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Abstract

Molds can carry out amylase production, but the
production of the enzyme is affected by a carbon
catabolite repression system, thus reducing amylase
production. This study aimed to increase amylase
production in Aspergillus tamarii FNCC 6151 with
irradiation by gamma rays. Spore suspensions were
irradiated at 100, 200, 300, 400 and 500 Gy and the
survival of the spores was determined. The spore
suspension irradiated at 400 Gy was diluted and grown
on medium plates containing starch as a carbon source
and 2% glucose as a repressor. After staining with
iodine, colonies showing clear zones around them were
purified and grown in liquid media for four days and
their alpha-amylase and glucoamylase activities were
analyzed.

The mutant Mutl showed a clear zone. This mutant
produced 1.127 U/mL of alpha-amylase and 0.011
U/mL of glucoamylase. Meanwhile, the parental strain
produced 0.68 U/mL of alpha-amylase and 0.079 U/mL
of glucoamylase. The random mutagenesis using
gamma-ray into A. tamarii FNCC 6151 increased
alpha-amylase and glucoamylase production by 1.8-
and 1.4-fold respectively.
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Introduction

Amylases are commonly used in the food industry as
catalysts. Amylases break starch molecules into monomers
or oligomers such as glucose, maltose, maltotriose, or
dextrin. They are widely applied in corn, maltose, glucose,
fruit juice, alcohol, bakery and food additive industries'®.
Molds are living organisms that can produce amylase on an
industrial scale such as Aspergillus oryzae, A. niger, or A.
awamori®’. Molds are suitable for solid-state fermentation
and are more efficient for producing extracellular enzymes
due to their hyphal growth, resistance to low water activity
and high osmotic pressure?.

The production of polymer-degrading enzymes in molds is
affected by carbon catabolite repression (CCR). In the CCR
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system, the amylase synthesis is repressed by the end-
product of the degradation, glucose®. The addition of 2%
glucose as a carbon source inhibited glucoamylase
production in A. niger®. Production of alpha-amylase was
also inhibited with the addition of 0.5% glucose in A. niger®.
Repression of alpha-amylase production also occurred with
the addition of 0.1% glucose in Sulfolobus solfataricus’ and
0.5% in Bacillus sp.*°

To increase enzyme production, CCR should be eliminated
by mutation of DNA responsible for CCR. Previous studies
showed that random mutations using gamma rays produced
1.3-fold higher alpha-amylase than control in Bacillus
subtilis®. Gamma irradiation also increased alpha-amylase
activity 12-fold in A. oryzae® whereas mutation using UV
increased alpha-amylase production 1.6-fold in A. flavus®®.

Our previous study showed that indigenous mold A. tamarii
FNCC 6151 produced amylases at a relatively high amount,
although the amylase production was subject to CCR by
glucose!’. Random mutagenesis by gamma irradiation of the
strain was carried out to increase amylase production. The
effect of mutagenesis on alpha-amylase and glucoamylase
production by the mutant was described.

Material and Methods

A. tamarii FNCC 6151 was provided by the Biotechnology
Laboratory at the Department of Food and Agricultural
Product Technology, Faculty of Agricultural Technology,
Gadjah Mada University. The strain was isolated from koji
produced in Bantul, Yogyakarta, Indonesia.

Growth medium: The medium used in this work consisted
of Mandel’s salt solution'? and starch as the sole carbon
source. The plating medium was supplemented with 17.5 g/L
of agar and 0.1% Triton X-100.

Effect of glucose on amylase production: The effect of
glucose on amylase production was investigated in plate
media containing ten g/L of starch. The medium was
supplemented with glucose at 0%, 1%, 2% and 3%. The
samples were incubated at 28°C for 3 days, then at 50°C for
18 h and then stained with a 1% iodine solution.

Effect of the irradiation dose on spore viability: The
spores were irradiated with gamma rays at 100, 200, 300,
400 and 500 Gy and the viability of the spores was measured
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afterward. The irradiation dose that killed the spores by 1 log
cycle was employed for further experiments.

Selection of mutants resistant to CCR: The mutant
suspension was diluted, spread on potato dextrose agar
plates and incubated at 28°C for 2 days. After replica plating
on medium plates containing 2% glucose and incubation at
28°C followed by 18 h at 50°C, the plates were stained with
1% iodine solution. The colonies showing clear zones were
considered resistant to CCR and were selected for further
experiments.

Amylase production of the mutant in liquid medium: For
4 days, the selected mutant was grown in a liquid medium
containing 100 g/L of starch at 35°C. The culture was
centrifuged for 10 min at 4°C and 21,000 x g and alpha-
amylase and glucoamylase activities were measured in the
supernatant.

Enzyme assay: The alpha-amylase and glucoamylase were
analyzed using the Ceralpha method and the
amyloglucosidase assay reagent (R-AMGR3, Megazyme
Ltd., Republic of Ireland) respectively. The analyses were
carried out according to the manufacturer’s instructions.

Statistical analysis: The experiment was statistically
analyzed using the one-way ANOVA method using
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Duncan’s multiple-range test (DMRT) at a significance level
of 99%. This analysis was performed using SPSS v.25
(SPSS Inc., USA).

Results and Discussion

Effect of glucose on amylase production in solid medium:
Amylase production by A. tamarii FNCC 6151 on a plate
medium showed a clear zone after staining with iodine;
however, the growth of the strain on a medium containing
glucose showed a smaller clear zone or none (Figure 1). The
clear zone around the colony was significantly smaller in a
medium with 1% glucose than in a medium without glucose.
There was no clear zone around the colonies when the strain
was cultivated in a medium containing 2% or more glucose.

The previous study showed that there was no clear zone
surrounding colonies of Aspergillus oryzae when it was
grown in a plate medium containing starch as the sole carbon
source and 1% glucose.® When they grew the strain in a
liqguid medium, the strain showed significantly reduced a-
amylase activity by up to 50%. The addition of 0.1% glucose
to the medium reduced amylase production in Sulfolobus
solfataricus by 92%/. The supplementation of 1% glucose to
the growth medium also reduced amylase production by
98% in Aspergillus niger®® and 51% in Thermomyces
lanuginosus?t.
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Figure 1: Clear zones around colonies of A. tamarii FNCC 6151 grown on plate medium supplemented
with different amounts of glucose
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Figure 2: Viability of Aspergillus tamarii FNCC 6151 after irradiation with gamma-ray at different dose

113



Research Journal of Biotechnology

The glucose concentration that brought about repression to
amylases production was species dependent. Colony of
Aspergillus tamarii FNCC 6151 on the plate medium
supplemented with 1% glucose showed a considerably
smaller clear zone than the one grown on the medium
without glucose. However, no clear zone was observed
around the colony of the strain grown on the medium
supplemented with 2% glucose (Figure 1). These results
indicate that the production of amylases by Aspergillus
tamarii FNCC 6151 was inhibited in the presence of 2%
glucose. For the selection of mutant strains that have lost
their CCR, a plate medium supplemented with 2% glucose
was used.

Effect of irradiation dose on spore viability: To enhance
amylases production, the strain was irradiated by gamma
rays to bring about a mutation in the DNA and hopefully,
there was a mutation that eliminated the CCR for amylase
production. The irradiation dose used should cause
mutagenesis in the DNA, but the degree of mutation was not
too severe to degrade the character of the strain. Many
workers used irradiation doses that gave one cycle reduction
in cell population to obtain the desired mutants*610.14.1821,
Figure 2 showed that irradiation of Aspergillus tamarii
FNCC 6151 spores using 400 Gy of gamma rays killed 90%
of the spore population. Mutants produced by this irradiation

Without glucose

2% glucose

Parental strain
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dose were screened for ones that showed no clear zone
around the colony after staining with iodine.

Selection of mutants and amylases production: The
mutants produced by gamma irradiation at 400 Gy were
screened for those that gave no clear zones on the plate
medium containing 2% glucose after staining with iodine
solution. One of the mutants, Mutl, showed the criterion
(Figure 3). The Mutl gave a clear zone on the plate medium
containing 2% glucose, although the size of the clear zone
was smaller than that on the medium without glucose.

Mutl was grown in a liquid medium containing 0%, 1%, 3%
and 5% glucose for 4 days. The activities of alpha-amylase
and glucoamylase in the medium were assayed and
compared to the one of the parental strains (Table 1). The
mutant produced 1.127 U/mL of alpha-amylase and 0.011
U/mL of glucoamylase, which are higher than production of
parental strain (0.624 U/mL of alpha-amylase and 0.080
U/mL of glucoamylase). Compared to the parental strain, the
mutant produced 1.8-fold more alpha-amylase and 1.4-fold
more glucoamylase. This finding indicated that the mutant
remained to produce alpha-amylase and glucoamylase,
although the growth medium was supplemented by glucose
up to 5%.

Mutl

Figure 3: The presence of a clear zone surrounding mutant Mutl when the strain was grown
on a 2% glucose plate medium

Table 1
Production of alpha-amylase and glucoamylase in A. tamarii strains FNCC 6151 and Mutl in liquid medium
supplemented with different amounts of glucose.

Strain Glucose_ Alpha-amylase Glucoamylase
concentration (U/ml) (U/ml)
Aspergillus tamarii FNCC 6151 0% 0.625 +0.01 0.08+0.00
Aspergillus tamarii Mutl 0% 1.127 £0.13 0.011£0.00
1% 0.869 £ 0.03 0.006 £ 0.00
3% 0.939 £ 0.00 0.008 £ 0.00
5% 0.610 £0.27 0.009 £ 0.02
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Bacillus subtilis was also mutated using gamma rays with a
3 kGy dosage which enhanced amylase activity by 1.3-fold?.
When Aspergillus niger was exposed to 1.2 kGy of gamma
rays, its alpha and beta-galactosidase activity increased 2-
fold?®.

This study found that gamma-ray irradiation increased the
production of alpha-amylase and glucoamylase in A. tamarii
FNCC 6151 and the mutant retained the enzyme production
even when glucose was added to the growth medium. It
indicated that the mutant's CCR for alpha-amylase and
glucoamylase production was eliminated.

Conclusion

Random mutagenesis of Aspergillus tamarii FNCC 6151
using gamma rays with a 400 Gy dosage enhanced alpha-
amylase and glucoamylase productions by 1.8-folds and 1.4-
folds respectively. The increase of the enzymes produced by
the mutant might be due to the removal of CCR to produce
the enzyme. This research provides information on applying
gamma rays as a potential method for increasing the
production of the enzyme amylase by indigenous fungi.
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