Species Glucuronic  Sulfate Protein Proportion of monosaccharides®
acid(%)"® (%) (%) Fuc Gal Glu Man Xyl
L.religiosa 1.49 26.88 1.18 69.04 23.43 2.85 4.69 tra?
U.pinnatifida 1.34 27.21 0.21 34.88 56.69 4.30 1.39 2.30
H fursiforme 2.24 23.93 0.62 52.73 38.11 tra 5.13 4.36
S.fulvellum 1.67 26.23 0.78 74.07 19.84 0.55 4.58 0.93

a Mean of triplicate determinations
b Determinated by GC

¢ Calculated from G.C. analysis, considering the total amounts under the five monosaccharides as

100%
d Trace

Table 4. Molar ratio of the purified fucoidans®

Molar ratio

Species Glucuronic
Fuc Gal Glu Man Xyl Sulfate i
acid
L.religiosa 1 0.31 0.04 0.06 — 2.43 0.07
U.pinnatifida 1 1.48 0.01 0.04 0.07 2.20 0.05
H.fursi forme 1 0.66 — 0.09 0.09 2.74 0.13
S.fulvellum 1 0.24 0.24 0.01 0.06 1.46 0.05

3. Gel column chromatography& o]&
3k ¥x15 EA

A fucoidan®] gel filtration chromatogra-
phy: 29 33} zr} A A8 fucoidan 257
9 138 Jehlloen tAE A4S vehl
Aok wWetA] ExpgEez 8 W ZEEs €
9)t}. tiAlm} A fucoidand] Ex}EFS 31,0000
91, mje] Ex¢3-e 38,000, B& 26,000, 2xpit

& 105,00001%tr. ZAE ]9l FA| fucoidan
& vlwd Ralgo] 4% & F AU

4. AA) Fucoidan?) +x E4

4.1 Methylation analysis

a9 4 tAul, Y EAq, %, 2xgtez
BE] gl wpylel ule} AR fucoidand 24z
methylation& F 7}pE3ldle] A& IR 39t
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Fig.3. Gel-filtration chromatogram of purified fucoidans.
a. Lreligiosa b. Upinnatifide. C. Hfusiforme d. S.fulvellum
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Fig.4. Total ion chromatogram of the alditol acetates of methylated sugars from purified fucoidans.

300. 2,3,4 —methyl fucose, 382. 2,4 —methyl fucose
407. 2,3,4,6 —methyl galactose ~ 415. 2-—methyl fucose
443. 4—methyl fucose 475. 2,3,6 —methyl galactose

489. 2,4,6 —methyl galactose 512. 2,4 —methyl galactose
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Fig.5. Mass spectrum of 1,3,5—tri—O—acetyl
—(1—deuterio) —-2,4 —di— O —methyll —

fucitol(scan number 382).

22 el GC-MS=E EA3 total ion chro-

matogram(TIC)o|t}. Retention time % mass

Table 5. Methylation analysis of purified fucoidans

spectrum 34 & Foto 8F2 HI7t FHEHSIU
t}. 18 5% fucoidan® FQA L9l 1,3,5—tri—
O —acetyl — (1 —deuterio) — 2,4 —di— 0 —methyl
—fucitol®] mass spectrum& YERHAJCE. AA
fucoidan®] methylation 4 ZAwl= 3 59 2
t}. tiAjol= 24—Me,—Fuc?} 388% 2 713 2
9k, teog 2—Me—Fucr} 17.78%, 2,3,6—
Me;—Gal7l 16.3% F o H|YEXE L 2,4—Me,
—Fuc?t 35.7%, 2,4,6—Me;—Gal?} 19.3%, 2,
3,6—Me;—GalZl 15.0% 408 Bt & 24
—~Me,—Fuc7t 32.1%, 2—Me—Fuc?} 16.9%, 4
—Me—Fuc7t 12.0% 91, PAWLE 2,4—Me,—
Fuc7} 37.4% 2 7V B%ka, o2 2—Me—
Fuc7} 22.6%, 2,3,6 —Me;—Gal7} 10.1% ¢o 8
o]l =T &, Aol &, AW 24 —Me,
—Fuc, 2—Me—Fuc &2 Ho| Ffue] 3o
Z Ao 1,3—Fuc 1,34—Fucd 2 & + 3
Ak a28la PYEAEL 1,3—Fuc Aol
1,3—Gal, 1,4—Gal 2% A3%F =AFS & &

Methylated Mol. % Major mass spectral )

” . Linkages
sugars Lar* Und®* HiF Sar? fragment ions(m/z)
2,3,4—Me;—Fue  11.2 95 97 153 175,162,131, 118, 102, 89 Fucp(l—

2,4—Me,—Fuc 38.8 357 321 374

247, 234, 160, 131, 118, 101,89 —3)—Fuc—(1—

2—Me—Fuc 177 74 169 226 275,173,160, 129, 118, 113,87 —3)
_)4)>Fuc—(1—>

4—~Me—Fuc 77 95 120 42 262,202, 188,143,131, 113,87 —2)
_)3)>Fuc—(1—>

2346—Me,—Gal 20 21 51 3.1 205, 161,145,129, 118, 102, 87 Galp—(1—

2,36 —Me,—Gal 163 150 9.9 101
2,4,6 —Me;—GAl 53 193 85 45
2,4—Me,—GAl 1.0 14 58 29

233,162, 129, 118,113, 102,87 —4)—Gal—(1—
234, 161, 143,129, 118, 101,86 —3)—Gal—(1—
234, 189, 127, 118, 98, 87, 72

—3)
_».6)> Gal— (1

a. Lreligiosa b. U.pinnatifida
c. Hfusiforme d. S.fulvellum
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fucoidandl] vls] 2,3,6 —Me,—Gal9) gHeko] A
@ bl AiE o= 2,3,4,6—Me,—Gale] Fheol
F7RIREE ¢ 4 Utk wWEA methylation®
A ZAg $38le By gajol, £, 2l 2%
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= ¢ T AU ol3F AF X = T EKur
omed A FE3F fucoidan® methylation 413k
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49 49X A ke Buet fAE
T} (Nishino, 1991).
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A fucoidang 29 63} o] Zo A glo]
AR HeS el A A8 2% 12403
850cm™' F-2ofl A3 Fband’t VENGE ©) o]
= 47 S=0% C-0—-8AaFo] A& Jehy
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Table 6. Methylation analysis of high molecular

fractions obtained by methanolysis

Methylated Mole % .

S — Linkages
sugars Lar? Und®
2,34—Me;—Fuc 129 85 Fucp—(1—
2,4—Me,—Fuc 59.2 545 —»3)—Fuc—(1—

2—Me—Fuc 3.0 3)>Fuc—(1—+
4)

4—Me-—-Fuc 70 23 _>2)>Fuc—(1—>
—3)

2,3,46—Me,—Gal 6.3 53 Galp—(1—
2,36—Me;—Gal 105 9.9 —4)—Gal—(1—
2,4,6 —Me;—Gal 5.3 18.5 —>3)—Ga1—(1*>
2,4—Me,—Gal 02 4.6 —

—6)
a Lreligiosa b U.pinnatifida

>Ga1—(1—>

A 2R EERE A 71540 958 =8
A Mo MHF AAE MLE] 93 Vs E o
7] $isf ohAlel, (G FAE 4, &,
Expto 2 RE fucoidang F&, Y5l 1 E
4e zAIAT.

Fucoidan®] #% %2712 pH 2.09] AM] =Zol
o2 65T 1A A 33 2L sgx
cethylpyridinum chlorideE A}23}o] B2 3|3}
Aok B2 FA| fucoidan®] $&& thAn} 2.71
%, M9 XY 6.65%, £ 2.51%, ZA 1.56

) =4

Q)

%
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Fig 6. FT—IR spectra of purified fucoidans and commerical fucoidan.

a. U.pinnatifida
c. Hfusiforme

%, vA¥AY 6.65%, % 2.51%, Zxp 1.56
%, W G4A 0.40% Foh 53] vdEA4H9
Fgo] 7HE e whad vlg GAHAE T st
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DEAE —Sephadex A—25 o]& wg Zy ¥
g 23 FdWez JAE
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A¥Ad, &, Txtubo] Zpz; 100310243, 1~
0.87 :1.99, 1:0.66:2.74, 1:0.24:1.460]%
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o] ARAXNE =AM A ohaleb, K, mARb
o] 2 Age 1,3 fucoseolfom HAEAAL 1,
3 fucoseo]2|o] 1,3 galactose™ @& EAEA

fucoidan®] fucose

b. Lreligiosa
d. S.fulvellum
e. Commerical fucoidans(Sigma.Co.)

t}. 347)= fucose @ galactose?] C—4%o &
2 AgHe] g vgeAgds Soe C-4%
2 o)9)e] fucosed] C—2¥ aox A= 3
Atk

V.

SRR

Anderson, M.A. and Stone, B.A. 1985. A
Radiochemical Approch to the Determination
of Carboxylic Acid Groups in Polysaccha-
rides. Carbohydr. Polym., 5, 115.

Anno, K., Terahata, H., Hayashi, Y., and Seno,
N. 1966, of
Fucoidan from Brown Seaweed Pelvetia wri
ghtii. Agr. Biol. Chem., 30, 495.

Isolation and Purification



66

Fujlkawa, T. and Nakashima, K. 1975.
Occurence of Fucoidan Analogues in Brown
Seaweed. Nippon NogeiKagaku Kaishi, 49,
455,

Harris, P.J., Henny, R.J., Blakeney, A.B., and
Stone, B.A. 1984. An Improved Procedure for
the Methylation Analysis of Ologosaccharides
and Polysaccharides. Carbohdr. Res., 127,
59. )

lizima—Mizui, N., Fujhara, M., Himeno, J.,
Komiyama, K., Umezawa, L., and Nagumo, T.
1985. Antitumor Activity of Polysaccharide
Fractions. Kitassato Arch. of Exp. Med.,
58, 59.

Kvernheim, A.L. 1987. Methylation Analysis of
Polysaccharides with Buthyllithium in Di-
methyl Sulfoxide. Acta. Chem. Scand. Ser.
B. 41, 150.

Larsen, B., Haug, A., and Painter, T.J. 1966.
Sulphated .
Polysaccharides in Brown Algae 1. Isolation
and Preliminary Characterisation of Three
Sulphated Polysaccharides from Ascophyliu
m nodosum (L.) Le Jol. Acta. chemica. sca
ndinavica, 20, 219.

Mori, H., Kamei, H., Nishide, H., and Nisizawa,
K. 1982a. Sugar Constituents of some Sulfat-
ed Polysaccharides from the Sporophylls of

Wakkame(Undaria pinnatifida) and their
Biological Activities. Proc. 10th Intern. Sea
weed Symp., 10, 109.

Nishide, E., Anzai, H., and Uchida, N. 1987. A
Comparative investigation on the contents of
Fucose—Containing Polysaccharides from
Various Japanese Brown Algae. Nippon
Suisan Gakkaishi, 53, 1083.

Nishino, T., Anzu, H., and Nogumo, T. 1991.
The Relation Between the Molecular Weight
and the Anticoagulant Activity of Fucan sul-
fates from the Brown Seaweed Ecklonia kur
ome. Agric. Biol. Chem., 55, 791.

Nishino, T. Yokoyama, G., Dobashi, K.,
Fujihara, M., and Nagumo, T. 1989. Isolation.
Purification, and Chracterization of Fucose—
Containing Sulfated Polysaccharides from the
Brown Seaweed Ecklonia kurome and their
Blood—Acticoagulant activities. Carbokydr. R
es., 186, 119.

PaEE—#2, 1988. WEE (D R, AT -F4 3
s, 9, 47.

Tayer, R.T., and Conrad, H.E. 1972. Stoichio-
metric Depolymerization of Polyuronides and
Glycosaminoglycuronans to Monosaccharides
Following Reduction of their Carbodiimide—
activated Carboxyl Groups. Biochemistry,
11, 1383.



