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Summary

As a study on the konjak mannan-hydrolyzing enzymes from Aspergillus awamori,
the culture conditions for enzyme formation, purification and properties of the enzymes
and the effect of gamma-irradiation on the enzymatic hydrolysis were investigated. The
results are summarized as follows:

1) A strain of A. awamori was selected as having the highest productivity of mannan-
ase among 81 species of molds.

2) The optimum conditions for solid culture on wheat bran were 3 days of culture
period, pH 4 of spraying water and 100% addition of tap water.

3) The optimum conditions for shaking culture were 6 days of culture period, addition
of 0.1% xylose plus 0.5% konjak mannan and of 0.04% peptone.

4) Konjak mannan-hydrolyzing enzymes were separated into fraction I and fraction II
by ammonium sulfate fractionation and DEAE-Sephadex column chromatography.

5) Fractions I and II showed pH optima of 4, pH stability of 3.5~5 and 3~6 and the
extent of hydrolyzing konjak mannan 9% and 50%, respectively.

6) Hydrolysis of konjak mannan by a crude enzyme preparation was partially accerela-
ted by gamma-irradiation of substrate above 0.5 Mrad and the effect was more remarka
ble by irradiating in wet state than in dry state.

7) Gamma-irradiation of konjak mannan brought about the increase in reducing power
and decrease in viscosity and the effect was more remarkable in wet state than in dry
state.
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Figure 1. Time course formation of mannanase
by several molds
O—0Q A. awamori; @—@ A. niger;
A—A A, fonsecaeus; Xx—X A. sp.
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Table 1. Mannanase activity of some molds in

wheat bran culture

Microorganism Units/g dry medium
Aspergillus awamori 16. 4
Aspergillus clavatus 6.8
Aspergillus fonsecaeus 11.2
Aspergillus niger 13.4
Coniothyrium sp. 14.8
Mucor racemosus 6.0
Neurospora sitophila 5.6
Penicillium camenberti 2.4
Penicillium frequentans 4.8
Rhizopus delemar 5.2
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Figure 2. Effect of the amount of water added

to wheat bran on the production of

mannanase by A. awamori
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Figure 3. Effect of pH of water added to wheat
bran on the production of mannanase

by A. awamori

Table 2. Production of mannanase by A. awamori
in shaking culture

Culture period Enzyme activity

(days) (munits/ml culture filtrate)
3 82
4 94
6 176
7 157
10 144
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Table 3. Effect of additional carbon source on
the formation of mannanase by A.
awamori in konjak mannan-containing

media

Carbon source  Concentration  Enzyme activity
(% (munits/ml

culture filtrate)

Konjak mannan only 0.5 176
Sucrose 0.5 233

Galactose 0.5 274

Glucose 0.5 285
Guar gum 0.1 293
Guar gum 0.5 358
Guar gum 1.0 456
Xylose 0.01 81
Xylose 0.05 163
Xylose 0.1 472
Xylose 0.5 358
Xylose 1.0 293
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Table 4. Effect of nitrogen source on the forma-

tion of mannanase by A. awamori

Nitrogen source Concentration Enzyme activity

as N (%) (munits/ml
culture filtrate)

NH,C1 0.04 163
(NH,),C0s 0.04 98
NH,NO; 0.04 65
(NH,),50, 0.04 65
NaNO, 0.04 98
NaNO; 0.04 456
Urea 0.04 98
Yeast extract 0.04 65
Peptone 0.02 163
Peptone 0.04 684
Peptone 0.10 358
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Table 5. Fractionation of mannanase activity by ammonium sulfate (Total volume: 50 ml)

% saturation with Activity Total Protein Specific activity Yield
ammonium sulfate (units/mi) units (mg/ml) (units/mg protein) (%)
Original 1.22 61.0 7.02 0.17 100
0—30 0.09 4.5 0.75 0.12 7
30—40 0.09 4.5 0.27 0.33 7
40—50 0.30 15.0 0.75 0. 40 25
50—60 0.21 10.5 1.02 0.21 17
60—70 0.24 12.0 0.18 1.33 20
70—80 0.19 9.5 0.87 0.22 16
0—40 0.18 9.0 1.02 0.18 15
40—80 0.94 47.0 2.82 0.33 77
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Figure 7. Hydrolyses of konjak mannan and
guar gum by mannanase fractions

BRAcEgpate]l 9§ A4 & konjak mannan &
8%MNA AFERAD F AR e g &
DEAE-Sephadex column o &8}l RIA A fract-
ion I, I+ 22 9%9 50%744 EHAD 5 9
Ak, webA fraction I, I 7474 o9& Adg
7t E4ZA F#E endotypeolm HEE exo-
type o] obl7} HHE T, o] & Fao] g s4:
o A4EE BddEzg BRI & Aem
AZtEch. 39 galactomannan gl guar gum &
fraction I, Il o] 2)8ted A9 u) 3} 14%9 11
%4 5= =T ol = galactoseo] )3 4
Beol &3t mago] Az Q& Aol oy
7t A2

(6) konjak mannan 2| 250 0| X &= H§Ee
g
7)) ZeHgRsE konjak mannan o] &4 A4
|

konjak mannan-& AzA4d (% 11.4%)9) A
0.5, 1, 2, 5 Mrad 9 Zeld o2 WEISIs 0.5%
B F 2o 4] mannanase MR o sl A4
THEE 548 AF& Figure 85 e}, ofo] o
3%l konjak mannan 9 E4F SR = 7baka
g zate] e %7 FAHE AL & F AR
. 22l 0.5 Mrad o] Al A IBEHEES Rold
=g W3 A ddt

= konjak mannan & AzAH, 4l Ez Kk
FA R e, KFAZ F boiling water bath o} A
1087 #9l AuolA 2Mrad9 ZHutdoz B

0
60
0
P ao
o] o o NON-IRRADIATED
g ———¢ 05 Mrad
z a——a 1.0 Mrad
e S———a 2.0 Mrad
o

Yoy 5.0 Mrod

N
o

[+ | 2 3
REACTION PERIOD (HOURS )

Figure 8. Hydrolysis of gamma-irradiated konjak

manuan by a crude mannanase preparation

— 204 —



HAA F mxAd g3t AedEd: EAE
A#E Figure 99 ZoF. ool 984 XxFn € 8
{tA 71 konjak mannan & Az ARt &7
2 RN LS 2 e dxAEY FE
o2 Qste] BAHRRSA free radical o] A=
of BAFEE ) 4% HEAd v wsst
dolgs] =jEol ol FZHr,

% HYDROLYSIS

/ %
. ;/O
40 /
)
&
4
o / ow—s NON=IRRADIATED
2 / o0 2Mrad IN' DRY STATE
/ A~n 2Mrad IN SWOLLEN STATE
5 o~A2Mrad IN SWOLLEN AND
HEATED STATE
0 2 ’ ' 3

)

REACTION PERIOD { HOURS)

Figure 9. Enzymatic hydrolysis of konjak mannan
irradiated in different states

) 7ohgEatdt konjak mannan & BT 2
FirE W)

konjak mannan & Az e 2 KFAeio] A 7
wigo 2 BEtsls 0.5% LN NaOH ¢ d o2 gtE
F Somogyi 4 AW o E H4HL AHF AAY
0.2% 1N NaOH $d o2 3 A3le fiES: =34
% A 3}+E Figure 103+ 7o),

ol &kl ZrlAd Bl st BRAHA F
7A7b g ed Azdd Asud Kl As
A 2 5378 & A B F A =3

- [
RE S
l g
=]
St wo &
£ 8
k—s N cz>
-8 08 E
{ WET &
e g
173
Zely g
B h o PRY s 0.6 S
> ‘é §
23 Y 0.4 5
L e, 2
E2tng Te.pry 028
WET teoeaniin 2
e e
o ] 2 3 4 £
IRRADIATION DOSE { Mrad )
Figure 10. Changes in reducing power and

viscosity of konjak mannan by gamma-
irradiation

)

{

konjak mannan & ZirlAdREEfel 9 3te] W 2
HiEd BTE 298z 53 Afddgd49

Batel g3t = walsl dAGAS.

o] 49 A3}z rol konjak mannan & ZHu}4l R
giol ostel BEES Aa= e Aoz Axdsdg
Zul A & WgE konjak mannan & &4 895 o
ZAd e BES BEGEL Fadnzd Had
9T Fgo] v LoldA HE Aoz J2d,

2 o

Aspergillus awamori 7} A 248} = konjak mannan
TR 23 dFEA EiNAzA, ma
g A4 9 AA, B4 6= guby B
9 dFE 2] ST Fe AsE dgld.

1) B8k 809971 % konjak mannan &3] & 4
5 g Jaste Aoz A awamori 2 A AT
Ak,

2) A, awamori & WAL AN ERE AL 3
A ke 3, #Ke pHE 4, BkES 100
%7} 7Y% F%keh.

3) A. awamori & YA RBH G} A Ax
e 69, EASM A8 BnpEREes
E xylose 0.1%, ZRE L2 & peptone 0.04%7}
7t3 E%+.

4) A. awamori & A &FE] A konjak man-
BT 2 DEAE-Sephadex
column chromatography o] 9] gle] f&8lslz frac-
tion I} fraction [ & =3t}

5) fraction I3} fraction II8 F g4 pH=
EF 4old = pHRER S = 47 3.5~5 2 3~6
°]4l o5} konjak mannane] HE SR rs 2
7 9%, 50%, guar gumol W AL 27 149,
11%°] A +t.

6) HEEmel 3t konjak mannan &) slE53)
E¥ 0.5 Mrad o] 49 vl JHEate] o sle] <kz
ZRF 00 55 KA Batd 9o
2 &35 dA A

7) konjak mannan 9] Zvld WEEE Kl o)
BILNE7HE A3 809 Az4g2dEs K
Aol 4 2 w37k AAsAT.

nan £ A A E

2 oE s
1) Nishida, K. and Hashima, H.: J. Dept. Agr.

Kyushu Imp. Univ., 2, 227 (1930) (Chem.
Abstr., 25, 498 (1931)],

— 200 —



2) Smith, F. and Srivastava, H. C.: J. Am. Ch-
em. Soc., 81, 1715 (1959).

3) Bourquelot, E, and Herissey, H.: Compt. Re-
nd., 129, 614 (1899).

4) Lee, S. R.: Ph. D, Thesis, University of Min-
nesota, Minneapolis (1965).

5) Reese; E. T. and Shibata, Y.: Can. J. Micro-
biol., 11, 168 (1965).

6) WA : BILBEIE, 7, 1 (1966).

7) Innami, S.: Agr. Biol. Chem. (Tokyo), 25,
155 (1961).

8) Innami, S., Suzuki, T. and Sahashi, Y.: Agr.
Biol. Chem. (Tokyo), 25, 164 (1961).

9) Perila, O. and Bishop, C. T.: Can, J. Chem.,
39, 815 (1961). ’

10) Bouveng, H. O., Iwasaki, T., Lindberg, B. and
Meier, H.: Acta Chem. Scand., 17, 1796 (19
63).

11) Kato, K., Watanabe, T. and Matsuda, K.:
Agr. Biol. Chem. (Tokyo), 34, 532 (1970).

12) Tsujisaka, Y., Hiyama, K. and Takenishi, S.:
Agr. Biol. Chem. (Tokyo), 46, 155 (1972).

13) HEAZRER AT 8ys : ARABLE

- (BEEE, HED p. 587 (1952).

14. Somogyi, M.: J. Biol. Chem., 198, 19(1952).

15) Nelson, N.: J. Biol. Chem., 153, 375 (1944).

16) Lowry, O. H., Rosebrough, N.J., Farr, A. L.
and Randall, R. J.: J. Biol. Chem., 193, 265
(1951). o

17) Miller, G, L.: Anal. Chem., 31, 964 (1959).

— 206 —



