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oM E4-E2ZHH (Infra-red spectroscopy)
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Table 1. Anticoagulant activity of the subfractions of CF-1 by
IEC on DEAE-Toyopearl 650 C column

(ug/ml)  APTT (sec) PT (sec) TT (sec)
250 42 17 16
CF-1-1 25 40 17 15
2.5 39 17 15
250 40 17 15
CF-1-11 25 40 17 16
2.5 40 17 16
250 39 17 15
CF-1-11 25 40 16 17
2.5 39 17 19
250 40 16 15
CF-1-1V 25 40 17 15
2.5 39 15 15
250 42 16 17
CF-1-V 25 40 16 15
2.5 40 16 15
250 >600 123 >600
CF-1-VI 25 545 20 342
2.5 152 16 25
250 >600 136 >600
CF-1-VII 25 465 39 268
2.5 165 25 56
250 177 45 90
CF-1-VIII 25 65 17 20
2.5 40 16 17
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Fig. 1. Purification of the fraction CF-1-VI by gel permeation
chromatography on Sephadex G-100 and the anticoagulant
activity of its subfractions. Fraction CF-1-VI (50 mg) was
applied to a column (2.5X95 cm) and eluted with 0.2 M NaCl at
a flow rate of 0.2 ml/min. The anticoagulant activity of each
fraction was assayed at concentrations of 2.5 pg/ml. O: Total
sugar, @: Uronic acid, V: Protein, B: APTT, [0: PT, @&: TT.
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Fig. 2. Purification of the fraction CF-1-VIa by gel permeation
chromatography on Sephadex G-75 and the anticoagulant
activity of its subfractions. Fraction CF-1-VIa (50 mg) was
applied to a column (2.5X95 cm) and eluted with 0.2 M NaCl at
a flow rate of 0.2 ml/min. The anticoagulant activity of each
fraction was assayed at concentrations of 2.5 pg/ml. O: Total
sugar, @: Uronic acid, V: Protein, l: APTT, O: PT, &: TT.
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Fig. 3. Purification of the fraction CF-1-VII by gel permeation
chromatography on Sephadex G-75 and the anticoagulant
activity of its subfractions. Fraction CF-1-VII (50 mg) was
applied to a column (2.5X95 cm) and eluted with 0.2 M NaCl at
a flow rate of 0.2 ml/min. The anticoagulant activity of each
fraction was assayed at concentrations of 2.5 pg/ml. O: Total
sugar, @: Uronic acid, V: Protein, B: APTT, (1: PT, &: TT.

CF-1-VIla7} APTT 258.5%, PT 37.3%, TT 94.6%% CF-1-
VIIb 2t} =34t} CF-1-VIIaE Sephadex G-100014] =53]
sto] AojR 2719 2 gl &1 BAE A 2
F(Fig. 4), A EA7Fo] & g2l CF-1-Vila-194 &3
a8Ado] ko), APTTY} 250% 2 CF-1-VIlaol] 1]3}o]
R AT AYE BATh 2 F4FEQ CF-1-Via-
13} CF-1-VIIa-1-2- Sepharose CL-6B A# oA AAE 2
At HF AA F(EZrET AE), HPLCA A
o] g3t R o= AL = Y4 h(Fig. 5).
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Fig. 4. Purification of the fraction CF-1-VIIa by gel permeation
chromatography on Sephadex G-100 and the anticoagulant
activity of its subfractions. Fraction CF-1-VIla (50 mg) was
applied to a column (2.5x95cm) and eluted with 0.2 M NaCl at a
flow rate of 0.2 mlmin. The anticoagulant activity of each
fraction was assayed at concentrations of 2.5 pg/ml. O: Total
sugar, @: Uronic acid, V: Protein, B: APTT, OI: PT, @: TT.
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Fig. 5. HPLC pattern of CF-1-VIa-1 and CF-1-VIa-1. HPLC

was performed on a Gilson instrument equipped with RI detector
and Shodex ionopack S805 using isocratic 0.2M NaCl.
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Table 2. Chemical analyses of the purified anticoagulant
polysaccharides from Codium fragile

CF-1-VIa-1 CF-1-VIla-1

Total sugar (%) 90.8 88.1
Uronic acid (%) 13 23
Protein (%) 0.9 12
Sulfate (%) 13.0 12.3
Molecular weight (Da) 80,000 40,000
Component sugar (molar ratio)

Rhamnose 1.0 1.0
Fucose 0.4 1.2
Arabinose 47.1 38.5
Xylose 0.7 1.7
Mannose 0.5 <0.1
Galactose 20.1 20.2
Glucose 2.7 <0.1

pASe BxR /199 974 oy
38,000 Da, THAJH} 31,000 Da)5*"7h= H]<=31
S3A ORFES EAET A3
o) & A%el 93l2 BHo] AT Wi} glov
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E% 719 heparinoidE#} fucoidand] TVFFE3 FALS}H
Al %]-/,\}7]2 a8l Yot o1 8eEe B fucoidantd
J3HE(23~26%) Brh=s 932 12% AE2 SAHASD
CF-10] 10% = 8 dBd"e G 7} Jgg el ot
Ak FaE e HE AA GdFe CF-1-Via-13} CF-
1-VIla-1o+&= A¢ 1% wivter EA5h= Ao = Hol &
SugAo A Tuldo] FojdtA] s Ao Add HE
o A ans) AASANE. HIFE) 2% 29 ol
3151-& uj(Table 2), heparinoidEol v} &A= AT
O]L]— %% 7199 fucoidandl] thgk &3} fucose= T
%91 0™ arabinose®} galactoseE0] tjF-E2] A
D‘roi Z7)3l= arbinogalactan HEfe] EA4& BT} CF-
1-VIa-1¢] 739 arabinose$} galactose] E-8]|7} F 5:20]%]
o 1} A] glucose, thamnose, xyloses-©] ©] @ {5 o]
g9om, CF-1-Vila-12 FFAZOZA  arabinose 2}
galactose7} 2:1¢] EH]|Z FA ] o™ CF-1-Via-13}
= 24 glucose=s AEEHX &t

FE<1 fucoidan(®] S
FEol3ch. 7
ST BA NN BAbZF
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Heparino] HGA AN F= &4 F2E ¥
283l Ae 2 A AAE A tdFd
CF-1-VIa-13} CF-1-VIla-13= APTTS} PTolA] S]] Healg

18 A oA FAgaAN N A2t 357
2o Bgslo] B2 AL YrhIS & 5 AN o)
o] APTTY) 3-%31 BA1L heparin®] ¢F 40%0l NFH= =
71991} fucoidanE B TR= 20~30% o4 &8 50|}
Heparin2 antithrombin III <} ﬁi}ﬂ_.iéﬂ antithrombin
e sk AL ZZANA deu BAS o q.E].q]ng]
o] 7 B3 Atole] A ‘jvfl% 3] g AA kot
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Table 3. IR absorption of the two anticoagulant polysaccharides

CF-1-VIa-1 857 cm™’, 890 cm™’, 1046 cm™’, 1248 cm ™,
1637 cm ™, 3442 cm™,
CF-1-VIla-1 668 cm™', 760 cm™’, 854 cm™, 1253 cm ™',

1647 ecm ™', 2351 cm ™, 3445 cm ™!

Table 4. Changes in the anticoagulant activity of the anti-
coagulant polysaccharides by sulfation or desulfation

APTT (sec) PT (sec) TT (sec)
Native 259 28 125
CF-1-VIa-1 Sulfated 328 31 157
Desulfated 46 21 18
Native 249 33 67
CF-1-VIIa-1 Sulfated 296 31 120
Desulfated 105 23 29

The concentration of each sample was 2.5 pg/ml.

heparin®] negative charge = 3H:17]¢} antithrombin II12]
Lys/Arg Z37] Atolollxe] AA7|1A 454§ (electrostatic
interaction)o}g} B uE:1 ¢Yv}’® Heparin®} 3114
fucoidanE-9] -3 E4o] FE9] ity e 4
#AAd) A Rurt Qo] o2 CF-1-VIa-13+ CF-1-
VIla-19] &-gn8AA Filr]e] 988 FES7 93
o] t}d-& 7}z} sulfation® desulfationA]Z] 3ol EAde] ¥
32 BsnA Atk B OHRES R 24 dolA
(Table 3) &5 1250 cm™ 229 BAH(CF-1-Via-1: 1248.34
cm™', CF-1-VIla-1: 125343 cm™ )& &3l g 7AG 2+
712} hydroxyl 7|l sulfate ester S &lgt = 9},
wpelA] deesterificationS 23 T}3-59] desulfation=} free
hydroxyl”] o]} sulfation-g &8F o2 F535l1 IREAL &
&lo] sulfate ester?] E-uglog FxLA A= FolF
%, 2}74¢ EORRS 984S MwsiEn. Table
49] Zajo| A desulfationr] CF-1-VIa-19} CF-1-Vlla-1 2.5
APTTS} TT 29 §-gn8Ao] Bridil Bdy 50%
ol #43] a3t oy, hFHEY sulfaionr] 23]
APTTS} TTS| 3@ Ao] 20-30% Z71st4itt. o] ghzto]
0359 sulfationS 3 L1849 FE3} desulfation
< 5% 338 74 B CF-1-Vla-12t} CF-1-
Vi1l o FRSIIT gt 459 4324 T
EX% heparino]t} T fucoidan’] I FFET vlalR
2 38 FA)7t B Aoz AIEHU
ARG A AAA A2 F&ug dEFFREL EEN
o gt AL 2AI AL ©F FAE R eAS
7142 &t EENlY digh AsEAS A3} Table
58] 43 Y tERES] =7t F71E4E 350 nmoj
Ao FREI) Aadte AEFES B 5 ey oA F o
PREol BE 2oz she4el Auelaols B8
4ol grYoRe) AFS JAATS oniditt. o]o) v)F)
slohle] A 350 nmol A FBwst Frol Wz
2 zaseg §3ee) EEN g3 Z87)13Le 7]1E9)
B9} o] Ao QR oT FFE Qi thrombin
e} 8A4E& FIZAA P2 o2 EENS 848 Aagds

Table 5. Effect of CF-1-VIa-1, CF-1-VIIa-1 and heparin on
fibrin formation

Concentration (pg/ml) Turbidity (350 nm)

25 0.20

Heparin 50 0.23
100 0.19

100 0.20

200 0.19

CF-1-VIa-1 300 0.18
400 0.17

100 0.21

200 0.20

CF-1-VHa-1 300 0.19
400 0.18

Table 6. Effect of calcium ion on the anticoagulant activity of
CF-1-VIa-1 and CF-1-VIla-1

Calcium conc. Control CF-1-VIa-1 CF-1-VIIa-1
™) (sec) (sec) (sec)
0.02 39.0 69.5 62.0
0.03 40.0 76.0 70.5
0.04 46.0 99.5 81.5
0.05 53.0 98.5 88.5

The polysaccharides were assayed by ATPP at concentration of 1 pg/ml.

#28 4= 94t} =, CF-1-VIa-1¢} CF-1-VIla-1= heparin

2] antithrombin III -§-Fo] #AIgle] AAZ¥ oz E
&8l Mg dod F glow, 7]EY fucoidand HHIFF
Y30 08 7|3 Bt 3384 Ushle A
2 AZE U,

AANGFEY &3 A sl ZE s=Y EHE
gotry] 943 0.02~0.05 M & ZE SENA T8
£ APTT o2 243 B}, Table 62 AHoA B
o] CF-1-Vla-13} CF-1-VIla-1& 1% %¢] Zh¢ol2 o
ME Az @72 & ZesEe @Afe) v&g
d-&3 8L velUTh o] A9 RAE 7199 HEo]
= JeuEA”y Zo] FAUFHFESY FE&1 4o
S chelating3ro. 24 Y-S uE A&7 Ho}t
3 4o ARH R Zgale g8 S
ENAS & 5 QST o)AL A mAANA FE <l
A A2E B3t F8nEAE YERNE tissue factorE0]
Q1A ol AT Fe e &2 Bl A
£ g RE] tissue factor24] 283 JHs AT wiA" 5
Pomz s & dort g& A 2ok

AEH O T HZbo|A B & F3u8A tFFE<l CF-
1-VIa-13} CF-1-VIla-12 @ R8g31 A0l 7|2} heparino]i}
fucoidan’l AN FHFEIE 2] APTTS} PTAA FAl
o @HS1E AAAF 2N FAZuA A WD A
29 FEAR AL T S YEhH, I3
© 2 thrombing A 3]5}ed antithrombin III B]JE&H o7
AL TE JATFYUE Ao g AGHUT. o|E OGF
9 w92 gt E4AY Ao 542 Qe AeR &
A= e AR oqFREY HoldEE T F31E



o] ATE AYFAT FUEAATANLHAY AT
A 9o 9stel Y AT DRoln] AH] A Lo
AP gy

1. Choi, J. H,, Kim, I. S., Kim, J. I. and Yoon, T. H. (1992)
Studies on anti-aging action of brown algae, Undria pinnatifida.
Bull. Korean Fish Soc. 25, 181-188.

2. Furusawa, E. and Furusawa, S. (1990) Anti-tumor potential
of low dose chemotherapy manifested in combination with
immunotherapy of Viva-natural, a dietary sea weed extract,
on Lewis lung carcinoma. Cancer Letters 50, 71-75.

3. Nishino, T., Kiyohara, H., Yamada, H. and Nagumo, T. (1991)
An anticoagulant fucoidan from brown seaweed Ecklonia
kurome. Phytochem. 30, 535-541.

4. Frank, C. C., Meade, J. B., Treanor, R. E. and Whinna, H. C.
(1989) Antithrombin activity of fucoidan. J. Biol. Chem.
264(6), 3618-3622.

5. De Swart, C. A. M., Nijimeyer, B., Roelofs, J. M. M. and
Sixma, J. J. (1982) Kinetics of intravenously administered
heparin in normal humans. Blood 60, 1251-1257.

6. Kumada, T. and Abiko, Y. (1981) Comparative study on
heparin and a synthetic thrombin inhibitor No. 805(MD-805)
in experimental antithrombin deficient animals. Thromb. Res.
24, 285-289.

7. Irving, F., Adrian, D., Peter, L., Jane, E., Elizabeth, F., Tim,
M. and John, M. (1993) Anticoagulant activity of Hirulog™,
a direct thrombin inhibitor, in humans. Blood Coagul. Fibro.
69, 157-163.

8. Reider, W. (1986) Vitamin K antogonism of coumarin anti-
coagulation. Biochem. J. 236, 685-690.

9. Dzung, T., Robert, T., Weitert, B., Savilla, K. J. and Samnel,
1. R. (1994) The international normalized ratio (INR) for
monitoring wafarin therapy. Reliability and relation to other

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

145

monitoring methods. Aun. Inter. Med. 120, 552-556.

Kweon, M. H., Park, M. K, Ra, K. S, Sung, H. C. and Yang,
H. C. (1996) Screening of blood anti-coagulant polysaccharides
from edible plants. Agric. Chem. Biotechnol. 41, 60-66.
Kweon, M. H,, Sung, H. C. and Yang, H. C. (1994) Acidic
heteroglycans with anti-complementary activity from the water
extract of Preridium aquilinum var. latiusculum. Foods and
Biotechnology 3, 83-89.

Lowry, O. H., Rosebrough, N. J,, Farr, L. and Rindall, R. J.
(1951) Protein measurement ‘with the folin phenol reagent. J.
Biol. Chem. 193, 256-260.

Dodgson, K. S. and Price, R. G: (1962) A note on the
determination of the ester sulphate content of sulphated
polysaccharides. Biochem. J. 84, 106-107.

Jones, T. M. and Albersheim, P. O. (1972) A gas chro-
matographic method for the determinatin of aldose and
uronic acid constituents of plant cell wall polysaccharides.
Plant. Physiol. 49, 926-931.

Kinzo, N., Yuko, I. and Toshio, K. (1977) Solvoltyl sulfation
of glycosaminoglucuronan sulfates with dimethyl sulfoxide
containing water or methanol. Carbohydr. Res. 58, 47-53.
Yamamoto, M. (1980) Some physicochemical properties of
sulfated polysaccharides of several species of seaweeds.
Agric. Chem. Biol. 44, 673-678.

Ku, J. H. (1994) Extraction, purification, and properties of
fucoidans isolated from Korean brown algae. ph.D. Thesis,
Korea Univ., Seoul, Korea.

Robert, J., David, B. and Rosenberg, R. (1979) Fractionation
of low molecular weight heparin spices and their interaction
with antithrombin. J. Biol. Chem. 254, 2902-2906.

Nishino, T. and Nagumo, T. (1991) The sulfate-content
dependence the anticoagulant activity of fucan sulfate from
the brown seaweed Ecklonia kurome. Carbohydr. Res. 314,
193-199.

Chi, C. W, Liu, H Z., Liu, C. Y., Chibber, B. and
Castellino, F. C. (1989) The inhibition of the enzymatic
activity of blood coagulation and fibrinolytic serine proteases
by a new leupeptin-like inhibitor and its structural analogues
isolated from Streptomyces griseus. J. Antibiot. 42, 1506-1511.
Kenneth, A. B. (1995) Natural anticoagulants and the pre-
thrombotic state. In Blood, Lippincott, J. B. (Ed.) Company,
Philadelphia, p.125.



146

ONERELLRES SR

Anticoagulant Activity of Sulfated Polysaccharides Isolated from Codium fragile
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Abstract : We have isolated two anticoagulant polysaccharides from an acidic extract of Codium fragile. The
purification was conducted using three consecutive chromatographies of DEAE-Toyopearl 650C, Sephadex G-100 (G-
75), and Sepharose CL-6B by measuring activated partial thromboplastin time (APTT). The two purified anticoagulant
polysaccharides, CF-1-VIa-1 and CF-1-VIla-1, were found to be nearly homogenous on HPLC using a gel
permeation column and appeared to have molecular weights of about 80,000 Da and 40,000 Da, respectively. The
polysaccharides consisted mainly of arabinose and galactose in a molar ratio of about 2: 1, and also comprised 12-
13% of sulfates at their constituent sugars. CF-1-VIa-1 and CF-1-VlIla-1 inhibited blood coagulation via both the
intrinsic and the extrinsic pathways. The polysaccharides unlike heparin showed an inhibitory activity on thrombin
when a pure fibrinogen without antithrombin III was used as a substrate. Structural modifications using sulfation
and desulfation affected the anticoagulant activities directly, suggesting that the content of sulfate plays an
important role in the blood coagulation cascade. The polysaccharides may inhibit some proteases involved in the
blood coagulation cascade, judging from the independence of calcium concentrations in their anticoagulant activity.

Key words : Codium fragile, anticoagulant activity, sulfated polysaccharide
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