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Abstract
Inulinase from Bacillus sphaericus 188-1 was partially purified and immobilized on oxidized cellulose for
continous production of fructose syrup. The immobilized enzyme had 47 unit of inulinase activity per g
of oxidized cellulose, with the immobilization vield of 41% and the activity yield of 39%. Optimal reaction
temperature and pH of the immobilized inulinase on inulin were 50C and pH 9.0, respectively, and it was
stable up to 50C and pH 8.0~10.0. Activity of the immobilized inulinase was activated by K, Ca®',

Mn®"and Hg?*, but significantly inhibited by EDTA (10mM).
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INTRODUCTION

Inulinase ( B-fructosidase : B-fructan hydrolase :
2.1-D-fructan—fructanohydrolase ; EC 3.2.1.7) splits
£-21-fructanofuranosidic linkages of inulin to pro-
duce fructose”. The dlassification of inulinase was
based on the occurrence of inulinase, activity on
sucrose and inulin, type of reaction products (oligo-
fructans or only fructose), secretion pattern (exo or
endo) etc.

These inulinase split fructans of the inulin type
either endo- or exo-wise, producing a series of oligo-
fructans or fructose but rarely hydrolyze sucrose.

Inulinase from yeasts, in particular, is able to
hydrolyze inulin and levan-type fructans exo-wise
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and is an extracellular enzyme partially associated
with the cell wall and partially excreted into the
culture fluid?. Almost of inulinases were glycopro-
teins which can be induced exclusively by inulin®.

The inulinase has been found in several yeasts
and bacteria such as Kluyveromyces sp.skﬁ),
Debaryomyces sp.7), Saccharomyces sp.s'g), Strepto-
coccus sp. ™V, Clostridium sp®. Arthrobacter sp.
13,14>, Chrysospotium sp_ls)
Aspergillus sp.* ™™, Penicillium sp.
0. However, only inulinases from some vyeast
strains have exclusively been used in food and
pharmaceutical industries. Generally, immobilized
Inulinase was used in the continuous production of
fructose from inulin™ . A preference for some
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specific methods and immobilizing agents (support
matrix) is widely used in the immobilization, for
example : adsorption and cross linking with glutar-
aldehyde, covalent coupling with porous silica or
cellulose derivatives, etc. An interesting method is
entrapment in fibers of polymers, which have been
successfully developed and applied in the commercial
and industrial scale. However, the support matrix is
very expensive24).

In order to select inexpensive support matrix for
immobilization of the inulinase from Bacillus sphaeri-
cus 188-1 and use in the mass production of fructose
from inulin, we immobilized the inulinase on various

support matrix and characterized.

MATERIALS AND METHODS

1. Strains and culture condition

Bacillus sphaericus 188-1 isolated from soil was
used as a source of inulinase™ . It was cultivated in
inulin broth(0.5% inulin, 0.4% Bacto-peptone, 10mM
MgS0y - TH20 (pH 7.5)).

2. Assay of inulinase activity

Inulinase activity was measured by determining
the amount of the released reducing sugar from
inulin®. The reaction mixture containing 0.8 ml of
1% inulin in sodium phosphate buffer (pH 7.0) and
0.2 mL enzyme solution was incubated at 37°C for
1 hr. Total reducing sugar was measured by the
Somogyi- Nelson method®’. D-Glucose was assayed
using the Glucose [HK] kit. D-fructose was deter-
mined as difference between the amount of total
reducing sugar and D-glucose. One unit of inulinase
activity is defined as the production of 1 #M of the
product per minute at 37°C and specific activity was
expressed as unit per mg protein.

3. Partial purification and immobilization of the
inulinase

Intracellular inulinase from Bacillus sphaericus 188
-1 was partially purified by (NH,)280, precipitation
(30~70% saturation), followed by ion-exchange
chromatography on DEAE-Sephadex A-50.
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The inulinase was immobilized by the methods of
schiff base immohilization as follows, Schiff base
immobilization of the inulinase by the cross-linkage
method was based on the formation of a Schiff base
between a free aldehyde groups of support (oxidized
cellulose by NalOs) and lysine residue in amino
group of the enzyme.

For the preparation of the support materials
(oxidized cellulose derivatives and oxidized defatted
cotton) 2% suspension of cellulose and defatted
cotton in 0.2 M sodium metaperiodate was incubated
at 4C for 5 hrs, and washed by distilled water and
then lyophilized.

According to Ann's method® ™", portion (50 mg)
of the partial purified inulinase from Bacilus
sphaericus 188-1 was reacted with 250 mg of the
oxidized cellulose derivatives and defatted cotton in
10 ml of 50 mM sodium phosphate buffer (pH 6.5)
at 37°C for 30 min. The immobilized enzyme was
suspended in 10 mi of sodium phosphate buffer (pH
6.5) and stored at 4°C for further experiments.

The immohilization yvield (%) was determined by
(amount of immobilized protein / amount of protein
loaded) % 100. The activity vield of the immobilized
enzyme (%) was defermined by (inulinase activity
of the immobilization enzyme / inulinase activity
loaded) X 100.

RESULTS AND DISCUSSION

1. Partial purification and immobilization of inul-
inase

The partial purified enzyme showed 121 unit/mlL
of inulinase activity and 50 unit/mg protein of the
specific activity, The partial purified inulinase was
immohilized on various support materials and deter-
mined its immobilization vield and activity vield
(Table 1).

‘When inulinase of B, sphaericus 188-1 was immo-
bilized on 5 hrs-oxidized cellulose, its immohilization
yield(41.0%) and activity yield(39.0%) were maxi-
mized. Therefore, we finally selected 5 hrs- oxidized
cellulose as support matrix for the inulinase immo-
hilization,
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Table 1. Inmobilization of inulinase from Bacillus sphaericus 188-1 onto oxidized cellulose and
defatted cotton

Activity when loaded Activity in Total o Activity
Support Oxidation immobilization  supernatant  Immohilization yield
materials time by NalQ; Total protein  Activity”  (U/g wet wt. of protein vield (%)Y b
. (%)
(mg) (U/ml) materials) (mg)
Celiul 40 min 24 121 7.02 1.87 22 58
elose 5 hr 24 121 7.3 141 41 39
Defatted 5 hr 24 121 173 158 34 143
cotton

¥ One unit of the activity was defined as the amount of enzyme that required to produce reducing sugar equivalent to 1 ¥M of
glucose per min.
" See Materials and Methods for definition,

2. Properties of the immobilized inulinase

The effects of temperature on the activity of the
immobilized inulinase was given in Fig. 1, Optimal
reaction temperature was 50°C, which was higher
than those of the criginal enzyme(40°C) and garlic
inulinase (40°C)%.

The thermal stability of the immobilized enzyme
was investigated and compared with that of the
original enzyme. As shown in Fig, 2, the immobilized

Relative netivity (%)
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enzyme was relatively stable, showing 50% residual Tim e(m in)
activity at 50°C for 20 min wherease original enzyme
had 0% residual activity at 50°C for 20 min®. These Fig. 2. Thermal stability of the native

inulinase and the immobilized inulinase onto
oxidized cellulose. ® : 30°C, © : 40°C, ¥ : 50

results suggest that inulinase immobilization onto
oxidized cellulose is very effective in increasing of

'C, V: 60T Native inulinase : ---, Immobilized
inulinase : ——.
100-‘
their thermal stability and such increase of thermal
g " stability appear to be important for industrial appli-
:g 60 | cation of inulinase.
g Optimal reaction pH of the immobilized enzyme
'§ 401 was 90 and it was stahle at the range of pH
« N 8.0~100. These results were different with that of
original enzyme (optimum pH : 6.5, stable at pH 6.0
0 : : N ~80) (Fig, 3). _
® » © % % i The effects of metal ions and EDTA on the
Temperature(°C) . , - o .
activity of the immobilized inulinase was shown in
Fig. 1. Optimal reaction temperature of the Table 2. The activity of the immobilized imulinase
native inulinase and the immobilized inulinase was activated by K*, Ca®, Mn®*and Hg™, and its
onto oxidized cellulose. Native inulinase : ---, activity was also higher than that of original

Immobilized inulinase : ——. enzymesn.
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Fig. 3. Optimal pH(A) and pH stability (B) of
the immobilized inulinase onto oxidized cellu-
lose. @ : Citrate buffer (pH 4.0~6.0), ©: Phos-
phate buffer (6.0~8.0), w: Tris buffer (pH 8.0
~9.0), Vv Borate buffer (pH 9.0~10.0) (Opt.
pH and pH stability of the native inulinase : pH
6.5. pH 6.0~8.0)%",

All of above results strongly suggest the oxidized
celluloge may be used industrially for conversion of
unstable inulinase against thermal or metal ions to
stable inulinase. Some properties of the immobilized
enzyme was compared with those of the original

31) .
enzyme ' in Table 3.

3. Operation stability of the immoabilized inulinase

The operational stability of the immobilized inul-
inase was studied during a prolonged period for com-
plete hydrolysis of inulin : the continuous hydrolysis
of a 1% inulin solution at a flow rate of 3mL/hr was
performed at 40C by measuring the reducing sugars
released in the effluent (Fig. 4). Complete hydrolysis
of inulin to reducing sugars continued for 6 hrs at 4
0'C without any microbial contamination of packed
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Table 2. Effects of metal ions and EDTA on
the activity of native inulinase and the imino-
bilized inulinase onto oxidized cellulose

Relative activity (%)

Reagents* Native Immobiolizes
inulinase inulinase

Control 100 100
K* 101 143
Na™ 100 76
L 98 85
F* 103 103
Cu?* 3 97
Ca™* 89 134
Fe** 52 81
Mg™ 88 107
Mn** 78 111
Zn* - 93
cd®* 25 81
He™ 10 115
AP* 87 68
EDTA  (ImM) 95 78
(10mM) 74 14

*All of the cations were added as chlorides, except Mg“,
Cu®, Fe¥*, Zn®" and A**, which were added as sulfates. The
enzyme solufions containing 1 mM metal ions and EDTA
except 25 mM of K and Na* were preincubated at 37°C for

2 hr, respectively and the relative activity was measured.

bed column., The operation stability of the immo-

Table 3. Comparison with some properties between the original inulinase and immobilized inulinase

Properties Original enzyme Immobilized enzyme
Specific activity(U/mg protein) 3700 121
Optimal reaction temperatire 40C 50C
Thermal stability 20 % RAY at 40°C for 20 min 50% RA at 50°C for 20min
Optimal reaction pH pH 65 pH 9.0
pH stability pH 6.0~8.0 pH 8.0~10.0

Inhibitor (metal ions)

2+ 2+ 2+
Cu”, Cd”, Hg

only 10mM EDTA

D RA means residual activity.



Vol 14, No. 3(2001)

100
£ g0
o
% 60 ]
2
2 40
I

20 4

0 . . .

0 6 12 18 24 30 36

QO peration time (hr)

Fig. 4. Operational stability of the immohi-
lized inulinase onto oxidized cellulose, 1 % inu-
lin sclution (pH 7.5) was hydrolyzed continu-
ously with a flow rate of ml/hr at 40°C.

bilized inuilnase was lower than those of immobilized
inulinase with aminocelluloﬁnew, with open pore

gelatin matrix®® and with aminoethylcellulose®™,
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