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The extracellular inulase produced by Aspergillus sp. C-58 was isolated by pH and charcoal treatment, precipitation

with ammonium sulfate from the crude extract, and separated into 3 fractions (P-I, I, Ill) by DEAE-cellulose column

chromatography in the ratio of 31.1:1.7:1 with respect to the activity. The ratio of inulase activity to sucrase activity of P-I,

P-H and P-1li fraction was 0.23, 0.24 and 1.1 respectively. The enzyme P-I fraction was purified 482 fold with a 22.8% yield
by DEAE-Sephadex A-50, Sephadex G-75, Sephadex G-100 (Ist and 2nd) column chromatography, and appeared

homogeneous on polyacrylamide disc gel electrophoresis and ultracentrifugation.

Since Edelman et al/(1) reported that the 60% am-
monium sulfate precipitates of the extract of Jerusalem ar-
tichoke tuber has hydrolytic activity to fructose polymer,
many inulases have béen purified from various sources.

Edelman er a/(?) investigated the mechanism of inulin
hydrolysis with enzyme that was purified 7.3 fold by
DEAE-cellulose from the crude extract of Jerusalem ar-
tichoke, and Edelman et a/(3) also investigated the proper-
ties of B-fructofuranosidase purified by DEAE-cellulose.

It was first purified yeast inulase that Kovaleva et ak%
reported the §-fructosidase obtained from Saccharomyces
lactis.

Thereafter, Negorol®) compared Candida kefyr ex-
tracellular B-fructofuranosidase purified by precipitation
with 75% acetone, DEAE-Sephadex A-50 and SE-Sephadex
C-50 column chromatography with the inulases obtained
from Saccharomyces cerevisiae and Candida utilis. And
the extracellular inulase of Kluyveromyces fragilis was
purified 232 fold by Nahm et af6) by DEAE-Sephadex A-50
column chromatography and Sepharose 6B gel filtration.
Negoro( also purified intra-and extracellular inulase pro-
duced by Kluyveromyces fragilis with 203 and 119 fold

purity respectively by precipitation with tannic acid, DEAE-
Sephadex A-50 column chromatography. Nakamura et ak8)
reported intracellular and extracellular inulases produced
by Penicillium sp.-1. The extracellular enzyme was
separated 3 different enzyme by DEAE-Sephadex column
chromatography, and the intracellular enzyme® was
purified DEAE-cellulose column chromatography and was
separated into 4 kinds of inulase.

Aspergillus inulase was one of the well known microbial
inulases.

Nakamura et aki0. 11) obtained extracellular inulase P-1,
P-11, and P-Ill from Aspergillus niger K-12, and P-Hl and P-1ll
were investigated in details.

Enzyme P-Il was purified from culture filtrate by DEAE-
cellulose column chromatography, Sephadex G-50, G-100,
and G-200 gel filtration, and enzyme P-lll was purified by
DEAE-Sephadex A-50(1st and 2nd) and Sephadex G-100
column chromatography, and was obtained in crystalline
form by ammonium sulfate precipitation.

In the present paper, to investigate the enzymatic pro-
perties of the inulase of Aspergillus sp. C-58, the enzyme

was purified, so the re sult was reported.
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Materials and Methods

Chemicals

Inulin and sucrose (Wako pure chemical industry, Ltd.,
Japan), DEAE-cellulose, DEAE-Sephadex A-50, Sephadex
G-75 and G-100 were purchased from Pharmacia Fine
Chemical company (Sweden). All other reagents were of
analytical reagent grade.

Microorganism: The mold strain used throughout this
work was Aspergillus sp.C-58 strain, which was isolated
from garden soil as described previously(12),

Culture medium and method

The cultural medium and method used throught this
work was followed as previous paper(13).

Enzyme assay: The enzyme activity was assayed as
previous report(12),

I/S: 1S expresses the ratio of hydrolysis rate of inulin
and sucrose.

Determination of protein: Protein was determined by
the method of Lowry et akl4), and by measurement of ab-
sorbance at 280nm. Bovine serum albumin was used as a
standard protein. Spectrophotometric measurement was
carried out in Hitachi 200-10 spectrophotometer or a
Shimadzu double beam spectrophotometer UV-200.
Acrylamide gel etectrophoresis

Analytical disc gel electrophoresis in 7.5%
polyacrylamide gel at pH 8.3 using Tris-glycine buffer was
performed according to the method of Davis13). About
60ug, 80ug and 150ug of enzyme protein were applied to
each tube (0.5 x 8cm), and electrophoresis was carried out
for two hours at room temperature with a current of 3mA
per tube. After the run, the gels were stained with 1%
amido black 10-B and destained in 7% acetic acid.
Ultracentrifugal analysis

The sedimentation pattern was performed with
Beckman model E analytical ultracentrifuge(18). A multicell
operation was employed for the sedimentation experiment.
The enzyme was dissolved in 0.01M of sodium phosphate
buffer, pH 7.0 to give protein concentration of 10.0mg per
milliliter. The Rayleigh interference pattern was
photographed at intervals of 38mins to ensure that
equilibrium was established. The relation between the con-
centration of the enzyme and the fringe shift was determin-
ed with a synthetic boundary cell. To all calculations the
partial specific volume of V = 0.7 ml/ig was used. The
sedimentation velocity was measured with a same ultra-
centrifuge as the sedimentation equilibrium method with
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59,780 rev /min. The temperature of the ultracentrifugal

experiments was maintained at 20°C.

Results and Discussion

Enzyme production

Optimal conditions for the enzyme production by
Aspergillus sp. C-58 on wheat bran solid medium were
established. These are cultivation method, media, addition
of water volume, temperature and culture period. It was
found that 50 to 55% of moisture content in wheat bran
was suitable for the production of the enzyme by the
strain(13). Under these culture conditions, the enzyme pro-
duction increased with the culture period, being maximum
at 5 days, after which there was no or very little increase.
Purification of the inulase I

All the purification steps were carried out at 4-8°C
unless otherwise stated. sodium phosphate buffer (0.01M)
of pH 7.0 was used.

Preparation of crude enzyme solution: After extraction
of wheat bran culture with addition of 8 volumes of cold |
distilled water, the filtrate was centrifuged at 8,000 x g for
20 min. The supernatant (1,382ml} was used as the crude
enzyme solution

pH and heat treatments: To the crude enzyme solution
(1,382ml), 14% ammonium hydroxide solution was
gradually added with continous stirring to give pH of 8.2
and then treated at 45°C for 30min, followed by centrifuge
at 8,000 x g for 20min, and adjusted pH to 5.0 with 4N HCL
solution.

Charcoal treatment: To the resultant supernatant solu-
tion was added active charcoal (2%), and then the suspen-
sion was continuously stirred at5°C for 12 hrs. The suspen-
sion was filtrated under suction through a thick bet
hyflosuper-cell over Toyo No.2 filter paper on Buchner fun-
nel.

Ammonium sulfate fractionation: The charcoal-treated
enzyme solution (1,333ml) was brought to 70% saturation
by adding 635g of solid animonium sulfate. After 3 hrs, the
precipitate formed was removed by centrifugation at 8,000
x g for 30min. The supernatant was brought to 86 % satura-
tion by further addition of ammonium sulfate (200g). After
standing overnight, the precipitate was collected by cen-
trifugation and dissolved in a small amount of 0.01M buf-
fer. The solution was dialyzed in cellulose tube for 10 hrs
against 5 times change of 10 liters of distilled water.

DEAE-cellulose column chromatography: The dialyzed
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enzyme solution (40ml) from the previous step was placed
on_a DEAE-ellulose column (2.5 x 54cm) which was
previously equilibrated with 0.01M same buffer. The col-
umn was eluted by the same buffer with stepwisely increas-
ing concentration of.sodium chloride solution. The frac-
tions having a volume of 15mi were collected at flow rate of
8.9ml per hour. A typical elution pattern of protein and en-
zyme activity is depicted in Fig. 1. Three protein fractions
having inulase activity were designated as inulase I, I and
1L, respectively and the elution pattern was different from
result of Nakamura and Nakatsu®. Total recovery of the
enzyme activity was about 54.3% with the three fractions

in the ratio of 31.1:1.7:1. The ratic was quite different from
that of Aspergillus niger-12 which was cultivated by the

submerged culture as reported by Nakamura et aki0), Ac-
tive fractions of inulase I (335ml) were combined, concen-
trated with a collodion bag (Sartorius Membrane Filter Co.)

to 19ml, and then dialyzed against distilled water.

0.1 M-NaCl 0.15-NaCl 0.2M-NaCl
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Fig. 1. Chromatography of the enzyme on DEAE
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-cellulose column.

Protein (826.6mg) was added to a column (2.5 x 54cm)
equilibrated with 0.01M sodium phosphate buffer, pH 7.0
and eluted by the stepwisely increasing concentration of
NaCl in equilibrating buffer. Fifteen milliliter fraction were
collected at flow rate of 8.9/hr. o
ulin; e---e_ activity toward sucrose; x----x, amount of pro-
tein.

o, activity toward in-

DEAE-Sephadex A-50 column chromatography of the
inulase . The dialyzed preparation (19ml) from the
previous step was applied to a DEAE-Sephadex A-50 col-
umn (2.2 x 30.5cm) equilibrated with 0.01M sodium
phosphate buffer. After the column was washed with 1 liter
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of 0.01M sodium phosphate buffer containing 0.15M
sodium chloride, the inulase | was eluted with 0.01M buffer
containing 0.2M sodium chloride. The elution pattern is
shown in Fig. 2. In the point of chromatographic pattern on
the DEAE-Sephadex A-50 column, it was similar to the ex-
tracellular inulase reported by Nakamura and Nakatsu(®).
The active fraction (300ml) was concentrated with the col-
lodion bag to 0.5ml, and then dialyzed in cellulose tube for

8 hrs against 4 times change of 2 liters of deionized water.
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Fig. 2. DEAE-Sephadex A-50 column chromato-
graphy of inulase I.

The dialyzed enzyme 1 (139.9mg) solution was applied
to a column (2.2 x 30.5¢m) equilibrated with 0.01M sodium
phosphate buffer, pH 7.0. Fifteen milliliter fractions were
collected at flow rate of fifteen milliliter per hour. o——o,
activity toward inulin; e—--e, activity toward sucrose; x-—x,
amount of protein.

Sephadex G-75 column chromatography of the inulase I:
The dialyzed inulase | which contained 13.0mg ot protein
was applied to a column of Sephadex G-75 (0.9 x 76cm)
previously equilibrated with 0.01M sodium phosphate buf-
fer, and eluted with same buffer. The fractions of each
4.0m} were collected at flow rate of 1mt per hr. Elution pat-
tern is shown in Fig. 3. The active fractions (fraction No. 24
to 31) were concentrated in the collodion bag to about 4ml.
First Sephadex G-100 column chromatography of the in-
ulase I: The concentrated inulase [ preparation from
Sephadex G-75 column chromatography contained 10.7mg
of protein was applied to a column of Sephadex G-100 (1.6
x 71.5cm) previously equilibrated with 0.01M same buffer.
The fractions of each 0.95ml were collected at flow rate of
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Fig. 3. Sephadex G-75 column chromatography
of inulase I

The dialyzed enzyme [ (13.0mg) solution (obtained after
chromatography on DEAE-sephadex A-50 column) was ap-
ptied to a column (0.9 x 76cm) equilibrated with 0.01M
sodium phosphate buffer, 7.0. The fractions of 4.0ml were
collected at flow rate of 1.0ml/hrs. o——o, activity toward
inulin; e---e_ activity toward sucrose; x----x, amount of pro-
tein.

1.3ml per hour. The elution pattern is shown in Fig. 4 and
it was resemble to P-1I of Aspergillus inulase described by
Nakamura et aAlD. The inulase | preparation (27ml) thus
obtained had the specific activity of 465.4 fold against the
crude enzyme extract. The active fractions (fraction No. 51
to 79) were concentrated in the collodion bag to about 3ml.
Second Sephadex G-100 column chromatography of the in-
ulase I: The concentrated inulase | preparation from
Sephadex G-100 first column chromatography contained
7.0mg of protein was applied to a column of Sephadex
G-100 (1.6 x 71.5cm) previously equilibrated with 0.01M
sodium phosphate buffer. The fractions of each 1.0ml were
collected at flow rate of 1.3ml per hour. The elution pattern
is shown in Fig.5. The enzyme preparation (26ml) thus ob-
tained had the specific activity of 482.4 fold against the
crude enzyme extract, and was designated as the purified
enzyme. The yield of recovery for the extracellular inulase
from Aspergillus sp. C-58 lie at the similar level as the en-
zyme reported by Nahm and Byun®), and higher than
those of Penicillium inulase of Nakamura and Nakatsu(®)
and Aspergillus inulase described by Nakamura et af10. 11},
The summary of the purification is shown in Table 1.
Homogeneity of the purified inulase 1

Purity on the acrylamide gel electrophoresis: The purity
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Fig. 4. First Sephadex G-100 column chromato-

graphy of the enzyme.

The dialyzed enzyme 1 (10.7mg) solution (obtained after
Sephadex G-75 gel filtration) was applied to a column (1.6 x
71cm) equilibrated with 0.01M sodium phosphate buffer,
70. The fractions of 0.95mi were collected at flow rate of
1.35/hr. o o, activity toward inulin; e-—e, activity
toward sucrose; x-—x, amount of protein.
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Fig. 5. Second Sephadex G-100 column chroma-
tography of the enzyme.

The dialyzed enzyme | (7.0mg) solution (obtained after
first Sephadex G-100 gel filtration) was applied to a column
(1.6 x 71.5cm) equilibrated with 0.01M sodium phosphate
buffer, 7.0 The fractions of 1.0ml were collected at flow rate
of 1.3ml/hr. o——o, activity toward inulin; e—-e, activity
toward sucrose; x----x, amount of protein.
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Table 1. Summary of enzyme purification

Purification Total Specific
Step Protein* Activity Activity Yield IIN) Purity
(mg) I S I S (%) (fold)
Crude extract 13,375 4,129 18,170 0.31 1.36 100 0.23 1.
pH treatment 11,147 3,980 17,990 0.36 1.61 96.4 0.22 1.15
Charcoal treatment 8,414 3,199 16,395 0.38 1.95 775 0.23 1.23
Ammonium sulfate
20-86% 826.6 2,240 9,333 2.71 11.3 54.3 0.24 8.74
DEAE-cellulose
enzyme I 139.9 2,056 8,942 14.7 63.9 49.8 0.23 474
enzyme Il 79.3 111.0 462.5 14 58 2.7 0.24 4.5
enzyme Il 103.1 66.0 60.0 0.64 0.58 1.6 1.1 21
DEAE-Sephadex A-50
enzyme | 13.0 1,645 7,151 126.7 550 39.8 0.23 408.7
Sephadex G-75 10.7 1,419 6,449 132 602 344 0.22 425.8
1st Sephadex G-100 7.0 1,010 4,591 144.3 655.9 24.5 0.22 465.4
2nd Sephadex G-100 6.3 945.5 4,298 149.5 682 22.8 0.22 482.4

1: activity toward inulin, S: activity toward sucrose.

0
. %
* The amount of protein was estimated from absorbance at OD 280 nm, assuming E]cr;)\ =80

of this preparation was examined by electrophoresis on —
polyacrylamide gel. The purified inuvlase 1 migrated
towards the anode as a single band of protein (Fig. 6). The
electrophoretogram was very sharp band, and the aspect @ ﬁ ﬁ
was similar to Penicillium inulase® and Aspergillus
inulase(!) reported by Nakamura er al.

The electrophoresis was performed in 7.5%
polyacrylamide gel at pH 8.3 with a current of 3.0mA per —
tube. About 60ug, 80ug and 150ug of protein were applied. r r‘
Gels were stained with Amido black 10-B and destained '
electrophoretically in 7% acetic acid at constant current of
5mA per tube. H H
Purity of the inulase | by ultracentrifugation: The sedimen-
tation pattern (Fig. 7) obtained in a sedimentation velocity

experiment indicated the presence of single component.
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Fig. 7. Sedimentation patterns of the purified
inulase L

The purified enzyme [ from Sephadex G-100 second col-
umn chromatography was used at a concentration of 1.0%
in sodium phosphate buffer, pH 7.0. Photographs were
taken 38(A), 62(B), 78(C), and 102(D) min after reaching
59,780 rev/min.

The sedimentation is left to right
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