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BIOCHEMICAL STUDIES ON THE MUSHROOMS VI

ENZYMATIC HYDROLYSIS OF RICE STRAW HEMICELLULOSE
BY MUSHROOM (AGARICUS BISPORUS) —1

’
Kazuya Hashimoto, Nobuaki Isobe and Zenjiro Takahashi

Carbohydrates are known to be the general carbon sources for the cultivated mush-
room, and the wood-destroying basidiomycetes are especially active on the hydrolysis of

hemicellulose.

In the present investigation, hemicellulase was purified from the wheat culture and the
mushroom fruit bodies by the ammonium sulfate fractionation and column chromato-
graphy with DEAE-cellulose (Table 1-3, Fig. 2-5).

The production of reducing sugars by the action of the hemicellulose preparations was
estimated under various conditions. Hemicellulose prepared from rice straw was employ-
ed as the substrate. A linear relationship between the enzyme concentration and the
quantity of xylose liberated was obtained within the range tested (Fig. 6).

The enzyme is stable below 45°C and in the range of pH from 3.4 to 5.4, whereas
it is inactivated at higher temperature and at the alkaline and the extremely acid pH

(Fig. 7,8).

The enzyme has an optimal pH of 4.8 and an optimal temperature ranging from 40
to 55°C (Fig. 9,10).

The enzyme activity increases in the presence of NaCl, but is not affected by the
presence of other salts (Table 4, Fig. 11, 12).

Hydrolysis products of hemicellulose by the enzyme are principally xylodligosaccharides
with a very small quantity of arabinose, glucose and xylose (Table 5, Fig. 14, 15).
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Table. | Fractionation of hemicellulase with ammonum sulfate

Fraction step Activity units/ml Ratio. \
0.2 saturated 0.18 1 |
0.2 — 0.4 ” 3.96 22 j
0.4 — 0.6 4 1.79 10
0.6 — 0.8 ” 1.80 10
0.8 — 1.0 ” ] 0
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Fig. 2 Chromatography of the hemicellulase
from wheat culture on a DEAE-cellulose
column

Fig. 3 Rechromatography of the hemicellulase
from wheat culture on a DEAE-cellulose
column
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Fig. 5 Rechromatography of the hemicellulase
from fruit-body on a DEAE-cellulose
column
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Fig. 4 Chromatography of the hemicellulase
from fruit-body on a DEAE-cellulose
column
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Table. 2 Summary of the purification of mushroom hemicellulase in wheat culture

Activity Total Activity Protein Specific . ~
Step No. | Vol(ml) units/ml units mg/ml activity Yield®
1 1100 2.35 2585 3.10 0.76 100 ’
2 200 10.96 2196 9.20 1. 19 85.0
3 70 11.90 833 1.18 10. 08 34.2 l
4 20 16.88 338 0.26 64,92 13.1 '
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Table. 3 Summary of the purification of mushroom hemicellulase in fruit-body

Activity Total Activity Protein Specific s |
‘, Step No. | Vol(ml) units/ml units mg/ml activity Yield% 1
| \ ‘.
‘ 1 1150 1.96 ‘ 2254 4.57 0.43 100 1
: 2 200 6.82 ' 1364 5.27 1.29 60.6 :
‘ 3 100 .47 17 0.27 26.55 31.8
’ 4 90 7.11 ! 640 0.18 39.50 28. 4
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Table. 4 Influence of salts on hemicellulase activity of Agaricus bispora

Salts In wheat culture In fruit-body

* Xylose % * Xylose %

None (control) 1.0892 100 0. 1802 100

CaCl, 1.0824 ' 99.4 0.1802 100
Ca-Ac 1.0548 96.8 0. 1830 90.5
NaCl 1.2564 115.4 0.2025 112.4
MgSO¢ 0.9740 89.4 0.1448 80.4
MnCl; 0.7672 70.4 0.1210 67.1
KC1 1.0146 93.1 0. 1906 105.8
Na.S0., 1. 1460 105.2 0.1831 101.6
EDTA 0.2116 19.4 0.0094 0.5
! ZnCl, 0.7912 72.6 0.1464 81.2

* mg/ml

*% Conc. in the reaction mixture was M/60
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Fig. 15 Separation of oligosaccharides in re-
action mixture after incubation for
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Table. 5 Relative quantities and Rx values of oligosaccharides

after incubation for 1440 minutes

Chromatography Carbon-Celite Column Paper ®)
SmgT\ C:H:OH% | o 5 15 20 25 3 35 40 Rx values
H

Arabinose + Glucose 2.53 -
Xylobiose 4.00 0.57
Xylotriose 2.07 0.36
Xylotetraose 2.29 0.27
Xylopentaose 1.05 0.17
Xylohexaose 1.10 0.11
Xyloheptaose 1.02 0.05
XyloGctaose trace —

a) The solvent was n-butanol : acetic acid : water (4:1:5)

b) Ratio of the movement of the xylobligosaccharides relative to that of D-xylose.

£ =

Ty Val— AOPEFEMBLTFREID A~ I vve — X5 BEEEEHE L, BAEHEER

&1z

EMbo LM LI~ e —XIC fEASET,

HUEEHKO—BHEEERI L.

1. HEHEOWHL~ I wiro—-XKHT 2/EAR pH4.8, BES0°C KBV TEBEZRLI:.

2. pHITHT AREKILI.4~5.4THY, BEIHT 2EEHIZI°CI0SGOMBTREERL

W, 50°C BLETIRAHKAREZELNLD, T0°CLLE 103D BTIIEELK.
3, BHWXZESEIE NaCl T - THEELEIh LIS, OB TRBALES Shiid 7.

0.4M NaCl Bino & xEHIEFER L.
4. Bbo~1tnvo—R0RREHRLE LTRBOMMICIE S ra—2R,
TEN, KIED#EFEAILF Yot —2, Ve b ) A —IBEREED,
FroA ) THEEERTACLIDABERR Y P RTHILEEEINS.
o — REBEEIMCHW Lic~ I w3

EBFEAELEL,

Ty VL= Aid, TOEBMNIEEREET S~
—FigkD A Y THEEHEL, IoREETIHOBERICE - THEBICSRL, BRIEREHh

MRS, TAAr¥—HELTRIBEIh3bDEEZ 5N B,

Lz,

BRICOWTIRE L RES%

CaCle RBEOMA&ILICHAEERZRL:.
TIE)—2A5kHRH
FYo—RD&

ROES, ARTICMEHSNIBETFSA, BREBRR, 4HETRICELBLALLETET.

— 367 —




p4 .S

1) TRESCHOW.C: Dansk Bot. Arkiv 6 1 (1944)

2) A, BFE, Mg AsE 8 353 (1968)

3) V. HARWOOD: J. Sci Fd. Agric, 5 270 (1954)

4) P.McDONALD et al. ibid., 13 581 (1962)

5) W.A. DEWAR et al.: ibid., 14 411 (1963)

6) T. NARASAKI: Tech. Bull. Fac. Agr. Kagawa Univ.: 18 16 (1966) 18 23 (1968)

7) R.L. WHISTLER et al,: J. Am. Chem. Soc.,, 77 1241  (1955)

8) L.H.SORENSEN: Nature 172305 (1953) 176 74 (1955) 177 845 (1956)

g9) M. INAOKA: ibid., 178 202 (1956)

10) M. TAKAHASHI et al,: J. Ferm. Tech., 41 (16, 118, 181, 186 (1963)

1D \HEE: BOHE, B8 X 6 90 (1961

12) S. FUKUI, M. SATO: Bull. Agr. Chem. Soc. Japan, 21 392 (1957)

13) H. HZUKA, T. KAWAMINAMI: Agr. Biol. Chem., 20 520 (1965)

14) A. KAJI et al,: Tech. Bull. Fac. Agr. Kagawa Univ, 12 265 (1960) 15 34, 40, 45
(1963) 16 143 (1965)

15) 4B, U BE{LEE, 38 580 (1964)

16) R. L. WHISTLER, M. L. WOLFROM: “Methods in Carbohydrate Chemistry” Vol.
1, New York and London, Acad, Press, p. 386 (1962)

17) SRR "BERBTR A 1p. 164 (1955)

— 368 —

w



