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Abstract: Inulinase produced by Aspergillus niger AN20 was partially purified using two chroma-
tographic techniques, ion exchange chromatography by DEAE-cellulose and gel filtration by Se-
phadex G-150. The two steps gave specific activity of 810 U/mg proteins, the purification fold was
8.1 and enzymatic yield was 33.5 %. Some biochemical characteristics of the partially purified in-
ulinase were determined and the results revealed that the enzyme have a molecular weight of 42
KDa., optimum pH for inulinase activity was 4.5, and the pH of the enzyme stability was the range
4.0-8.0. The maximum activity of purified inulinase activity from A. niger AN20 was determined as
50 °C, while the thermal stability ranges from 20-50 Ce. The aim of this study was the extraction and
purification of inulinase produced from Aspergillus niger AN20 by solid state fermentation.
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Introduction

Inulinases are enzymes that degrade the
B-(2, 1) linkages of B-fructans, like inu-
lin. Inulinases are classified into endo-
and exo-inulinases, depending on their
mode of action. They act by two mech-
anisms: exo-inulinases (EC 3.2.1.80)
sequentially split-off the terminal B-(2,
1) fructofuranosidic bonds, while endo-
inulinases (EC 3.2.1.7) hydrolyze the
internal linkages in inulin and release
inulooligosaccharides. Inulinases are
produced from several fungal species
(1). The genus Aspergillus is one of the
most important filamentous fungal gen-
era. Aspergillus species are used in the
fermentation industry (2).

Aspergillus niger is a soil saprobe with
a wide array of hydrolytic and oxidative
enzymes involved in the breakdown of
plant lignocellulose. A variety of these
enzymes from A. niger are important in
the biotechnology industry (3). Produc-
tion of inulinase by fermentation which
is @ method of generating enzymes for
industrial purposes. Fermentation in-
volves the use of microorganisms, like
bacteria and yeast to produce the en-
zymes.

There are two methods of fermentation
used to produce enzymes. These are
submerged fermentation and solid-state
fermentation (SSF) (4). The production
of enzymes by SSF has gained much
attention in biotechnology studies for
production of lipases, inulinase, prote-
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ases, etc. The use of low cost residues,
higher productivities, low energy re-
quirements, lower waste water produc-
tion, extended stability of products and
low production costs are some of the
main advantages of SSF (5).

Materials and Methods
Chemicals and Media

Potato-dextrose agar (PDA) was ob-
tained from Hi-medias. Sephadex G-
150 and DEAE-cellulose column were
purchased from Pharmacia Fine Chemi-
cals. Coomassie brilliant blue and bo-
vine serum albumin (BSA), were ob-
tained from Sigma Co. other chemicals
were supplied by BDH Chemicals.

Inulinase Production

Aspergillus niger AN20 isolate was cul-
tured on potato dextrose agar. Then in-
ulinase production from this isolate
were determined by using a medium
composed of sugar cane moisten with
corn steep liquor 5:5 (v\w) at initial pH
5.0 and incubated for 96 hours at 30°C.

Inulinase Extraction

Enzyme assay was performed according
to the method described by mazutii et
al. (6). After four days incubation, 50
ml of sodium acetate solution (0.1 M,
pH 4.8) was added to each flask, and
incubated in shaker incubator for 30
min. at 30 °C and 150 rpm for enzyme
extraction, and then the extract was fil-
trated by Whatman filter No.1 paper.
The filtrate was considered as crude en-
zyme, then the enzyme activity and pro-
tein concentration were estimated.

Estimation of Inulinase Activity and
Concentration

Inulinase activity was estimated in solu-
tions resulted after extraction of the en-
zyme, by the method described by Mil-
ler (7), which depends on estimation of
reducing sugar as liberated from inuline
after hydrolysis by inulinase (substrate
concentration inuline 1% in sodium ace-
tate pH 5). Unit of enzyme activity is
defined as the amount of enzyme that
liberate 1uM of fructose per minute in
standard conditions. Protein concentra-
tion was estimated according to the
method described by Bradford depend-
ing on BSA standard curve and using of
Coomassie blue G-250 and measured at
595 nm (8).

Partial Purification of Inulinase

Inulinase Purification by lon Ex-
Change Chromatography

DEAE-cellulose was prepared as de-
scribed by Whitaker (9). An amount of
10 ml of inulinase concentrated by su-
crose was passed through DEAE-
cellulose column (16x1.5 cm) carefully
using pasture pipette, then washed with
0.005 M phosphate buffer pH 7.0, the
fractions (proteins) were eluted with
phosphate buffer pH 7.0 and NaCl gra-
dient 0.1-1 M, at a flow rate of 45
ml/hour, 3 ml fractions of eluted were
collected. Protein contents were traced
in accordance to absorbency at 280 nm,
the enzyme activity was estimated. The
fractions which contained enzyme activ-
ity were collected and concentrated by
sucrose.
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Inulinase Purification by Gel Filtra-
tion Chromatography

Sephadex-G150 was prepared and
packed following the instructions de-
scribed by the manufacturing company
(Pharmacia Sweden). Nine ml of the
enzyme solution was passed carefully
through the column (37x1.5 cm) using a
pasture pipette. Protein sample was
eluted by 0.2 M phosphate buffer pH
7.0, and 3 ml fractions were collected.
Protein content of each fraction was de-
termined spectrophotometrically at 280
nm. The peaks were estimated by plot-
ting the absorbency versus fraction
number, and then protein concentration
and enzyme activity were estimated.

Inulinase Characterization
Inulinase Molecular Weight

Molecular weight of inulinase from A.
niger AN20 was estimated according to
methods described by Whitaker;
Stellwagen (10, 11), using Sephadex G-
150 column (37x1.5 cm) with standard
proteins (Urease, Trypsin, Ovatransfer-
rin and Bovine serum albumin).

Optimum pH for Inulinase Activity

The substrate solution (1 % inuline) was
prepared of different pH (2-8). Enzyme
activity for the prepared substrate was
estimated for the different pH, the rela-
tion between enzyme activity and pH
was drawn to determine the optimum
pH of enzyme activity.

Optimum pH for Enzyme Stability
Two ml of the enzyme was mixed with

2ml of buffers previously prepared at
pH range 2-8, in test tubes and incubat-

ed in a water bath at 50 °C for 30 min,
then cooled directly in ice bath and the
enzyme activity was estimated for each
treatment, the relation between remain-
ing activity % and pH was drawn to de-
termine the pH of inulinase stability.
Optimum Temperature for Inulinase
Activity

The substrate solution (0.9 ml) was
added to 0.1ml of enzyme solution and
incubated for 15 min. in water bath at
different temperatures (20, 25, 30, 35,
40, 45, 50, 55, 60, 65, and 70) °C, then
the activity was estimated for each
treatment, and the relation between en-
zyme activity and temperature was
drawn to determine the optimum tem-
perature for inulinase activity.

Thermal Stability of Inulinase

One ml of partial purified inulinase was
incubated in a water bath at different
temperature degrees (20, 25, 30, 35, 40,
45, 50, 55, 60, 65, 70, 75, 80 and 85) °C
for 30 min. and then the test tubes con-
taining the enzyme were transferred di-
rectly to ice bath, then the enzyme ac-
tivity was estimated. The relation be-
tween remaining activity (%) and tem-
peratures was drawn to determine the
thermal stability of the enzyme.

Results and Discussion
Purification of Inulinase
lon Exchange Chromatography

lon exchange chromatography was done
to the crude enzyme after concentration
by sucrose, DEAE—cellulose used as ion
exchanger in presence of phosphate
buffer 0.02 M, pH 7.0. The results
showed two peaks of protein in the
wash step, and only one peak of enzyme
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activity in fractions (19-34). Three
peaks appeared in elution step with no
enzyme activity. The purification fold
of this step was 5.3 and yield 60 % and
gave specific activity of 532.5 U\mg
(table 2) (figure 1). lon exchange chro-
matography was used in many studies
of inulinase purification from fungi, Er-
tan et al. (12) used DEAE- cellulose in
inulinase purification from Rhizoctonia
solani and the purification fold of his

experiment was 5.21 and the vyield
17.93%. This enzyme was also purified
from Alternaria alternata by DEAE-
cellulose exchanger resulted in purifica-
tion fold 65.89 and enzymatic yield
11.56% (13), while Souza- Motta et
al.(14) used DEAE-52 to purify in-
ulinase from Aspergillus niveus with
purification fold 32.78 and vyield
83.05%.

Absorbance at 280 nm

~
1 10 19 28 37 46 55

Absorbance Activity
—_— ——

Elution

10

Inulinase activity (U/ml)

82 91 100 109 118 127 136

|Fractions No.

Figure (1): lon exchange chromatography for inulinase purification from A. niger AN20 by DEAE-

cellulose column (16-1.5 cm) equilibrated with phosphate buffer (0.02 M , pH 7.0), eluted with

phosphate buffer with NaCl gradient 0-1 M in flow rate 45 mi/hr., 3 ml for each fraction.

Gel Filtration Chromatography

Gel filtration step followed ion ex-
change, in two steps. Figure (2) shows
results of the first step of gel filtration.
Three peaks of protein were separated.
After estimating enzymatic activity of
each peak, only one shows activity in

fractions 19-28, the fractions which
show activity are collected and mixed
together and the solution was concen-
trated by sucrose to 9 ml. The first step
of gel filtration gives specific activity of
630 U\mg, purification fold 6.3 and en-
zymatic yield 35.5 % (table 1).
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Figure (2): Gel filtration chromatography (First step) for partial purification of inulinase from A.
niger AN20 by using Sephadex G-150 column (37x1.5 cm) equilibrated with 0.2 M phosphate buffer

pH 7.0 with a flow rate of 36 ml/hour, 3 ml for each fraction.

The second step of gel filtration was
done after the first step of gel filtration,
where the fractions which showed activ-
ity were gathered and concentrated, then
passed through the gel filtration column
(figure 3). Only one peak appeared con-
tain enzymatic activity identical to the
protein peak. This proves the purity of
the enzyme (9). After second step of gel
filtration, the specific activity became
810 U/mg, purification fold 8.1 and en-
zymatic yield 33.5 % (table 1). Sphadex
G-150 gel was chosen because it per-
mits passage of proteins between 5-300
kilo Dalton, which is the range that cov-

er the molecular weights of inulinases
that are purified from different A. niger
isolates. Singh & Gill (15) referred that
the molecular weights of inulinases re-
lies are between 28-300 kilo dalton. Se-
phadex G-150 was used in many studies
of inulinase purification, Kochhar et al.
(16) used sephadex G-150 for purifica-
tion of inulinase extracted from Asper-
gillus versicolor and the purification
fold of his study was 50. Chen et al.
(17) used Sephadex G-150 and obtained
purification fold 67 and enzymatic yield
of 25.5%.
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Figure (3): Gel filtration (second step) for partial purification of inulinase from A.niger AN20 by
using Sephadex G-150 column (37x1.5 cm) equilibrated with 0.2 M phosphate buffer pH 7.0, with a

flow rate of 36 ml/hour, 3 ml for each fraction.

Table (1): Purfication steps of inulinase from local isolate A. niger AN20:

Purfication steps Volume Activity Protein Specific Total Purific- Yield
(ml) (U/ml) conc. activity Activity | ation fold| (%)
(mg/ml) (U/mg) U
Crude extract of enzyme 80 2 0.02 100 160 1 100
Cocentration of enzyme 10 14.8 0.11 1345 148 1.34 92.5
solution by sucrsoe
lon-exchange
chromatocraphy DEAE-
cellulose (wash) after 9 10.65 0.02 532.5 95.85 5.3 60
concentration by sucrose
Gel filtration chroma-
tography after concen-
tration by sucrose (First 9 6.3 0.01 630 56.7 6.3 354
step)
Gel filtration chroma-
tography (Second step)
22 243 0.003 810 53.46 8.1 334
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Characterization of Inulinase from
Local Isolate A. niger AN20

Enzyme Molecular Weight

Gel filtration chromatography was used
to estimate inulinase molecular weight,
according to the standard curve which
represent the relationship between the
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log of molecular weight of standard pro-
teins versus (Ve\Vo) as illustrated in
(figure 4) which shows that the molecu-
lar weight of inulinase purified from A.
niger AN20 was 42 kilo Dalton. Singh
& Gill (15) found that the molecular
weights of inulinases lie between 28-
300 kilo Dalton.
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Figure (4): Estimation the molecular weight of inulinase from local isolate A. niger AN20 by gel

filtration chromatography.

Another study by Nakamura et al. (18)
showed that the molecular weights of
endo-inulinases isozymes purified from
A. niger strain 817 were 70 and 68 for
(P-1A) and (P-IB) respectively. Ettalibi
& Baratti (19) who found molecular
weights of inulinase isozymes from As-
pergillus ficuam were 74 and 64 KDa.,
while the other study showed that 66
KDa., was the molecular weight of in-
ulinase purified from Aspergillus ficuum
(Uhm et al.) (20).

Optimum pH for Enzyme Activity

The effect of pH on Inulinase activity
was studied, figure (5) shows results
that the pH 4.5 is the optimum pH for
inulinase activity, while the activity de-
creased in pH below and above 4.5.
The pH of a solution had several effects
on the structure and activity of en-
zymes; pH could effected on the state of
ionization of acidic or basic amino ac-
ids. Acidic amino acids had carboxyl
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functional groups in their side chains.
Basic amino acids have amine function-
al groups in their side chains. If the state
of ionization of amino acids in a protein
was altered then the ionic bonds that
help to determine the 3-D shape of the
protein can be altered. This can lead to
altered protein recognition or an en-
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zyme might become inactive. Changes
in pH may not only affect the shape of
an enzyme but it may also change the
shape or the properties of the substrate
so that either the substrate cannot bind
to the active site or it cannot undergo
catalysis (Chesworth et al.) (21).

3
2.5
E
= 2
=
£ 15
2
G
& !
Q
S
£
5
£ o - - - - - - - - - .
3.5 4 4.5 5 5.5 6 6.5 7 7.5 8 8.5
pH

Figure (5): Optimum pH for purified inulinase activity from local isolate A. niger AN20

Arand et al. (22) found that the opti-
mum pH for inulinase activity from A.
awamorii was 4.5; while Derycke &
Vandamme (23) found the optimum pH
for inulinase from A. niger was 4.3.

Enzyme Stability pH

The pH of enzyme stability was studied
because it is an important criterion in
determining the optimum conditions in
purification and storage of the enzyme.

Figure (6) shows the results of the
study, where the range of inulinase sta-
bility was from 4.0 - 8.0, while the ac-
tivity was very low at acidic pH (below
4) and basic pH between 9 - 10. The
lowering in enzymatic activity in ex-
treme acidic and extreme basic condi-
tions may be due to changes in tertiary
structure of the enzymatic residues as
well as changes in ionic state of the ac-
tive site of the enzyme and substrate
(24, 25).
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Figure (6):

Nakamura et al. (18) in a study to de-
termine the pH for inulinase isozymes
found that A. niger strain PIl isozyme
was stable in pH ranging from 3.2-7,
while PIII is stable in pH ranges from
5-7. Skowronek & Fidurek (26) study
showed that A. niger 20 OSM en-
doinulinase is stable in range 4 — 7 these
results were close to the results of the
present study.

Optimum Temperature of Inulinase
Activity

Optimum temperature of inulinase ac-
tivity was studied by incubating the en-
zyme with the substrate at different
temperatures 20-70 "C for 15 min, the
results showed that the optimum tem-
perature for inulinase activity from As-
pergillus niger AN20 was 50 °C, where

I~
~l
[9,)

100

Stability pH for purified inulinase from local isolate A. niger AN20

it gave highest activity at this tempera-
ture 1.92 U/ml (figure 7), and the activi-
ty decreases above and below this tem-
perature, and lost completely at 70 °C.
The results showed an increase in reac-
tions speed until it reached 50 Ce then
began to decrease over 55Ce. This be-
longs to the increase of clash between
the enzymatic molecules participating in
the reaction with the substrate as a re-
sult of increasing the kinetic energy of
the molecules, while the decrease in the
enzymatic activity by temperature de-
grees over 55C¢ is a result of the dena-
turation of protein structure and changes
in the active sites which leads to loss of
the activity (27). These results agreed
with the results found by Rouwenhorst
et al. (28), where they found that the
maximum activity lied between 40-50
°C.



Iraqgi Journal of Biotechnology

Inulinase activity (U/ml)

=]

120

Temperature C°

Figure (7): Optimum temperature for purified inulinase activity from local isolates A. niger AN20.

Thermal Stability of Inulinase

Incubation of inulinase from A. niger
ANZ20 in different temperature degrees
between 20 — 70 Ce for 30 min, showed
that the enzyme was stable in tempera-
tures between 20 —50 Ce, then the activi-
ty began to decrease and was complete-
ly lost in 75°C (figure 8). This decrease

120

Remaining activity (%)
|

in enzymatic activity may be due to the
thermal effect on the enzyme structure
then it's denaturation (29).Where tem-
perature may effect on the protein struc-
ture by breaking the bonds that stabiliz-
es secondary and tertiary structure of
proteinwhich results to denaturation
(22).

0 > > > . - -
flS 20 25 30 35 40 45

50 55 60 65 70 75 @80 85

Temperature C°

Figure (8): Thermal stability of inulinase purified from local isolate A. niger AN20.
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Studies of thermal effect on enzymatic
activity showed different  results.
Nakamura et al. (18) found that in-
ulinase isozymes PII and PIII from As-
pergillus niger Strain 12, keeps its ac-
tivity when enzyme incubated for 30
min, at 50 and 60 °C, while they lose
thier activity at 70 and 80 °C . The
thermal stability of inulinase from
Chrysosporium  pannorium  studies
showed that the enzyme was thermally
stable when incubated for 30 min at
temperatures up to 45°C, but loses 15%
of its activity when incubating at 50 °C,
and completely loses its activity at 60
°C (30).
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