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ABSTRACT

Dextrinogenic and saccharogenic amylase activities of Rhizopus isolated from va-
rious substrates collected throughout South Korea are measured, and their amylase
activities are surveyed from taxonomical, ecological, and physiological viewpoints.

Among the 151 strains of Rhizopus, strain number 49 exhibiting most prominent
saccharogenic amylase activity is selected as a best strain, and strain number 17 is sele-
cted as a best strain for dextrinogenic amylase activity. Amylase activities of Rhizopus
are so variable in different strains even in the same species. In general, however,
R. japonicus, R. liquefaciens, and R. shanghaiensis show high saccharogenic
amylase activities , and R. chiuniang, R. achlamydosporus, and R. bahrnensis
show high dextrinogenic amylase activities, while R. #nigricans exhibits lower acti-
vities for both amylase.

The strains isolated from kneaded cereals, such as “meju” and “kockja”, exhibited
very strong dextrinogenic and saccharogenic amylase activities as compared with the
strains isolated from other substrates. The mean value of dextrinogenic amylase
activities of the strains from southern inland region and saccharogenic amylase
activities of the strains from middle coast region are, more or less, higher than
those of the strains from the other regions.

In the culture at 30°C, those strains which exhibit better mycelial and air my-
celial growth than sporangial formation show very high dextrinogenic and sacchar-

ogenic amylase activities.

extended by many other Japanese wor-

INTRODUCTION kers (Fukueka, 1950; Yoshida, 1958; Oishi
The series of studies on the bacterial et al., 1962). In the succeeding studies
amylase initiated by Fukumoto (1943, on the fungal amylase, Phillips and Ca-

1944) have been actively pursued and ldwell(1951) and many other workers
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clarified that Rhizopus strains produce
glucogenic amylase in addition to dextri-
nogenic amylase. Now, it is well known
that the fungal strains are used in deve-
loping better fermentation process (Wi-
ndish and Mhatre, 1965).

In our previous paper (Lee and Yoon,
1973), 151 strains of RhAizopus are isola-
ted from the various samples which are
collected throughout South Korea, ide-
ntified, and maintained. In order to se-
lect the best strains having predominant
amylase activity, dextrinogenic and sa-
ccharogenic amylase activities of these
strains are measured, and analyzed ba-
ecological and
this

sed on the taxonomical,
physiological characteristics in

study.
MATERIALS AND METHODS

1. Organisms
The 151 strains of Rhizopus
from various samples, which are colle-

isolated

cted throughout South Korea are used in
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Fig. 1. Collection areas of the samples
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this study. Collection areas of the samples
are shown in Fig.1, Original substrates
from which Rhizopus strains are isola-
ted and the regional distribution of the
species are shown in table 1 and table
2, respectively.
2. Preparation of enzyme solution

In order to prepare enzyme solution,
Rhizopus strains are inoculated in twe-
nty milliliters of culture media added
with 0.3gr sterilized calcium carbonate
and incubated for 3 days at 30°C with
shaking in 100m/ flasks. Culture medi-
um used in these experiments consisted
of 50gr soluble starch, 5gr glucose, 5gr
lgr KH.PO,, 1gr K.HPO,, 1lgr
MgSO,-7H.0, and 0. 01gr FeSO,-7H,0 per
liter. After incubation for 3 days, culture

peptone,

medium was centrifuged at 6000 r.p.m,
for 20 minutes and the supernatant was
used as crude enzyme solution.
3. Determination of dextrinogenic amylase
activity.
1M! enzyme solution was added to an
equal volume of acetate buffer (0.5M,
pH5.0) and incubated for 10 minutes at
37°C. After incubation, 2m/ of 1%
ble starch solution was added to it, and
then the mixture was further incubated
for 30 minutes at 37°C. 5M/ of 1N acetic

acid was added to the reaction mixture

solu-

It was
diluted with 50m/ distilled water, and
then 5m/ of 0.1N 1,-KI solution was
added. For the determination of dextri-

in order to stop enzyme action.

nogenic amylase activity, the optical de-
nsity was measured at 660myg and de-
xtrinogenic amylase activity was expre-
in RDP

power).

ssed (relative dextrinizing
4. Determination of saccharogenic amylase

activity.
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The saccharogenic amylase activity
was determined by the measurement of
reducing sugar as glucose.

For determination of reducing sugar,
Nelson’s method(1956) was used. 1M/
enzyme solution diluted one hundredfold
was added to an equal volume of 1%
soluble starch solution buffered by ace-
tate (pH 4.8). After incubation for 5

minutes, at 40°C, 2m! of the low-alka-
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linity copper reagent was added to the
reaction mixture, and heated for 10 mi-
nutes in boiling water bath, After coo-
ling, 2mi/ of arsenomolybdate reagent
was added. When all the cuprous oxide
was dissolved after mixing, the solution
was diluted to the 25m/ mark on the
test tube and then allowed to stand at
least 15 minutes.

Optical density was

measured at 500mge.

Table 1. Distribution of Rhizopus species in various substrates from which Rhizopus strains

were isolated.

[} ! 7 T
. — £é% 58|82 £ | 2 (EE|E° £ %
Species — BEHEP|R | & < £%|E |34
> i
R. nigricans ‘: 8 1 3 ‘ 1 6 6 2 51 32
R. formosaensis | | | 1 1 3
R. achlamydosporus 1 1 1 3
R. iritici ! 5 1 5 3 3 17
R. javanicus | i 2 1 3
R. chiuniang ] 1 1
R. acidus ‘ 1 2 4 2 9
R. chinensis 1 1
R. oryzae 5 1 3 2 1 2 1 15
R, delemar 1 1
R. chungkuoensis 4 1 3 2 3 13
R. hangchow 1 1
R. japonicus 1 2 3
R. bahrnensis 1 1 2 1 1 6
R. lonkinensis 2 1 3
R. arrhizus 1
R. niveus 2 2
R. shanghaiensis 1 1
R. liquefaciens 1 1 1 3
Unidentified strains 12 1 7 3 6 1 3| 33
Total 41 9 2 36 17 22 11 131 151
RESULTS AND DISCUSSION xtrinogenic and saccharogenic amylase

1. Selection of superior strains for amylase
activity.

Dextrinogenic and saccharogenic amy-
lase activities of Rhizopus strains isola-
ted from various substrates in South
in table 3, and the

selected strains having predominant de-

Korea are shown

activities are listed in table 4. Among
the 151 strains of Rhizopus, strain nu-
mber 49, 24,79,54, and 102 are selected
for their prominent saccharogenic amy-
lase activities, and strain number 17,
102,130, 24, and 86 are selected for their
dextrinogenic amylase activities. Strain
number 49 exhibiting most prominent
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Table 2. Regional distribution of Korean RAizo0pus species.
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saccharogenic amylase activity, 24.75
mg/m/ is selected as the best strain for
saccharogenic amylase activity. On the
other hand, strain number 17 which ex-
hibits most prominent dextrinogenic amy-
lase activity, 4.53 relative dextrinizing
power (RDP) is selected as the best strain
for dextrinogenic amylase activity., The
saccharogenic and dextrinogenic amylase
activities of these strains are far exce-
eded that of R. niveus 1AM 6035, which
exhibits 17. 08mg/m/ and 1.36 RDP res-
pectively, one of the most active amylase
producing Japanese strains,
2. Amylase activity of Rhizopus among

different species.

Dextrinogenic and saccharogenic acti-
vities of amylase from different species
of the genus Rhaizopus are shown in

Fig. 2 and Fig. 3, respectively. The mean
value of dextrinogenic amylase activity
is higher, more or less, in R. Jjaponicus,
K. liquefaciens, R. shang haiensis, R.
acidus, and R. bahruensis in decreasing
order, and saccharogenic activity of amy-
lase is higher in R, chiuniang, R. achia-
mydosporus, and R. bahrnensis, while
both of amylase are lower in R. nigri-
cans.

Inui and Takeda(1964) studied the
amylase activities of Rhizopus from the
taxonomical viewpoint and concluded
that there was no relation between amy-
lase activities and other morphological
characteristics. On the other hand, Kim
(1971) and Kitahara(1950) studied the
amylase of /lspergillus and divided

them into four subgroups based on dex-
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Fig.2. Dextrinogenic amylase activity from different species of Rhizopus.
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Fig.3. Saccharogenic amylase activity from different species of Rhizopus.

trinogenic and saccharogenic activities
of amylase. However, amylase activities
of Rhizopus are so variable in different
strains even in the same species, as sho-
wn in the Fig.2 and Fig.3, that it is
not considered reasonable to use amy-

lase activity as a criterion of classifica-

tion key, at least in Rhizopus, although
there are some differences in mean value
among different species.
3. Amylase activity of wild strains in
ecological viewpoint.
Dextrinogenic and saccharogenic amy-

lase activities of Korean wild strains
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from different regions are shown in
table 5, and those of the strains based
on the original substrates, from which
Rhizopus strains are isolated, are shown
in table 6. The results in table 5 indi-
cate that the mean value of dextrino-
genic amylase activities of the strains
from southern inland region and saccha-
rogenic amylase activities of the strains
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from middle coast region are, more or
less, higher than those of the strains fr-
om the other regions. As shown in table
6, Rhizopus strains isolated from Kore-
an kneaded cereals such as “meju” and
“kockja” exhibited relatively high dex-
trinogenic and saccharogenic amylase
activities as compared with those of the
strains isolated from other substrates.

Table 2. Dextrinogenic and saccharogenic amylase activities of Rhizopus strains isolated from

varijous substrates in South Korea.

Amylase
Strain activity Original
Species dextri- | saccha- Collection area
no. | nogenic rogenic substrates
(RDP) | (mg/mi)
R. migricans 1 0.45 6.30 fruit Seoul

2 0.39 1.94 7 ”

4 0.23 550 meju ”

6 0.22 5.00 dried {ish Pusan

13 0.42 1.44 meju Seoul

19 0.36 9.28 rice ”

31 0.35 4.85 waste 7

37 0.29 1.39 potato Kyungju
40 0.52 0.98 flower Manchang
41 0.41 4.54 straw 7

44 0.49 4.68 mushroom Jeju

45 0.42 3.68 korean cake Seoul

47 0.39 2,93 sweet potato ”

55 0.90 4.32 potato Moonkyung
56 0.3 6.24 7" Mooju

87 0.22 6.72 korean cake Seoul

90 0.37 5.23 bread ”

92 0.38 1.20 7 7

98 0.53 5.80 wheat grain Kwangju
99 0.37 6.21 wheat bran ”
100 0.48 7.50 sweet potato Seoul
105 0.44 6.19 wheat grain ”
110 0.41 3.93 korean cake ”
115 0.88 65.00 fruit 7
126 0.3 5.75 bread ”
127 0.33 1.90 korean cake ”
134 0.22 2.52 bread Yungwoul
140 0.33 1.04 wheat grain Kwangju
142 0.21 1.76 cereal 17
143 0.43 1.20 ” ”
146 0.45 1.90 potato Seoul
151 0.35 2.00 useless medium ”

Mean | 0.40 4.24
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Amylase
Strain activity Original
Species dextri- | saccha- Collection area
no. nogenic| rogenic substrates
(RDP) | (mg/m?)
R. formosaensis 16 2.78 11.44 [ rice Seoul
88 1.00 11.73 wheat bran 1
93 2.51 16.06 potato 17
Mean | 2.10 13.08
R. achlamydosporus 80 3.25 18.92 potato Seul
86 3.99 13.08 korean cake #”
131 0.91 16.10 kockja Seoul
Mean | 2.72 16.02
R. tritici 7 2.70 18.86 sweet potato Hapchoen
8 0.77 7.16 wheat grain ”
18 3.50 14.15 rice Seoul
29 1.34 11.02 7 7”
34 3.15 19.17 fruit Buan
46 3.42 11.46 cereal Jeju
59 3.04 15.75 sweet potato Seoul
67 0.56 20.95 rotato 7
7 1.37 11.61 korean cake Andong
77 1.82 14.70 7 #
79 0.80 23.73 bread Kimpo
81 1.97 17.54 korean cake Seoul
91 1.17 23.01 kockja Chungwon
133 2.09 14.85 ’” Seoul
135 2.26 21.40 bread "
144 2.40 21.28 meju Pusan
148 3.17 21.53 cereal Seoul
Mean | 2.15 16.96
R. javanicus 32 0.48 2.93 I rics Seoul
97 3.38 14.49 bran Kwangju
128 1.16 10.45 wheat grain Seoul
Mean | 1.67 .29
R. chiunicng 139 3.05 17.02 fruit Seoul
R. acidus 49 1.83 24.75 cereal Chungmoon
50 2.61 15.25 bran ”
65 1.44 18.75 wheat bran Seoul
89 0.77 16.24 korean cake ’”
106 ] 0.82 20.10 wheat grain o
11 | 0.41 17.31 | meju ”
13 3.17 21.21 " ”
120 2.53 | 10.66 p p
11 2.01 21.46 | kockja Kwangju
Mean | 1.73 18.44
R. chinensis 95 | 0.93 16.63 korean cake Seoul
R. oryzce 5 ‘ 0.35 6.08 korean cake Pusan
9 . 2.21 12,05 bran Seoul
14 i 1.31 | 14.70 | flower p
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Amylase
Strain activity Original
Species ‘dextri- | saccha- Collection area
no. ! nogenic| rogenic substrtes
i (RDP) | (mg/m/)
R.oryzae 17 4.53 17.58 rice
63 2.72 19. 26 potato 7
69 2.79 18.96 sweet potato ”
81 1.95 3.04 Korean cake ”
94 1.26 11.27 ” ”
101 0.98 19.32 cereal ”
116 1.00 20, 35 fruit ”
121 0.31 10. 20 wheat bran Kwangju
123 1.20 15.58 korean cake Seoul
130 4.37 23.10 bread ”
137 1.01 15.45 kock ja "
149 1.01 4.20 cereal Kyungbuk
Mean 1.80 14. 81
R. delemar 73 2.04 15.85 korean cake Iri
R. chungkuoensis 20 3.02 18. 50 rice Seoul
42 0.92 12. 60 korean cake Jeju
57 | 2.37 22.47 " Seoul
60 1.95 21. 40 7" ”
74 2.13 15.26 wheat bran Iri
78 1.65 22.22 cereal Seoul
85 2.43 15.58 kockja 7
102 4. 41 23.31 bread s
103 3.10 20. 40 kockja 1
107 0.86 14.73 wheat bran '
108 0.39 14. 66 7 ”
119 ' 0.96 17.94 | fruit 7
125 1.89 17.10 wheat grain ”
Mean 2.01 18. 17
R. hangchow 104 0.72 10. 76 kockja Seoul
R. japomicus 27 0.72 29,94 rice 4
28 1.01 23.03 cereal Kangnung
43 1.41 15. 40 korean cake Jeju
Mean 1.05 20. 22
R. bahrnensis 12 2.351 19.95 dried fish Seou]
15 3.15 20. 28 flower "
48 | 278 | 16.19 | cereal Teju
64 | 2.29 23.20  kockja Seoul
70 3.50 12. 40 korean cake 7
150 0.94 17. 48 cereal ”
Mean 2.53 1 18.25
R. tonkinensis 62 0.97 12.30 © potato Seoul
72 3.33 21. 10 } cereal Yunchoen
118 1.13 18.91 | ’” Seoul
Mean | 1.81 17. 44 l
R. arrkizus 109 1. 65 11.93 | mushroom Seoul




June, 1973) Lee & Yoon: Studies on the Amylase of Rkizopus(1) 97

] Amylase ) ’
Strain activity Orginal !
Species dextri- | saccha- Collection area
! no. | nogenic| rogenic | substrates
| | (RDP) | (mg/m/) | N
R. niveus 10 1. 69 16. 20 waste Seoul
35 1.97 12.21 7 Vs
Mean 1.83 14.21
R. shanghaiensis P23 | 111 19.40 | fruit Muan
R.liquefaciens 21 1.79 21.19 | rice Seoul
25 2.65 15.11 kockja Kyungju
83 0.37 22,04 korean cake Seoul
Mean | 1.60 19.44
Unidentified strain 3| 0.76 19.60 | bread Seoul
11 1.04 16.59 useless medium ”
22 1.74 18.23 cereal Kyungju
24 4.29 23.80 kockja ”
26 2.70 9.68 bran 7
30 2.63 11.93 bread Yangyang
33 0.50 12.12 miyuck(alge) Seoul
36 0.86 15.01 bread Kangnung
28 2.12 16.17 mushroom Chungmoon
f 39 1.12 19.17 cereal Hanlim
51 2.02 17.08 bread Moonk yung
52 1.22 17.91 14 4
53 1.01 21.56 7" 7
BE 0.75 23.54 ” ”
L 58 0.77 9.41 korean cake Seoul
| 61 0.75 12.67 potato 7"
| 66 1.82 16.98 ” 7
|68 | 2.52 | 18.70 ” "
5 71 1.52 17.81 cereal Yunchoen
L7 ] 1,50 16.58 | kockja Iri
l 82 | 1.02 | 1261 P Seoul
| 95 1.72 6.75 korean cake 7
o112 | 158 16.28 | cereal "
l 114 0.40 15.65 wheat grain ”
L1117 1.74 16.10 korean cake ”
| 122 | 0.38 | 20.20 | cereal p
% 124 0.67 10. 64 meju ”
l129 2.94 17.30 7 7
l 132 0.47 10.80 vegetable ”
| 136 | 0.91 | 12.62 | bread ”
é' 138 0.43 9.79 cereal 1
L1455 | 2,76 17.48 | meju ”
’ 147 3.17 21.53 Kkorean cake 7
j 1.5

Mean
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Table 4. Selected strains having predominant amylase activities.
(1) Selected strains for dextrinogenic amylase.

_ Amylase activity
Strain no. Species " dexirinogenic | saccharogenic
| (RDP) (mg/ml)
17 R.oryzae ! 4.53 \ 17.58
102 R. chunghkuoensis 4.41 | 23.31
130 R. oryzae 4.37 23.10
24 Unidentified strain 4.29 \ 23. 80
86 R. achlamydosporus 3.99 12.08
(2) Selected strains for saccharogenic amylase.
Amylase activity
Strain no. Species - - -
dextrinogenic saccharogenic
(RDP) (mg/ml)
49 R. acidus 1.83 24.75
24 Unidentified stra’n 4.29 23.80
79 R. tritici 0. 80 23.73
54 Unidentified strain 0.75 23.54
102 R. chungkuoensis 4,41 23.31
IAM 6035 R. niveus 1.36 17.08

Table 5. Amylase activities of Korean wild strains from different region.

Number Amylase activity
Region of dextrinogenic (RDP) ‘ saccharogenic (mg/m/)
strains mean l max. l min. mean max. l min.
Middle Inland 118 1.48 4.53 0.22 13.35 23.20 1.04
Middle Coast 4 1.32 2.63 0. 80 18.42 23.73 11.93
Southern Inland 13 1.77 4.29 0.36 13.05 23.80 1.30
Soutern Coast 5 1.64 3.15 0.22 14. 20 21.38 6.08
Jeju 11 1.60 3.42 0.41 12.38 24.75 0.98

Table 6. Amvlase activities of Korean wild strains based on the original substrates from
which strains Rhkizopus were isolated.

Number Amylase activity
Substrates of dextrinogenic (RDP) saccharogenic (mg/m?)

strains mean ‘ max. ‘ min. mean “ max. min.
Korean cake 41 1. 47 4.41 0.22 14. 13 23.73 1.20
Fruit 1.28 3.15 0.39 13.21 20.35 1.94
Dried fish 2 1.36 2.51 0.22 12.48 19.95 5.00
Cereal 36 1.44 4.53 0.21 14. 82 24.75 ! 1.04
Potato 17 1.56 3.25 0.29 12.56 20. 95 1. 30
Kneaded cereal 22 1.90 4.29 0.23 15.91 23.80 1.44
Bran 11 1.58 3.38 0.31 13.09 15. 26 6.21
Others 13 1.19 3.15 0.35 | 10.56 | 20.28 |  0.98
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activities of Rhizopus strains based on the cultural characteristics.

iNumber Amvlase activity

Charac- ' - - -
Item Temp. —. of dextrinogenic (RDP) |saccharogenic (mg/m/)
‘ strains mean max. ' nlin- 1 lneanl max. l lnin.
) + 8 195 | 453 | 0.31 1651 24.73’ 2.93
0°C 35 | 0.51 | 2.65 | 0.21  5.55| 22.04| 0.98
Mycel'al + 81 1.95 4.53 0.31 16.53 | 24.75  2.93
growth C 37 | 0.55 | 2,65 | 0.21 6.09| 22.041 0.98
. + 10 | 1.8 | 3.17 | 0.41 | 18.30 | 24.75 ‘ 10. 66
4°C 108 | 1.83 | 4.53 | 0.21 | 12.79| 23.73 0.98
+ 111 | 151 | 453 | 0.21 | 13.03] 2075 0.98
Fruiting 30°C | 7 | 1.60 | 2.65 | 0.37 | 16.87 | 22.04 | 11.93
formation "o - 62 | 2.02 | 4.41 | 0.30 | 17.12| 24.75| 2.03
3T°C | 56 | 0.96 | 4.53 | 0.21 | 8.98 23.10| 0.9%
) + 76 | 192 | 453 0.31 | 16.65 ] 24.75| 203
0°C 42 | 079 | 3.99 | 0.21 | 7.10| 22.04 | 0.98
Air + 74 1.94 4.53 0.31 -| 16.69 | 24.75| 2.93
mycelium 37°C 44 | 0.81 | 3.99 | 0.21 | 7.49| 22.04| 0.98
) 4+ 010 | 1.86 | 3.17 | 0.41 - 14.89 | 24.75 | 10.66
e 108 | 1.49 | 4.53 | 0.21 | 13.10 | 23.73 | 0.98

Symkbols: 4+, good: -, poor or none

4. Relations between amylhse activities

and cultural characteristics. ‘

Amylase activities of Rhizopus strains
based on the cultural characteristics are
shown in table 7. Among the 151 strains
of Korean R#kizopus, the 118 strains
-which were identified were used in this
survey. Dextrinogenic and saccharogenic
-amylase acitivities of the strains exhibi-
ting good mycelial growth and ‘air my-
celium at 30—37°C were higher than two-
or thréefolds as compared with those of
‘the strains exhibiting poor or none my-
‘celial growth and air mycelium forma-
tion at the same culturmg temperature,

On the contrary, amylase activities of

]

Riizopus EiEge] Wl A€z xa)d o

E

Akzl 24 Y
AR wl e g %‘ﬂfﬂﬁ }!5%}1 T TR
:

Azl A o glolx)

the strains exhibiting good fruiting for-
mation at 30°C were more or less lower
than those of the strains which exhibit
poor or none fruiting formation at 30°C.
Therefore, it is concluded that those
strains which exhibit better mycelial
growth and air mycelium formation
than sporangial formation at 30°C show
very strong dextrinogenic and saccharo-
genic amylase activities. However, there
are no relations between the amylase
activities of Rhizopus strains and ferm-
entation ability of carbohydrates such
although this

is not represented in those data.

as inulin and galactose,

2
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