[ Korean Soc. Food Nutr.
19(5), 429~433(1950)

G5 g FA TR

Production and Properties of invertase from Aspergillus niger
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Abstract

Production and properties of invertase from Aspergillus niger were investigated. inulin and
sucrose were best carbon source and yeast extract was most suitable for the production of
the enzyme among tested carbon and nitrogen sources. The enzyme was maximally produced
by cuitivating the organism at medium of pH 4.5 and temperature of 30T . The optimum
pH and temperature for the enzyme activity were pH 5.0 and temperature of B0C, respactively.
Among tested metal ions, Hg? ™, Cu?® and Ag™ ions inhibited the enzyme activity drastically.

Introduction

The invertase{EC 3.2.1.26) is found widely dist-
ributed in plants, animals and microorganism. The
enzyme was thoroughly studied from yeast. There
is evidence that veast invertase exists in at least
two forms which are related to its location in the
cell. The internal enzyme is devoid of detectable
carbohydrate. In contrast, the external enzyme
which is located in the cell wall is a glycoprotein
containing about 50% carbohydrate! 11, Relati-
vely few reports have been published about fungal
invertase. It has been reported that Newrospora
invertase is also a glycoprotein, containing 30%
mannan and 2—3% glucosamine!®. Madyasthat
el al. isolated the extracelluar invertase preducing
fungus, Aspergillus atheus, and characterized the

12) It is important to iso-

enzyme from the fungus
late an organism which produce high activity of
extracelluar invertase. Here we report that factors
affecting production of extracelluar invertase form
Aspergillus niger which was isolated from soil, and

the properties of the enzyme.

Materials and Methods

Microorganism and cultivation

Organism used was Aspergillus niger which was
isolated from soil. The modified Chapek-Dox me-
dium™ was used to cultivate the organism, which
was composed of 3% glucose, 0.2% peptone, 0.05%
potassium chloride, 0.05% magnesium sulfate, 0.1
% dipotassium hydrogen phosphate, and 0.001%
ferrous sulfate. The effect of carbon and nitrogen
sources on the preduction of the enzyme was stu-
died by substituting glucose and peptone with va-
rious carbon and nitrogen compounds. The cultiva-
tion was carried out by addition of seed culture
(inoculum size : 1%) to the culture vessel(250m)
E-flask) and cultivated for 7 days at 30T,

Crude enzyme preparation

The culture broth was filtered using Toyo No.
2 filter paper and the filtrate was centrifuged at
3,000 rpm for 30 min. The supernatant was used
as a crude enzyme solution,

Enzyme assay
The invertase reaction was performed in assay
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mixture containing 0.1M Na-acetate buffer, pH 5.0
and 28.7 mM sucrose. The reaction was initiated
by adding 201 of the enzyme solution to the assay
mixture previously equilibrated to 50T for 5 min.
The total assay volume was 1 ml and the tempera-
ture of inctibation was 50T, The reaction was per-
formed for 20 min, and then 1 ml dinitrosalicylic
acid (DNSA} was added. It was maintained in boi-
ling water for 5 min and the resulting color produ-
ced was measured at 540 nm after addition of 9

mi water.
Results and Discussion

Effect of carbon source

Production of invertase with various carbon sou-
rces by the Aspergillus niger was investigated by
replacing glucose in the basal medium with various
carbon sources listed in Table 1. Inulin exhibited

Table 1. Effect of carbon sources on production
of invertase

Carbon source Absorbance at 540nm

Galactose 0.11
Fructose 0.09
Ghicose 0.02
Maltose 014
Sucrose 0.31
Lactose 0.09
Dextrin 0.19
Seluble starch 0.18
Glycerin 0.05
Imulin 0.46
Cellulose 0403
Amylopectin 0.11
Citric acid 0.01
Araban 0.00
Xylose .00
Amylose .13

The medium composition was same as described in
Methods except carbon source. The cultivation was
carried out for 7 days at 30C.

the highest enzyme productivity, followed by suc
rose. The enzyme catalyzes the hvdrolysis of su-
gars possessing unsubstituted B-D-fructofuranosyl
residue such as sucrose and inulin. Since the enz-
yme was mainly produced in the medium contai-
ning sucrose and inulin as a carbon source, it
seems likely that invertase from the organism is
an inducible enzyme. Therefore inulin and sucrose
seem to function as inducer for the production
of the enzyme.

Effect of nitrogen source

Various nitrogen sources were replaced with pe-
ptone to investigate the effect of nitrogen sources
on the enzyme production. As shown in Table 2,
yeast extract was most suitable for the invertase
production among tested nitrogen sources. The
inorganic nitrogen sources were generally ineffec-
tive for the organism to produce the enzyme.

Effect of initial pH
Variation of the initial pH of the medium can

Table 2. Effect of nitrogen sources on production
of invertase

Nitrogen source Absorbance at H540nm

{NH) 504 0.15
NH,CY 012
NaNQ, 0.00
Urea 0.01
Yeast extract 0.66
Peptone 0.21
Casein 0.18
Gelatin 0.11
Glycine 0.18
Lysine 0.12
Asparagine 0.12
Glutamic acid 0.16

The medium composition was same as described in
Methods except carbon and nitrogen sources. The
carbon source used was sucrose{3% ). The cultiva-
tion was carried out for 7 days at 30T,
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Fig. 1. Effect of initial pH of medium on preduction
of the enzyme.
The cuitivation was carried out for 7 days
at 30C.

induce metabolic changes to the organism, which
might result in shift in metabholic activities. It may
he either favorable or unfavorable for the desired
enzyme production, The initial pH of the medium
was adjusted to various pH values from 2.0 to 10.0,
and the cuitivation was carried out for 7 days at
30C. As shown in Fig. 1, maximal yield of the
enzyme was achieved when initial pH of the me-
dium was adjusted to 4.5.
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Fig. 2. Effect of cultivation temperature on produc-
tion of the enzyme.
The cultivation was carried out for 7 days.
The initial pH of the medium was 4.5.

Effect of cultivation temperature

For determination of the optimal temperature
for the enzyme production by the Aspergillus niger,
cultivation was carried out at various temperatures
ranging from 25C to 35C for 7 days. The optimal
temperature for the enzyme production was 30T
as shown in Fig. 2.

Effect of pH on activity and stability of the
enzyme

The effect of pH on activity of the enzyme was
examined over pH 4.0 to 10.0. The buffers{0.1M)
used were as follow ° pH 4.0—5.5, Na-acetate »
pH 6.0—7.5, Na-phosphate s+ pH R(G—85, Tris/
HC1: pH 90— 100, Na-borate. The enzyme exhi-
bited the pH optimum of 5.0 as shown in Fig. 3.

The pH optimum of the-enzyme from Aspergillus
atheus was identified as 5.7'%. The effeci of pH
on stability of the enzyme was investigated by sta-
ndard assay conditions after preincubation of the
enzyme at given pH values at 70C for 5 min. The
enzyme was maximally stable at pH 8.0 as shown
in Fig, 4.
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Fig. 3. Effect of pH on activity of the enzyme.
The enzyme reaction was performed as desc-
ribed in Methods except pH of the assay mix-
ture.
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Fig. 4. Effect of pH on thermostability of the
enzyme.

Effect of temperature on activity and stability
of the enzyme

The effect of temperature on the activity of the
enzyme was examined at various temperatures ra-
nging from 20°C to 70C (Fig 5). The enzyme exhi-
bited the maximal activity at 50C when assaved
for 20 min.

Above that temperature, the enzyme activity de-
creased, indicating the inactivation of the enzyme.
The enzyme from Aspergillus atheus also showed
the optimum temperature of 50C'¥. Fig. 6 shows
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Fig. 5. Effect of reaction temperature on activity
of the enzyme.
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Fig. 8. Thermostability of the enzyme at various
temperaturegs.
After heating, the residual activities were de-
termined immediately under the standard as-
say conditions, 40C{(), 50C{(@), 60C(X),
70C( ), 80T(H).

the thermoipactivation of the enzyme at vatious
temperatures in 0.1M Na-phosphate buffer{pH 7.
). The enzvme was stable for 30 min below 50T,
However, it was completely inactivated in 10 min
when incubated at 70T,

Effect of metal salts on enzyme activity

The effect of various metal salts on the enzyme
activity was determined by adding 10mM of metal
salts to the standard assay mixture(Table 3). The
enzyme activity was completely inactivated by ad-

dition of Hg?", Ag' and Cu?" ions. This result

coincides well with that of yeast invertase'?,
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