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Characteristics of Crude Protein-bound Polysaccharide from
Agaricus blasei Murill by Extraction and
Precipitation Conditions and Its Antitumor Effect

Joo-Heon Hong, Kwang-Sup Youn', and Yong-Hee Choi*

Department of Food Science and Technology, Kyungpook National University
'Faculty of Food Science and Industrial Technology, Catholic University of Daegu

Efficient extraction method of crude protein-bound polysaccharide (CPBP) from Agaricus blasei Murill was
established. CPBP yields by ultrasonic and hot water extractions were 13.0 and 7.8%, respectively. Pressure
extraction for 3 hr gave the highest B-glucan content; no significant difference was observed between 2 and 3 hr
extraction. Four volumes added ethanol gave the highest yields of CPBP and B-glucan contents at 10.89 and
35.97%, respectively. Decomposition temperature of CPBP was 240-365°C, showing relatively good thermal
stability. In SRB (sulforhodamine B) assay, CPBP treatment at 1,000 pig/mL for 72 hr inhibited proliferations to
A549, MCF-7, and AGS cancer cells by 43.9, 21.4, and 32.5%, respectively.
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Aguaricus blasei powder
f
Powder : water (1 : 20, w/w)

Extracted with various conditions

Extraction
|
Concentration (1/3 volume)
|
Addition to 4 volumes of ethanol

Standing overnight at 4°C for lday

Centrifugation
|
Precipitation

Dialysis in distilled water

Freeze drying
I
Crude protein-bound polysaccharide

Fig. 1. Process for extraction of crude protein-bound
polysaccharide from Agaricus blasei Murill.

(NaBH)E $H9A17]50 acetic anhydride® acetylations}e] sugar
alditol acetate® AT} A% sugar alditol acetateE chloro-
form&. % FZ3Fod GCHP6890, Hewlett Packard Co., Cam-
bridge, MA, USAREAE A3tvt GCEAT S fused silica
capillary SP-2330(0.32 mmX30 m, Supelco Co.) columns AR
89957 carrier gast He, detectort= flame ionization detector$d
om column 233 Z7)9] 2000CE 287 FAAIF]IZ 4°C/min
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chrom 20, Biotech. Co., Zurich, Switzerland)® HAI8Fich &
282 amino acid analysis column Na form(d4.6X250
mmye AREEIE e ol F A2 buffer A(0.2M sodium citrate,
pH 3.20), buffer B(0O2M sodium citrate pH 4.25), buffer C
(I2M sodium citrate pH 4.25), buffer D04M sodium
hydroxide)s &%@o= &3¢t &do= som, {F5& 04
mL/min, AR Uslolzg] BAAZe 2802 13

B-Glucan &2
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2hell W} Megazyme B-glucan kit(Megazyme Pty. Ltd.. Aus-
tralia)Z AFR-t] 2459t &, Al 0.2 g0 ethanol(50%, v/
V)& 71k % lichenase(1000 U/mL, Megazyme Ltd. )9} B-
glucosidase(40 U/mL. Megazyme Lid.)yg 7Fsle] 7}rislE 3t
510 nmmellM FE=E SAs
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Table 1. Chemical properties of crude protein-bound polysaccharide (CPBP) from Agaricus blasei Murill by various extraction

conditions
Extraction conditions CPBP yield (%) Sugar content (%) Protein content (%)

30 min 9.43+0.17% 60.3841.52¢ 10.79 £0.52¢
Pressure” 1 hr 9.86i().2|‘f° 6533+ 1.65’h 1!.59i0.32§"

2hr 10.01 £0.11¢ 72.04+1.89* 11.87£0.11

3hr 10.58 £0.24" 7344+ 1.04 10.27£0.28¢

Hot water 100°C, 3 hr 7.80£0.16° 58.70+1.23¢ 8.8310.39°
Ultrasonic 25°C, 3 hr 13.0£0.53" 5879 £1.51¢ 21.911£0.95"

PExtraction at 150 KPa.

“The same superscripts in the same column are not significantly different at 5% level by Duncan’s multiple range test.

The values are mean+S.D. of 3 replications.
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Table 2. Monosaccharide composition of crude protein-bound polysaccharide from Agaricus blasei Murill by various extraction conditions

Monosaccharide composition (%)

Extraction methods

Fucose Galactose Glucose Mannose
30 min 2.95+0.05” 1647 £0.14° 81.44+ 138" trace
- I hr 4.50£0.06° 10.68 +0.07° 8154+ 133 328 +0.06"
ressure 2 hr 473+0.03¢ 9.93+0.05 82.56 + 1.49% 278 +0.03¢
3hr 416008 9.17£0.05' 83.80 +2.14° 2874003
Hot water 100°C, 3 hr 4.98+0.08 11.60£0.13¢ 80.90+0.87° 2.52+0.05°
Ultrasonic 25°C, 3 br 5.09+0.05 1268 £0.16° 7740+ 1.12° 482 +0.06'

DExtraction at 150 KPa.

*The same superscripts in the same column are not significantly different at 5% level by Duncan’s multiple range test.

The values are meant S.D. of 3 replications.

Table 3. The content of total amino acids of crude protein-bound polysaccharide from Agaricus blasei Murill by various extraction conditions

(unit: mg/g)
Extraction conditions
Amino acid Pressure" Hot water Ultrasonic
30 min I hr 2 hr 3hr 100°C, 3 hr 25°C, 3 hr

Aspartic acid 11.54 12.44 12.28 10.17 7.56 30.43
Threonine 4.64 5.18 5.41 5.35 373 14.15
Serine 3.76 3.99 4.36 5.02 4.25 15.32
Glutamic acid 16.03 16.28 15.80 13.56 10.96 41.37
Proline 7.34 5.89 8.14 2.61 2.19 6.37
Glycine 7.34 7.39 6.66 4.89 494 15.16
Alanine 6.20 6.58 6.65 6.05 3.82 17.64
Valine 5.52 277 4.59 3.39 2.13 13.42
Methionine 1.16 1.20 1.26 1.10 0.83 4.13
Isoleucine 3.78 4.50 4.73 3.86 2.11 13.27
Leucine 5.52 6.37 6.57 5.65 3.08 21.04
Tyrosine 1.14 1.38 1.44 1.68 1.09 6.41
Phenylalanine 3.36 3.89 4.16 3.87 229 13.45
Histidine 2.68 295 3.14 2.94 1.70 7.77
Lysine 7.28 7.66 7.43 6.06 4.51 18.81
Arginine 4.66 517 5.01 4.21 3.17 16.52

Total 91.92 93.65 97.64 80.42 58.36 255.26

YExtraction at 150 KPa.

1647%= o] FEo] AUSITh Mizuno(lyE op7F] 2w Al
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xylose®2 A5 Al sk HAFF wet
& AAdT FE wE opuliedt RS #
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WAt ZAES acidic side chaing 7FAE  aspartic acid 2}
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Table 4. B-Glucan and uronic acid content of crude protein-bound polysaccharide from Agaricus blasei Murill by various extraction conditions

Extraction methods B-Glucan (%) Uronic acid (Lg/mg)
30 min 25.77+1.232 26.79+1.35°
Pressure” 1 hr 2974+ 1.17° 34.3+0.95°
2 hr 32.28+=1.05 35434 1.09"
3hr 32341100 3594124
Hot water 100°C, 3 hr 24324128 28.611.44°
Ultrasonic 25°C, 3 hr 19.03 + 1.49° 4.5+0.71¢

"Extraction at 150 KPa.
“The same superscripts in the same column are not significantly different at 5% level by Duncan’s multiple range test.
The values are mean+8.D. of 3 replications.

Table 5. Chemical properties of crude protein-bound polysaccharide (CPBP) from Agaricus blasei Murill by added ethanol ratios

Solvent ratios (Extract : Ethanol) CPBP yield (%) Sugar content (%) Protein content (%)
1:1 9.74+047" 78.25 1 1.45" 5.19+046°
1:2 10.12 £ 0.66® 6045217 7.03£0.33¢
1:3 10.59 +0.25* 62,411+ 1.29° 10.04+0.21¢
1:4 10.89+0.31" 69.1+2.29° 11.92+0.19"
1:5 10.28 £0.45% 70.08 £2.35° 13.97+0.14*

Agaricus blasei Murill by added ethanol ratios.
"The same superscripts in the same column are not significantly ditferent at 5% level by Duncan’s multiple range test.
The values are mean£S.D. of 3 replications.

Table 6. Monosaccharide composition of crude protein-bound polysaccharide from Agaricus blasei Murill by added ethanol ratios

Solvent ratios Monosaccharide composition (%)
(Extract : Ethanol) Fucose Galactose Glucose Mannose
1:1 4.70+£0.02°" 10.72£0.12¢ 8232113 226+0.03°
1:2 5.05£0.04° 10.55£0.14* 81.34£1.05" 3.07£0.02°
1:3 5.01£0.08 10.3940.05" 80.58 £0.68" 4.02+£0.05°
1:4 5.18£0.05" 9.33 £0.09° 80.61+0.71* 4.88+0.04"
1:5 5.07£0.05" 9.25 £0.08° 80.72+0.92¢ 4961004

"The same superscripts in the same column are not significantly different at 5% level by Duncan's multiple range test.
The values are mean£S.D. of 3 replications,

B o2 Wol o] &Y Y YLEEEHT} 259 o]ate] shak A &2 AT gujo] 54 Wik der) gle AAE O
F7HE 4g 7 UJYTh B-glucan T E%JP—?‘* oA 19.03% S ARSI o e & HAHEFL JulhdEor o
2 7P W), ole 25 FEEEE olgsle] & R o)az, o7je] YR vy Fo] xEEo] vy e <)
® zeTigRe] A o glafe] rixo = 14040“4 s th FEFEhol] dis] Fd &nl ofgke vk vigo] 7t
WAFro] Bo] FHrEo] A7) WiEelglar ARSEIY, B-glucan Sholl whet Zehilthd R o] Zvlkel o, 4 w9 oeke
o] g2 glucose™ TAE thdRelr RrEs 9ok Uronic 5‘47}01]*1 10.89%% 7H¢ FE480] =3tk Maziero2} Bononi

@
rll

acid P& 283 FEHM 4SugmeO® 7hE A5 718
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é L rfo du = g
ol H—I

2 = i} ghare
zAeE AHAHIE & 5 Ak HA7relA 7825%% 7Y @ol Exo]l dlon vmx
AAzANM = A fojiko] Z71E4E Z7VsR= Aol
E¥ =20 2 =chCiebRo| SiEty Sy 3 60%01 ] we FEg Bk vl gheke suf Aol
2P 78, T ¥F % DAFF: A4E FE2 0 A 1397%2 7Y wol FREdy AdeviEge] S
oAl Aozl F2EEo] it Fdzded W chiithd R Z7kekelet.
ol &, g 8 ol S Table 5ol vFERNITE FHAl W
AB g Wi SollA] ehtidaE Reshe wyer o F 2 H opegt 24 Adxde upE z2ehitigRel
FE FET U olehE R JdATE o] F2 o] 8 G oolu b AL Table 6, 70 YERNSITTH ;Mg%% A
shen, dojdl Yol FYrAE A= whrhHe o g Aot 3 24 2H7 glucose(80.58-82.32%), galactose(9.25-
WA o & QA Arh30,31). HF fehe-e ol EHT} F 10.72%), fucose(4.70-5.18%) % mannose(2.26-4.96%)°] 3 2.5
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Table 7. The content of total amino acids of crude protein-bound polysaccharide from Agaricus blasei Murill by added ethanol ratios

(unit: mg/g)

Solvent ratios (extract : ethanol)

Amino acid
1 2 3 4 5

Aspartic acid 5.69 7.38 7.79 12.70 14.03
Threonine 311 3.80 4.25 6.29 6.92
Serine 3.10 3.89 4.24 5.94 7.35
Glutamic acid 7.23 9.44 10.42 15.59 18.32
Proline 1.65 327 321 5.59 3.65
Glycine 298 3.81 427 6.51 7.39
Alanine 321 3.94 430 6.77 7.78
Valine 2.29 2.39 441 5.95 5.90
Methionine 0.79 0.75 091 1.36 1.63
Isoleucine 242 2.76 2.69 426 471
Leucine 3.55 3.90 397 6.23 7.01
Tyrosine 1.08 1.15 1.43 1.93 2.34
Phenylalanine 222 2.70 2.51 4.01 447
Histidine 1.77 2.17 2.05 3.51 3.40
Lysine 343 4.45 5.58 7.89 9.33
Arginine 2.67 3.31 3.67 543 6.00

Total 47.20 59.10 65.70 99.98 110.23

"The same superscripts in the same column are not significantly different at 5% level by Duncan’s multiple range test.

The values are mean=S.D. of 3 replications.

Table 8. B-Glucan and uronic acid contents of crude protein-bound polysaccharide from Agaricus blasei Murill by added ethanol ratios

Solvent ratios (extract : ethanol) B-Glucan (%) Uronic acid (4g/mg)
1:1 2573+ 1.10%" 30.95+1.83
1:2 20391 1.19° 3123+ 14%
1:3 335+1.56° 31.49+£2.20¢
1:4 3597+1.35° 3645+ 133"
I:5 3548 £ 111" 39.69+ 1.87*

"The same superscripts in the same column are not significantly different at 5% level by Duncan’s multiple range test.

The values are mean£S.D. of 3 replications.
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Fig. 2. TGA curve of crude protein-bound polysaccharide from
Agaricus blasei Murill by pressure extraction at 150 KPa for 2
hours.
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Fig. 3. Antitumor effect of crude protein-bound polysaccharide
(CPBP) from Agaricus blasei Murill against A549 (a), MCF-7
(b), and AGS (c) cell line.

CPBP was extracted at 150 KPa for 2 hours. The values are mean £
S.D. of 3 replications. Data was analyzed by student’s t-test.
*p < 0.05, **p <0.01.

rF\

N

X,

2,
N2
é.ri_",
e
o

IN'

gollAl FE7F 75kl wh ekl &
zFzE 1,000 ug/ml FEolA 65%2) 36%
At E3E Mizuno 510y o}7he]
2l kel loir w2 digdo] A
ofuf A faf chilvhE-RolM e Tl EAdol o
ol
g

Tu.
1
i
Ev

o
oX
ki
N
-
ol
N
>
o
+0 20

poi)
_(l
‘11

o L
=3

Rarolslch & Aol A b $59 9
= Zgele] ofrfe] oAl
EH?E sretg o] Hzstdont &
o] thst Bu} FHakzQ] #AHzo] o]F



2R Re) 54 2 QHE S0lH 53 593

FO

of
obrkel 2wl 68 AT

BEHQ FEFYE FgH3l] ¢k
st8ta BAE zAlslglon, & Red =
3l 54 4 SRB assayell &gk Qla) QA2
btk ek Re] FE5ES 2SS0
7 mokon), d4gFo] 78%% 7P Woth F&2HE 29
W] o 2442 oF 80%¢] glucose$t fucose, galactose 2
mannose®. T E O] AN TRtF AN 2417k 347k
22 B-glucan 3ol ZHzt 3228%9) 32.34%5 FE1gH zjo)
7 AEA] gFol 71kEE 24I7be] Ae|EA B FExA
o8 gaHoIdrt. Bet Mz wE zowchdiel A
Ae-g 2@ Bglucan L 49 H7F A 2zt 10.89%2
3597%% 7P wol HyElo] AUk dE 542 u] ¢
2 o]FoA Yo, 240-365°CNM 67.8%] FA 1AE H
olFo] & koM F4 ekgAdel Uyrk SRB assayol
o7k Qlal SHlZ A4 G398 HES A, AS49¢] ¢
LOOO pg/mL g5=ollX 724[7F A2] Aloll= 43.9%2] YAHE &
FE BTl MCE-73 AGSel vlal $HAE Z494 &7}

w2 A+ Ak

)

[}

Ho

1. Misuno T. Antitumor activity and some properties of water solu-
ble polysaccharides from fruiting body of Agaricus blasei Murill.
Agric. Biol. Chem. 54; 2889-2896 (1990)

2. Hirokazu K, Ryuichi I, Teturo K, Takashi M. Fractionation and
antitumor activity of the water-in-soluble residue of Agricus bla-
sel fruiting bodies. Carbohydr. Res. 186: 267-273 (1989)

3. Sasaki T, Takasuka N. Further studies of the structure of lentinan,
An antitumor polysaccharides from Lentinus edodes. Carbohydr.
Res. 47: 99-106 (1976)

4. Komatsu N, Okubo S, Kikumoto S, Kimura K, Saito G, Sasaki S.
Host mediated antitumor action of Schizophvilum commune.
Gann. Jpn. J. Cancer Res. 60: 557-563 (1971)

. Tsugagoshi S, Ohash F. Protein-bound polysaccharides prepara-
tion, PS-K, effective against sarcoma 180 and rat asites hepatoma
AH-13 by use. Gann. Jpn. J. Cancer Res. 65: 557-565 (1974)

6. Regina CR, Notoya M, Mario SM. Antimutagenic effects of the
mushroom Agaricus blasei Murill extracts on V79 cells. Mutation
Res. 496: 5-13 (2001)

7. Hirokazu K, Aya N, Takayuki Y, Takashi M. Isolation and prorer-
ties of a lectin from the fruiting bodies of Agaricus blasei. Car-
bohydr. Res. 183: 150-154 (1988)

. Nakajima A, Ishida T, Koga M, Takeuchi M. Effect of hot water
extract from Agaricus blasei Murill on antibody-producing cells
in mice. Int. Immunopharmacol. 2: 1205-1211 (2002)

9. Hui LC, Guei RC, Chin CC, Jeng LM. Non-volatile taste compo-
nents of Agaricus blasei, Antrodia camphorata and Cordyceps
militaris mycelia. Food Chem. 74: 203-207 (2001)

10. Mizuno M, Morimoto M, Minate K, Tsucjida H. Polysaccharides
from Agaricus blusei stimulate lymphocyte T-cell subsets in mice.
Biosci. Biotechnol. Biochem. 62: 434-437 (1998)

11.Qun D, Jian Y, Xiao Y, Jinian F. Structural characterization of a
water-soluble B-D-glucan from fruiting bodies of Agaricus blasei
Murr. Carbohydr. Res. 337: 1417-1421 (2002)

12. Mizuno T, Inagaki R, Kanto T, Hagiwara T, Nakamura T, Ito H,
Shimura K, Sumiya T, Asakura A. Antitumor activity and some
properties of water-insoluble polysaccharides from Himemat-
sutake, the fruiting body of Agaricus blasei Murill. Agric. Biol.
Chem. 54: 2897-2905 (1990)

13. Maziero R, Bononi VL. Science and Cultivation of Edible Fungi.

wn

o

20.

21

22.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

3s.

36.

37.

Balkema, Rotterdam, Netherlands. pp. 887-892 (1995)

. Cavazzoni V, Adami A, Exopolysaccharides produced by mycelial

edible mushrooms. Ttal. J. Food Sci. 1: 9-15 (1992)

-Hyun CK, Park KH, Kim YB, Yoon IH. Differential scanning

calorimeter of rice starch. Korean J. Food Sci. Technol. 20: 331-
337 (2000)

- Masayuki K, John WD. Calorimetric determination of the amy-

lose content of starches based on formation and melting of the
amylose-lysolecithin complex. J. Food Sci. 46: 765-771 (1981)

. Papazisis KT, Geromichalos GD, Dimitriadis KA, Kortsaris AH.

Optimization of the sulforhodamine B colorimetric assay. J.
Immunol. Meth. 208: 151-158 (1997)

.Mosman T. Rapid colorimetric assay for cellular growth and sur-

vival: Application to proliferation and cytotoxicity assays. J.
Immunol. Meth. 65: 55-63 (1983)

. Saha SK, Brewer CF. Determination of the concentrations of oli-

gosaccharides, complex type carbohydrates, and glyco-proteins
using the phenol-sulfuric acid method. Carbohydr. Res. 254: 157-
167 (1994) ‘

Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein mea-
surement with the Folin-phenol reagents. J. Biol. Chem. 193:
265-275 (1954)

Pamela M, Laura P. Beta-glucans in edible mushrooms. Food
Chem. 68: 315-318 (2000)

Nelly B, Gustav AH. New method for quantitave determination
od uronic acids. Anal. Biochem. 54: 484-489 (1973)

- SAS Institute, Inc. SAS User's guide. Statistical Analysis systems

Institute, Cary, NC, USA (1993)

Choi SH. Extraction and purification of physiologically active
materials from Agaricus blasei fruiting bodies. MS thesis, Sogang
Univ., Seoul, Korea (2000)

Mason TJ, Paniwnyk L. Lorimer JP. The use of ulirasound in
food technology. Ultrason. Sonochem. 3: 253-260 (1996)

Lee JH, Cho SM, Song KS, Han SB, Kim HM, Hong ND, Yoo
ID. Immunostimulating activity and characterization of polysac-
charides from Mycelium of Phellinus linteus. J. Microbiol. Bio-
technol. 6: 213-218 (1996)

Jong SC, Birmingham JM. Medicinal and therapeutic value of the
shiitake mushroom. Adv. Appl. Microbiol. 39: 152-184 (1993)

Kim GY. Park HS, Nam BH, Lee SJ, Lee JD. Purification and
characterization of acidic proteo-heteroglycan from the fruiting
body of phellinus linteus Teng. Biores. Technol. 89: §1-87 (2003)
Ballance GM, Manners DJ. Structural analysis and enzymic solu-
bilization of barley endosperm cell walls. Carbohydr. Res. 6l:
107-113 (1978)

Cho SM, Lee JH, Han SB, Kim HM. Immuno-stimulating
polysaccharides from the fruiting bodies of Formitella fraxinea
(I). Korean J. Mycol. 23: 340-347 (1995)

Park KS, Lee 1Y, Lee SJ, Kim SH, Lee JS. Extraction and sepa-
ration of protein-bound polysaccharide produced by Coriolus ver-
sicolor (Fr) Quel. Korean J. Mycol. 20: 72-76 (1992)

Chen HK. Studies on the characteristics of taste-active compo-
nents in mushroom concentrate and its powderization. MS thesis.
National Chung-Hsing Univ. Taichung, Taiwan (1986)

. Choi JM, Koo SI. Effect of B-glucan from Agaricus blasei Murill

on blood glucose and lipid composition in db/db mice. Korean J.
Food Sci. Technol. 32: 1418-1425 (2000)

Kim HH, Park SK, Kim HS. Preparation of activated coffee char
by KOH activation. Appl. Chem. 2: 1048-1051 (1998)

Abdellatif AM, Patricia RD. The effect of mixing and wheat pro-
tein/gluten on the gelatinization of wheat starch. Food Chem. 81:
533-545 (2003)

Sharma HS. Analysis of the components of lignocellulose
degraded by Agaricus bisporus and Pleurotus ostreatus. Thermo-
chim. Acta. 173: 241-252 (1990)

Chun HS, Choi EH, Kim HJ, Choi CW, Hwang SJ. In vitro and
in vivo antitumor activities of water extracts from Agaricus blasei
Murill. Food Sci. Biotechnol. 10: 335-340 (2001)

(200349 11 109 A4 20044 8% 49 Ad)



