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Abstract

We have isolated an anticoagulant polysaccharide from the alkali extracts of Coriolus versicolor. The an-
ticoagulant polysaccharide was purified through a gradual ethanol precipitation and three concecutive chro-
matography of DEAE-Toyopearl 650C, Sephadex G-100, and Sepharose CL-6B by measuring activated par-
tial thromboplastin time (aPTT). The anticoagulant polysaccharide showed the homogenecity on HPLC using
a gel permeation column and had about 7.2 10° molecular weight. The polysaccharide consisted of fucose,
glucose, and galactose in a molar ratio of 1.0:0.2:0.2:0.1, and also compromised 19.32% of sulfate at its con-
stituent sugars. The polysaccharide showed the two typical bands of C-O-S (823 cm™) and S$=0 (1257 ¢cm™)
in the IR spectroscopy. The sulfated polysaccharide (CV-40-Va-1) inhibited the blood coagulation via the in-
trinsic pathway like heparin whose activity produced a concentration dependent effect in aPTT and thrombin

time (TT).
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£ 37°CollA] 387 |93 ohg, 37Tl A vl oo
%] thrombin time ZI%tA]eF 100 pL 7}8F ¥ blood
coagulation analyzerZ ARg3}e] 2771 F w7z
BRI LT

1G4l o) ARE A2tsl SEold Bew
RS PTTYOE 248 T 42 A4S olgslo]
Yol £ 50% Aafstd] Wy AR ¥EE
ARt

F=aI0f I FEAZ| ME 3310 24 ZHE
B3 72x] Al 2 gol] hot water (97°C), cold water
(4°C), methanol (70°C), ethanol (70°C), acetone (50°C),
hexane (50°C), 0.1N NaOH (60°C) ¥ 0.1N HCI
(60°Cye 150 mLA S 7}af 2417t B2 A|7HH R &5
FEsld(it me G 254 AT F3h YA E
2] (6,500 rpm, 208-)3F ¥, {7189 FEE2 A
& stz 1 8 FEEL Aede 74, B2

3
ZAz3te] aPTT ¥ 22 383 4-& SAstsrt

semy cigtel 55 U FA

A FEHA 420 g& 95~97°CellA] 4A 7 F3F
0.1 N NaOH ¢4 ° 2 357 3Z3F ¥ Scheme 17} 2
o] ethanol ¥=8 AW AAlstel He) Hyow
2gasict. o] Feld LAl 7 FIW CV-408
DEAE-Toyopearl 650C column (CI form, 3.5X28.5
cm)ell FHAZ F FFHFFE At Nall =5
ZAN7RA 8] FARAE (CV-40I-VIE o
At} o] F 0.8 M NaCloll 4 4-Z% CV-40-VEF (30
mgre 02M NaClgHNez 33355l Sephadex G-
100 column (3.0x 82 cm)2 ol-&3}ed 0.12 mL/ming]
42032 Aoy mZotE TS ssle] 374 3
H(CV-40-Va—c)E 24l
EH CV-40-Va 30 mg)E 02M NaClz H33ls]
Sepharose CL-6B column (2.4x 89 cm)ol]4] 0.2 mL/
ming] §-&0 2 Aoz} AFulE 7lFE Psle] 3}
S w&4 A hFCV-40-Va-lS Fe]aksict o] o

= oy B
S0 F F8 g3 284



FEAN S

BE YAlHY e 4ol A A seich

HHctete] 5 U

Sepharose CL-6B columnoll 2]al|4] t+d peak® &
HE CV-A0-Val i 28 FHdshr] 9)s)e]
HPLC (SAMSUNG SLC-2000/RI/Shodex ionpack S-
804)% 1 mLmine] §42.2 A5k 2nd, GA ke
2] E-zl2k2 Dextran T-2000 (M.W. 2x10%, T-500
(M.W. 5x10%, T-70 (M.W. 7 10%), T-40 (M.W. 4x
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Infrared spectroscopy
AAH AR (CV-40-Va-1)o} - o2 Abgs)
8h-3- 4] thde] heprain 1 mg® 2 KBr 200 mg (200

Coriolus versicolor
I extract with 0.1 N NaOH at 95~97"C for 4 hr
CV-0
reflux with MeOH at 65~70°C for 1 hr (5 times)
1

Residue Supernatant
evaporate
dissolve in water CV-M

centrifuge

l

Water soluble part Water insoluble part

precipitation by ethanol concentration (%v/v)

I l | l i
CV-20 CV-40 CV-60 CV-80 CV-S
lon exchange chromatography using
DEAE-Toyopearl 650C with NaCl gradient
| l I I I l
CV-40-1 -1 -l -V Y -VI -Vl -VII

(OW) (02 M) (04 M)(0.6 M) (08 M) (10 M) (15 M) (2.0 M)

Gel permeation chromtography
using Sephadex G-1(X)

l I l
CV-40-Va CV-40-Vb CV-40-Ve

Gel permeation chromtography
using Sepharose CL-6B

| |
CV-40-Va-1 CV-40-Va-2

Purified polysaccharide

Scheme 1. Separation and purification procedure of
blood anmticoagulant polysaccharide from Criolus ver-
sicolor.

1

o

1A R 371

mesh)¥} E3tsto] KBr pelletE whEo] FT-IR spec-
trophotmeter (BOMEM Michelson series MB 102-C15)
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Table 1. Comparison of anticoagulant activities among
the different solvent extracts from Coriolus versicolor

Solvent Extraction time Yield Coltting time

(hr) (%) (sec)
Hot water 2 184 40.6
Cold water 24 10.4 42.4
Methanol 2 2.4 334
Ethanol 2 4.4 30.7
Aceton 2 3.7 263
Hexane 2 1.2 26.3
0.1 N HCI 2 10.7 62.1
0.1 N NaOH 2 11.4 72.1

Table 2. Effect of alkali extraction time on anticoagu-
lant activity

Extraction time . o Clotting time
Solvent (hr) Yield (%) (sec)”
0.1 N NaOH 2 114 72.1
4 134 123.6
6 135 73.9
8 13.4 64.1

"Anticoagulant activity of each sample (1,000 Mg/mL) was
examined though the activated partial thromboplastin time
(aPTT) and the control time was 35 sec.
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Fig. 1. Anticoagulant activities of the precipitates by
stepwise ethanol addition from Coriolus versicolor. B:
Acttivated partial thromboplastin time, B: Prothrombin
time, [J: Thrombin time. Each fraction was assayed at a
concentration of 500 pg/mL for the anticoagulant activites
including aPTT, PT, and TT. The respective control time
was 35 scc, 18 sec, and 8 sec.
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Fig. 2. Purification of the anticoagulant using
Sephadex G-100(A) and Sepharose CL-6B(B). [—{1:
Protein (280 nm), A—A: Total sugar (490 nm), @—@:
Anticoagulant activity.
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Fig. 3. GPC, HPLC profile, and molecular weight of
anticoagulant CV-40-Va-1. A—a: Total sugar (490 nm),
@®—@®: Anticoagulant activity. *Kav=Ve-Vo/Vt-Vo, Vo
void volume, Vt: tatal volume, Ve: elution volume. The
column (2.4X89 cm) of Sepharose CL-6B was eluted
with 0.2 M NaCl. T-2000, T-500 T-70, and T-40 are stan-
dardard dextrans of 2X10°, 5X10°, 7x10%, and 4x10°
molccular weights, respetively.
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o] &3-& Sepharose CL-6Bell z-¥&3F A #-¢7}
Al ol slz2 #1Eick(Fig. 3). Fig. d4ollA=
zZF AAdA A 2] F8 FAIE 7L e ndAS
ulssioich. AAZE AW Y52 aPTTSE TT2) B4
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Fig. 4. Comparison of anticoagulant activities in the
major fractions separted by ion exchange and gel per-
meation chromatograpies. B: Activated partial throm-
boplastin time, H: Prothrombin time, [_: Thrombin time.
Each fraction was assayed at a concentration of 500 ug/
mL for the anticoagulant activites including aPTT, PT,
and TT. The respective control time was 35 sec, 18 sec,
and 8 sec.
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A AA=EDSS il on], Sepharose CL-6B
columng o]-4-3le] ¥A}EkE RF dextrand} H| W
Aw} Bapere o 7.2x 1002 24 5|9} (Fig 3).
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CV-40-Va-12 o} 4.8u] =713} 116.24 ng/mLo|3ic
(Table 3). ©]71-& heparin 1.056 unit/mgel] #je}3}= 5}
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2 gal=gled, T4 féf.‘li/ﬂ
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9} aPTTO| AL Fof wel Zrlsh PTE 37}
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Table 3. Purification outline of the anticoagulant polysaccharide from Coriolus versicolor

Fraction CV-0 CV-40 CV-40-V CV-40-Va CV-40-Va-l

ICsy (ug/mL) 590.76 337.64 179.71 166.70 116.24
Yield (%) 13.40 1.83 0.17 0.04 0.02
Sulfate (%) 5.22 13.40 18.92 19.24 19.32
Protein (%) 50.25 56.50 60.24 16.74 trace
Total sugar (%) 33.76 30.67 29.10 69.52 99.46
Uronic acid (%) 10.42 9.47 3.43 3.44 trace"’
Sugar composition (molar ratio)

Fucose 1.00 1.00 1.00 1.00 1.00
Arabinose 0.24 0.15 trace" 0.11 trace
Xylose 0.44 0.55 0.17 0.17 trace
Mannose 0.92 1.10 0.26 0.28 0.22
Galactose 0.52 0.37 0.24 0.99 0.11
Glucose 8.03 3.88 1.55 1.63 0.20

"Detected less than 0.05.
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Fig. 5. Dose-response anticoagulant activity of CV-40-
Va-1. @—@: Activated partial thromboplastin time
(aPTT), B—8&: Prothrombin time (PT), A—A: Thrombin
time (TT). Relavive anticoagulant activity means % ac-
tivity against the control clotting time.
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Infrared spectroscopy
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Fig. 6. IR sepctra of anticoagulant CV-40-Va-1 and he-
parin.
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