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Characteristics of a Mureka-Forming Enzyme and Conditions of Its Production
by Molds Used for Making Koji'

Axira NisHIMURA,* Moroko Takeuchi, Takarumi Kueopera, Toru MorovosHi, and Kyoicui
Konoo (Hakutsuru Sake Brewing Co., Ltd., 4-5-5 Sumiyoshiminami-machi, Higashinada-ku, Kobe, Hyogo
658) Seibutsu-kogaku 74: 91-96, 1996.

Mureka is an unpleasant smell that develops in non-pasteurized sake and which is composed of
i-valeraldehyde (i-Val), ethyl i-valerate and 1,1-diethoxy-3-methylbutane. The main component,
i-Val, is produced by an enzymatic reaction with i-amylalcohol (-~AmOH). A mureka-forming enzyme
was purified approximately 32-fold by column chromatography on DEAE-Sepharose and Phenyl-
Sepharose, and gel filtration on Sephadex G-100. The enzyme showed high activity with i-AmOH.
The enzyme activity was inhibited by antioxidants and heavy metal ions such as Co?* and Hg?*, but
not by EDTA and o-phenanthroline. The enzyme was presumed to be a new alcohol oxidase.
Changes in the activity of the enzyme under various conditions were measured. The results showed
that the formation of mureka (i-Val) depended on the species of mold used for making the koji. Also

the activity was observed to be higher under anaerobic than under aerobic conditions.
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Isolation
A,

Yeast (S. cerevisiae)
Protoplast preparation
Burst

Cell-free extract Koji

+~AmOH (1000 ppm) added
t-Val analysis by HS-GC

Isolation
Mold (4. oryzae)

Inoculation on steamed rice

Storage for 30 d at 25°C in buffer (50 mM succinate-Na, pH 4.5, 20% EtOH)

GC Condition: system, HP5890-19395A; column, 50 m X 0.35 mm¢ Ultra 2 (HP) capillary
column; column temp., 40°C (13 min hold) to 220°C at 5°C/min with He flow 1.7 ml/min;
injection temp., 120°C; detector temp., 250°C; 1.S., 3-Pentanol.

Sample conditions: heating temp., 90°C; heating time, 30 min.

Fig. 1.
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Fig. 2. Apparatus for making koji. A, gas cylinder; B,
valve; C, humidifiers; D, culture vessel.

Scheme for measuring activity of sake-making organisms.
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chit HK-1 Bk, Aspergillus luchuensis mut. kawachii HL-1 ¥k
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Table 1. Formation of i-Val by yeast and mold. = %5
S 30
N . o
i-AmOH addition V@l formation 825t
(ppm) e
o 20}
Control + 0.0 215t
[
S. cerevisiae - 0.0 g 10}
+ 0.0 Bost}
-
A. oryzae - 0.0 0.0
0 10 20 30 40 50 60 70 80
+ 1.9 Fraction No. (50ml/tube)
i-AmOH was added at 1,000 ppm. The :-Val concen- Fig. 3. DEAE-Sepharose column chromatogram of

tration was measured after storage for 30 d at 25°C.
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mureka-forming enzyme.
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Table 2. Purification of the enzyme.
Purification step p?c?tt:iln a':c[‘t(i)\t;ly aslgtﬁfrllfti; Yield Purification
(mg) ) (mU/mg) (%) (fold)
Dialysis 2,590 0.59 0.23 100 1.0
DEAE-Sepharose 248 0.17 0.69 28.8 3.0
Phenyl-Sepharose 148 0.11 0.74 18.6 3.2
Sephadex G-100 3.4 0.025 7.35 4.2 32.0
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Table 3. Effects of inorganic salts on enzyme activity.

. Relative activit
Metal ion™ el Y

(%)
None 100
CuCl, 90
LiCl 95
AgNO, 47
MgCl, 89
CaCl, 97
CoCl, 0
CuSO, 36
ZnSO, 95
CdCl, 96
HgCl, 0
FeCl, 94

* The concentration of each ion was 1 mM.

DSORTEMELRE X NI, —F, -7 =F v bR D vV,
EDTA O % Vv — + #|% DTNB, PCMB © SH BFKIEE
B CRHERRE X BD bhind o .
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2) EERRME RFEECI~C6 DHEEDAH\ L
ARE7Vva - AT EERREYBRE L. 20
ER% Table 5 KR L. FAmMOH KA LTh - & D
BORSHEY TR L, T ORROHEMNEE®100%E LT

Table 4. Effects of reagents on enzyme activity.

Table 5. Substrate specificity of the enzyme.

Substrate* Rel ati\(rg,/o z)1ctivity
Methanol 2
Ethanol 8
1-Propanol 13
2-Propanol 21
1-Butanol 24
-Butanol 44
tert-Butanol 52
n-Amylalcohol 88
i-Amylalcohol 100
act-Amylalcohol 40
n-Hexanol 32
Glycerol 0
1,4-Butanediol 0
Phenol 0

Reagent* Relative activity

(*6)
None 100
Ascorbic acid 0
i-Ascorbic acid 0
Cystein 78
2-Mercaptoethanol 67
Potassium metabisulfate 0
Sodium bisulfite 48
O-Phenanthroline 95
EDTA 93
Sodium diethyldithiocarbamate 101
Sodium dodecyl sulfate 75
DTNB 99
PCMB 95

* The concentration of each reagent was 1 mM.

* The concentration of each substrate was 1,000 ppm.
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Table 6. Comparison of i-Val-forming activity and other enzyme activities among several strains.
Strain Mycelia AAase GAase APase ACPase  i-Val-forming activity
(mg/g) (U’g) (U’g) (Ug) (Ulg) (#mol/mg/d)

A. oryzae
RIB23 7.72 919 355 3,092 6,687 0.030
RIB40 7.92 1,520 367 3,481 7,476 0.015
RIB128 8.78 607 283 1,407 7,722 0.027
HO-1 9.00 889 76 2,713 8,208 0.018

4A. kawachit
HK-01 3.93 70 290 6,055 1,251 0.001

A. luchuensis
HL-01 3.07 129 452 7,528 2,073 0.001

AAase, a-amylase; GAase, glucoamylase; APase, acid protease; ACPase, acid carboxypeptidase.
Mycelial weight was measured by the N-acetyl gulucosamine (N-AcGlcNH,) method of Gomi et al.'?)
i-Val forming activity was measured by the HS-GC method. Kuji of each strain was cultivated for 45 h at 35°C.
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Fig. 4. Changes in i-Val-forming activity during ko
making. Symbols: O, activity; ®, mycelia; A, -Val.
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CEWTHILT AT e FeERBETHBERS 2458
CHHETAZEXZBELTWA. 92 THRRREY
Bxt, K, FRKEHET LB i-VadRE~NDOEE
EOWTHEER L. B, FREGEOBRBITIIHEKE
ED 5%, 10%, 0% DBEREREE ¥ AFEA L.
2485 B OYHE LB ¥ TR+ CERIRE20% O 7 A
¥EBRL, TORERGEDOF AT HE L 35°C—F
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Table 7. Effect of oxygen supply on i-Val forma-
tion during koji making.

Condition* Moycelia density i-Val-forming activity
(O2: Ny (mg/g) (#mol/mg/d)
5 0.020 6.0 70,020 »
Y = 20 : 80° 6.04 0.007
15 5.0% s
S0 °‘5( Jaom]|*™ S 10: 90° 5.85 0.009
g E S .
300]0. 130 g ﬂ0.0IO g 5:95 6.16 0.012
> = ~
hod 120 = * Atmospheric conditions:
0.005 - {0.00
2 121" % * Gas phase of 20% O, and 80% N (0-45 h).
< 0.000 0.0 Jo.ooo b Gas phase of 20% O, and 80% N, (0-24 h) and then

10% O, and 90% N, (24-45 h).

¢ Gas phase of 20% O, and 80% N, (0-24 h) and then
5% O, and 95% N, (24-45 h).

Koji was prepared with A. oryzae RIB128.
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