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Most beta-glucans obtained from various fruit bodies of mushrooms and mushroom mycelial cultures
have high-molecular weight glycoproteins, conjugated with beta-glucans. We report that iso-
flavone-conjugated glycolproteins (designated as gluvone) were isolated and exhibited stronger anti-
carcinogenic activities. Agaricus blazei mycelia (ABM) was cultured in a liquid medium containing soy-
bean flakes for 14 days. The liquid culture was autolyzed by incubating at 53C (pH 5.5) for 3 h. A
crude glycoprotein (CGP) fraction with a cytotoxic effect on a mouse ascite cancer cell line (5-180) and
a human breast cancer cell line (MCF-7) was isolated from the autolyzed ABM cultures by 80% etha-
nol treatment. Gluvone was isolated from the CGP with Sephadex G-75 column chromatography. It
exhibited a stronger anticancer effect than CGP against the 5-180 cell-induced female ICR mouse as-
cites carcinogenesis. Gluvone with 9,400 daltons was identified as 2 glycoprotein conjugated with
isoflavone. According to HPLC and GC analysis, in conjunction with "H-NMR spectral analysis, it con-
tained 60% carbohydrates (glucose, fructose, and ribose), 31% protein, and 2% isoflavone (daidzein
and genistein), which is a novel material. These results indicate that a strong anticarcinogenic gluvone
was isolated from the autolyzed product of a submerged liquid culture of ABM, suggesting that autol-
ysis could be a useful tool to produce antitumor agents.
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Fig. 1. A flow chart for the isolation of CGP fraction from the
submerged-liquid culture of ABM by autolysis.
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Fig. 2. A flow chart for the isolation of Gluvone from CGP.
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Table 1. Effect of CGP on the 5-180 cell-induced mouse ascites

carcinogenesis
1 Mean Survival rate  Survival
Treatment . 2) 0/\3) 4)
survival day (%) mouse
Control 19.2+0.5° 100 0/10
CGP 223+1.0° 116 1/10
Gluvone 26.9+0.9° 140 3/10

UEach treatment was consisted of 10 mice. Mice were given 10
mg sample/mouse/0.2 ml PBS. Control mice were given
5-180 cells and PBS (0.2 ml). CGP represents a crude glyco-
protein fraction obtained from the liquid culture of ABM by
autolysis (53°C, pH 5.5, 120 rpm, 3 hr). Gluvone means iso-
flavone-conjugated glycoprotein purified from CGP by
Sephadex G-75 column chromatography.

Y Average survival days of mouse until 42 days after treatment.
Mean + SD. Means with different small superscript letters
represent significantly different at p<0.05 by Duncan’s multi-
ple range test.

ISurvival rate = [mean survival days of treatment mice/mean
survival days of control mice] x100.

“Numbers of mouse survived until 42 days after treatment.

71838 =7 53C, pH 5.5, 3 hro] 3 th.
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ol A 24391, 280 nmol A FHEE Z
(tube 5), 2 (tube 12) & 3 (tube 19)]& A
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e f =t aer e ditions on the viscosity of the
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150 ‘ s 500 - o at 53T (A panel) and 63T (B
g M g e panel). Viscosity of ABM liquid
Zom | Znm culture autolyzed at pH 5.5 and
g 8 55C for 3 hr was significantly
= = decreased, p<0.01, from that of
ooy Ay other autolyzed conditions by
Duncan’s multiple range test.
0 0 Detailed measurement condition

0 1 3 5 B 24 0 1 3 5 15 24

Incubation time (hr)

Incubation time (hr)

was described in Materials and
Methods.
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06%PT THFE Z= = B4 606% = GHZHo)

31.0%, % isoflavone©] 2.0% % Th(Table 2).
"H-NMR £4 o] 4 1.4-25 ppm| glucan-protein complex

Table 2. Chemical composition of Gluvone”

Ingredient Total solid (%)
Carbohydrate 60.6+2.3°
Protein 31.015°
Isoflavone 2.0+0.1¢
Others 6.40.8°

UGluvone means isoflavone-conjugated glycoprotein purified
from CGP by Sephadex G-75 column chromatography.
IMean * SD (n=3). Means with different small superscript let-
ters represent significantly different at p<0.01 by Duncan’s
multiple range test.

1357 91113151719212325272931333537394143454749

Fraction Number

Fig. 4. Cytotoxic and structural character-
istics of CGP and Gluvone. A
panel, cytotoxicity of CGP against
5-180 and MCF-7 cells; B panel,
fractionation of CGP by Sephadex
G-75 column chromatography; C
panel, cytotoxicity of Gluvone

P (tube 12) on MCEF-7 cells; and D

panel, 'H-NMR spectrophoto-

metric analysis of Gluvone (500

i MHz/DMSO). Bars with different

| capital letters represent signifi-

cantly different at p<0.05 by Dun-

"” can’s multiple range test (C pan-

el). Detailed measurement and

analysis conditions were de-
scribed in Materials and Methods.

":“glncanfp rotein

signal, 4.0-4.5 ppm?l Al glucan signal, 6.0-8.0 ppml Al iso-
flavone signals <138} th(Fig. 4D). ©] 23 Z Gluvone
isoflavone®] conjugated® GPY S o5& & I TH[36, 37].

F3HE0] 60% % Gluvone® 74 F& GC (Fig.
5A) % HPLC (Fig. 5B)= ¥4{8t%laL, 1 744 & glucose7}
51%, fructose”} 47%, ribose7} 2% S Th(Table 3). Gluvone]
glucose 199 fructose iAo H7}¢ FUWFOoTRE F
e Aoz AAHUY. 283 239 ribose= ABMO] A
oA Adste Easd o FAE AdA= 423
< 5 AN

Table 3. Composition of monosaccharides and isoflavones in

Gluvone”

Component Composition (%)3)
Glucose 50.9+2.1%°

Monosaccharide? Fructose 47123 .8°
Ribose 2.0+0.2°
Daidzin 18.9£0.9¢

Isoflavone? Genistin 244+1.1°

sotiavone Daidzein 374421
Genistein 19.3+0.5°

UGluvone means isoflavone-conjugated glycoprotein purified
from CGP by Sephadex G-75 column chromatography.
IMonosaccharides and isoflavones were isolated from Gluvone
by HPLC

IMean + SD (n=3). Means with different small superscript let-
ters or same capital letters represent significantly different at
p<0.01 by Duncan’s multiple range test.
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Fig. 5. Analysis of monosaccharides
from Gluvone by GC (A
panel) and HPLC (B panel).
Detailed analysis condition
was mentioned in Materials
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and Methods.
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Ao AzA g AE¥o] Lajdtty HustoH, L3
Ao #HH TAEE chitin 3] &4 chitinaset DA &
#A} dtka Hustoh

B AFANE ABM HA ] 4 E ] XM%H ) k%ﬂ
AE7} 18,750 ml/secll 41 1,500 ml/sec(12.54] 7+4)L
A8k, o] Ml FEEFH #2§ Gluvoned 743 %L?J'i
(S-1803+ MCF-7 M % 2 S180 AI£ 2 F2% mouse BF%)
£ Uit A S 2 RH fedf 3 GP= B-(1,3)-glucopyr-
anose polymer®| B-(1,6)-glucopyranose®] 7}A& 23l S+
B-D-glucan®] ¥ Al conjugation® o )0}, EA&Fo] &
TE ggast ada dEA QIH12, 23, 46 1Y &
AT A 28 Gluvone £A#0] 9400 DaZ A A
of FAT DitE GPET AT FUYAol ¢ A
Liu 5[25]3% Cho%} Choi [5]7} B8 wpgl o] wjokEd
e ol Ao o GP EAFo| ZaEol FeAol
7h dthe Haeh dA AT, 3 Gluvoned
3 & GPl isoflavone®] conjugation® o] $1¢] iso-
flavone®] AUA E3 4 Ao2 FAHAT $o2 1 A
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NAIAY ZRA717] B2 Aoz A ATH40, 48]. O]
g} 2 F4 & 7H= GPE Lentinan (EH A A4 A), PS
(Krestin) [T EH A (Coriolus versicolor) T AA], Schlzophyl-
lan [A WP A (Schizophyllum commune) $AHA], Licovek (C.
versicolor®] A+ Wl 4E), Kp ¥ Calvaine (%3 A A
W gE) 5ol RAHATH, 11, 19, 22]. 23y £ AT A
8¢ Gluvone °l& GPee F2Y 540 tzth
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