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ABSTRACT

Protein-bound polysaccahrides(PBP) were isolated, purified, and characterized from the sawdust
media after harvesting the fruit body of Flammulina velutipes. The yield of the crude PBP(Fr.CA) ex-
tracted from the sawdust media, was 0.367% relative to the original sawdust media. The total sugar
and protein contents of Fr.CA were 19.8% and 23.8% respectively. Using the membrane filtration, the
fraction of which the molecular weight is over 300 kDa(Fr.A) was isolated from the Fr.CA and the
yield was 44.6% relative to the Fr.CA. This result indicates that high molecular PBP is the dominant
components of the Fr.CA. The Fr.A was separated into three fractions(Fr.A-1, Fr.A-2 and Fr.A-3)
whose yields are 5.8%, 8.5% and 13.2% respectively. These fractions were further purified using gel
filtration, obtaining a single peak in each fraction that considered as pure PBP. Among them, the yield
of Fr.A-1-a was 20.9% relative to the Fr.A-1, and the molecular weight was 800 kDa. Monosaccharide
components such as glucose, galactose, mannose, xylose and fucose could be detected all fractions by a
HPLC analysis. Especially in the Fr.A-1-a fraction, the content of glucose and galactose appeared to
be high.
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Sample (400g)

* Extraction with 10 vol. boiling water
for 3 hours at 100°C

* Centrifugation (8000 rpm, 20min)

% Filtration (Whatman.2)

i

Filtrate Residue

% Concentration(1/10 vol.)

% Addition of 3 vol. EtOH

* Standing overnight at 4C

* Centrifugation (15000 rpm, 30min)

|

Supernatant

Precipitate

* Dissolve in distilled water
% Centrifugation (8000rpm, 20min)

|

Precipitate

Supernatant

% Dialysis against distilled water
* Freeze drying

Crude protein-bound polysaccharide
Fr.CA(1.464g)

Fig. 1. The extraction precedure of crude protein
-bound polysaccharides.
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Crude protein bound polysaccharide (1g)

% Dissolution in distilled water
% Ultrafiltration with Diaflo XM300

l |

Ultrafiltrate

Residual solution

% Freeze drying
* Ultrafiltration with Diaflo YM100

]

Residual solution
Negligible

Fr.A(0.446g)

Ultrafiltrate

% Dissolution in distilled water
% Ultrafiltration with Diaflo XM50

I

Residual solution

Ultrafiltrate

% Dissolution in distilled water

% Ultrafiltr.with Diaflo PM10 % Freeze drying

Fr.A-1(0.036g)

|

Residual solution

Ultrafiltrate

% Freeze drying % Freeze drying

Fr.A-11(0.18g) Fr.A-II(0.05g)

Fig. 2. Fractionation procedure of protein-bound
polysaccharides from Flammulina velutipes
by the membrane filtration.
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' Fr.A(0.3g)

# Dissolution in distilled water
* Centrifugation

! Supernatant ‘ Precipitate

* DEAE-sephadex column chromatography
% Elution with 10mM sodium phosphate buffer (pH 7.0)

I

Adsorbed (unelute)
on DEAE —sephadex

zZ

onadsorbed (elute)
on DEAE-sephadex

* Concentration * Elution with 0.2N NaCl

* Dialysis for 24 hrs. e
* Freeze drying j
Nonadsorbed (elute) Adsorbed (unelute)
on DEAE—sephadex  on DEAE-—sephadex
* Concentration
% Dialysis for 24 hrs | % Concentration

% Freeze drying % Dialysis for 24 hrs.
% Freeze drying

Fr.A-1(17.5mg) |

Fr.A-2(25.48mg) ] l Fr.A-3(39.52m)

Fig. 3. Isolation procedure of protein-bound
polysaccharides by DEAE-sephadex col-
umn chromatography.
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Fr.A—1(15mg)
* Dissolution on 10mM sodium phosphate
buffer (pH 7.0)
* Centrifugation
[ |
Supernatant Precipitate

[

Gel filtration on Sepharose 2B

% Elution with 10mM sodium phosphate buffer
(pH 7.0)

* Concentration

% Dialysis for 24 hrs.

* Freeze drying

Fr.A-1-a(3.14mg)

Fig. 4. Purification procedure of protein-bound
polysaccharides by gel filtration chroma-
tography.
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Table 1. Yield of crude protein-bound polysac-
charides extracted with different etha-
nol concentration.

. Yield
Ethanol concentration(%) wile) %
30 0.032 0.008
50 0.112 0028
70 0.468 0.117
95 1464 0366

Table 2. Total sugar and protein contents of each

fraction from F. velutipes. (Unit: %)
. Ethanol concentration Contents
Fraction . -
for extraction(%) total sugar total protein
Fr. CA 30 3 19
Fr. CA 50 25 305
Fr. CA 70 31 213
Fr. CA 95 198 238
Fr. A 9% 291 252
Fr. A-1 9% 336 73
Fr. A-1-@ 9% 379 1.2
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Solvent : 0.01M sodium phosphate buffer(pH 7.0)
Flow rate : 1.62ml/min
Volumn : 4ml/tube

Fig. 5. The DEAE-sephadex ion exchange chro-
matography of Fr.A eluted by 0.01M sodi-
um phosphate buffer(pH 7.0).
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Solvent : 0.2N NaCl

Flow rate : 2.29ml/min

Volumn : 4ml/tube

Fig. 6. The DEAE-sephadex ion exchange chro-
matography of Fr.A eluted by 0.2N NaCl.
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Solvent : 0.01M sodium phosphate buffer(pH 7.0}
Flow rate : 0.34m/min

Volumn : 4ml/tube

Fig. 8. The Sepharose 2B gél filtration chroma-
tography of Fr. A-1 eluted by 0.01M sodi-
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Fr.A-1-a
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0.2} 40.2 J
s 0.1h 40.1

2

15 20

Solvent : 0.5N NaCl
Flow rate : 2.2ml/min
Volumn : 4ml/tube

Fig. 7. The DEAE-sephadex ion exchange chro-
matography of Fr.A eluted by 0.5N NaCl.
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Solvent : 0.01M sodium phosphate buffer(pH 7.0}
Flow rate : 0.23m/min
Volumn : 4ml/tube

Fig. 9. The Sepharose 2B gel filtration chroma-
tography of Fr. A-2 eluted by 0.0IM sodi-
um phosphate buffer(pH 7.0).
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Fr.A-3-a
e
L
€
E o6t {os E
2 -
o F
« =
a a
e . O
0.41 Jo.4 [
0.2} 0.2
1. A { ] A
10 20 30

Tube No
Solvent : 0.01M sodium phosphate buffer(pH 7.0)
Flow rate : 0.3m/min
Volumn : 4ml/tube

Fig. 10. The Sepharose 2B gel filtration chroma-
tography of Fr. A-3 eluted by 0.01M sodi-
um phosphate buffer(pH 7.0).
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Fig. 11. Determination of molecular weight of Fr.
A-1-aby Sephadex 2B gel filtration.
Vo :void volum
Ve :elution volumn of each protein
a :bule dextran(MW 2,000,000}
b:thyroglobulin bovine(MW 669,000)
¢ :alcohol dehydrogenase(MW 150,000)
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Table 3. Monosaccharide composition of each
fraction isolated from the sawdust myce-
lia of Flammulina velutipes.

(Unit: %)
Fraction Glucose Galactose Mannose Xylose  Fucose
CA 2169 30.57 35.12 458 8.04
A-1-¢ 36.41 4539 467 490 863
A-2-a 1149 39.52 36.04 523 772
A3-@ 1465 2506 4756 471 802

Table 4. Amino acid composition of each frac-
tion isolated from the sawdust mycelia
of Hammulina velutipes.

(Unit: %)
Amino acids FrCA FrA-1-a¢ FrA-2-¢ FrA-3-a
Aspartic acid. 13.52 790 1088 13.78
Glutamic acid 15.41 1464 1540 18.14
Serine 861 912 1420 846
Glycine 156 7.19 15.11 15.05
Histidine 2.74 087 4.20 3.31
ArginineThreonine 768 646 7.20 5.70
Alanine 951 1008 6.12 617
Proline 5.79 1693 3.28 284
Tyrosine 1.33 278 221 219
Valine. 5.77 544 553 5.99
Methionine. 097 362 185 312
Cysteine 0.14 ND* ND ND
[soleucine 248 564 231 245
Leucine 281 5.26 5.17 481
Phenylalanine. 1.84 289 246 345
Lysine 58 1.19 406 456

* ND:not detected

FTHAS 78 3o A e Tt as
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CA9 < % sz Ae Fo 19.8%, Foud
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22k 300 o]4ke] Fr.AR-Zo| 44.6% % A3}
of REat it Rol FAEYE o4 = dddh

Fr. AE DEAE-sephadex column chromatogra-

Korean J. Biotechnol. Bioeng.

phy® F2j3t A3 A7 E8e] FrAE 7T
5.8% (Fr.A-1), 8.5% (Fr.A-2), 13.2% (Fr.A-3) 2
SE2 dojAr}. o]F £8E sepharose 2B gel fil-
trationo 2 A A £ dd P io
peak g A& T UslEd ¢lF F FrA-1-¢9 %
& FrA-1% 71502 209%0°]3lon Exjeke
800iDaA = ict. iR ddF 24 BE
284 glucose, galactose, mannose, xylose®
fucose 9 5&757} 7#4E59lo v E3| neutral poly-
saccharide® 89} Fr.A-1-adl4]= glucosed} ga-
lactose 9] Feko] Ao B FA Jelydd.

ok

Fae

1. T. Fujiwara et al. (1982), Chem. Pharm. Bull.,
30(11), 4025.

. Y. Nishikawa, K. Ohki, K. Takahashi, G.
Kurono, F. Fukuoka and M. Emor1(1974),
Chem. Pharm. Bull., 22(11), 2692.

3. %5, AEA, 2747, A5H(1989), B E
sha}s(7), 21(5), 595.

4. K. Tadashi, 1. Masahiko, N. Katsuyuki, H.
Chihiro and U. Shigeo(1988), Chem. Pharm.
Bull., 36(8), 3032.

5. N. Ohno, I. Suzuki and T. Yadamae(1986),
Chem.Pharm.Bull., 34(3), 1362.

6. O. Tashihiro, T. Kohj, W. Akinori, K. Gosel,
T. Sumiaki, Y. Toshiro and N. Kikuo(1988),
Chem. Pharm.Bull., 36(11), 4512.

7. k47 (1992), gh-Feh 3] A, 20(2), 154.

8. K. Fukuda, T. Uematsu, A. Hamada, S.
Akiya, N. Komatsu and S. Okubo(1975),
Chem. Pharm. Bull., 23(9), 1955.

9. T. Mizuno, K. Ohsawa, N. Hagiwara and R.
Kuboyama(1986), Agric. Biol. Chem., 50(7),
1679,

10. 1. Hishida, H. Nanba and H. Kuroda(1988),
Chem. Pharm. Bull, 36(5), 1819.

11. T. Kiho, M. Sakushima, S. Wang, K. Nagai
and S. Ukai(1991), Chem. Pharm. Bull, 39
(3), 798.

12. C. Zhuang, T. Mizuno, A. Shimada, H. Ito, C.
Suzuki, Y. Mayuzumi, H. Okamoto, Y. Ma
and J. Li(1993), Biosci. Biotech. Biochem., 57
(6, 901.

oo



Vol.10, No.5

13

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

24
25

. K. Saito, M. Nishijima and T. Miyazaki
(1989), Chem. Pharm. Bull., 37(11), 3134.

Y. Yoshioka, T. Sano and T. lkekawa(1973),
Chem. Pharm. Bull., 21(8), 1772.

B. K. Kim, E. K. Park and M. J. Shim(1979),
Arch. Pharm. Res., 2, 145.

S. A. Lee, K. S. Chung, M. J. Shim, E. C.
Choi and B. K. Kim(1981), =783z, 9
(1), 25.

W. B. Hong, K. S. Chung, M. S. Woo and B.
K. Kim(1982), gh=-#4} 3] %], 10(4), 147.

H. J. Cho, M. J. Shim, E. C. Choi and B. K.
Kim(1988), #=-748 3} %], 16(3), 162.

uhs, oAk, oA, A, o4 (1992),
73] A, 20(1), 72.

J. W. Hyun, E. C. Choi and B. K. Kim(1990),
g3} 3] =], 18(2), 58.

S. D. Kwag, J. W. Bok, J. W. Hyun, E. C.
Choi and B. K. Kim(1992), g=73+3| ], 20
(3), 240.

M. S. Woo(1983), gh= 3] %], 11(4), 147.
K. L. Lee, C. O. Lee, H. W. Kim, J. W. Kim,
S. W. Kim, E. C. Choi and B. K. Kim (1985),
=73, 13(1), 11.

. W. H. Park(1982), 2¥&+3] %], 26(3), 185.

. Y. Yoshioka, R. Tabeta, H. Saito, N. Uehara

26.

27.

28.

29.

30.

31.

32.

33.

34.

39.

597

and F. Fukuoka(1985), Cabohydrate Res., 140,
93.

T. Ohkuma, K. Otagiri, T. lkekawa and S.
Tanaka(1982), J. Pharm. Dyn., 5, 439.

S. O. Yanagi and 1. Takebe(1984), Appl.
Microbiol. Biotechnol., 19, 58.

M. F. Chaplin and J. F. Kennedy(1986), Car-
bohydrate analysis, actical approach, p.2, IRL
Press, Oxford and Washington DC.

M. M. Bradford(1976), Anal. Biochem., 72,
248.

T. G. Cooper(1977), In the Tools of Biochemis-
try, p.136, A wiley interscience publication,
N. Y. and London.

S. Hirase, S. Nakai and T. Akatsu(1976),
Yakugaku Zasshi, 96(4), 413.

H. Shinohara, N. Ohno and T. Yadomae
(1988), Chem. Pharm. Bull., 36(2), 819.

N. Chno, K. Kuracki and T. Yadomae(1988),
Chem. Pharm. Bull,, 36(3), 1016.

Y. D. Park, Y. K. Hong, W. K. Whang, J. D.
Huh and S. Park(1989), §+=2738-3]7], 17(4),
223.

G. Wang, J. Zhang, T. Mizuno, C. Zhuang, H.
Ito, H. Mayuzumi, H. Okamoto and J. Li
(1993), Biotech. Biochem., 6, 894.



