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Abstract A new thermophilic inulinase-producing strain, which grows optimally at 60 °C,
was isolated from soil samples with medium containing inulin as a sole carbon source. It
was identified as a Bacillus smithii by analysis of 16s rDNA. Maximum inulinase yield of
135.2 IU/ml was achieved with medium pH7.0, containing inulin 2.0%, (NH4)H2PO4 0.5%,
yeast extract 0.5%, at 50 °C 200 rpm shaker for 72-h incubation. The purified inulinase
from the extracellular extract of B. smithii T7 shows endoinulinolytic activity. The optimum
pH for this endoinulinase is 4.5 and stable at pH range of 4.0–8.0. The optimum
temperature for enzyme activity was 70 °C, the half life of the endoinulinase is 9 h and
2.5 h at 70 °C and 80 °C respectively. Comparatively lower Michaelis–Menten constant
(4.17 mM) and higher maximum reaction velocity (833 IU/mg protein) demonstrate the
endoinulinase’s greater affinity for inulin substrate. These findings are significant for its
potential industrial application.
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Introduction

Inulin is a linear β-(2, 1)-linked fructose polymer that occurs as a reserve carbohydrate in
many plant families such as Jerusalem artichoke, dahlia tubers, or chicory root [1]. Inulinase
has received much more attention recently as it can be widely applied to hydrolyze inulin for
the production of fuel ethanol [2], fructose, and fructo-oligosaccharides, both of which are
important ingredients in food and pharmaceutical industry [3]. Fructo-oligosaccharides
were found to have good functional and nutritional properties such as low calorie diet,
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bifidus stimulating factor, and source of dietary fiber in food preparations. These
oligosaccharides, therefore, are now widely used to replace sugars in many food
applications such as in confectionery, chocolate, and dairy products [4]. Besides, fructo-
oligosaccharides were suggested to have growth inhibition effect of tumors [5]. One step
enzymatic hydrolysis of inulin with inulinase is the best way to yield fructose and fructo-
oligosaccharides. Inulinase can be produced by many microorganisms, such as yeast, fungi,
and bacteria [6]. Higher temperature optimum of inulinases is an extremely important factor
for the application of these enzymes in commercial production of fructose or fructo-
oligosaccharides from inulin, since high temperatures (60 °C or higher) ensure proper
solubility of inulin and also prevent microbial contamination [1]. Higher thermo-stability of
the industrially important enzymes also brings down the cost of production because lower
amount of enzyme is required to produce the desired product. But up to now, only a few of
enzymes have an optimum temperature of 60 °C or higher, as required for industrial
applications [7–9]. Although the production levels of inulinases in bacteria are not
comparable to those of yeast and fungi, due to the ability of many bacteria to survive at
high temperatures, attempts have been made to isolate bacterial strains which can produce
high quantities of thermo-stable inulinase. But so far, a limited number of thermophiles
with inulinase activity have been described [9–12]. Reports about endoinulinase [13, 14]
are few, especially heat-stable ones from bacteria.

After screening over 50 bacteria strains which can grow on medium with inulin as a sole
carbon source at 45~60 °C from different places of China, one thermophilic strain (Bacillus
smithii T7) from Tianjin was found to produce large amount of extracellular inulinase. In
this paper, optimization of the conditions for inulinase production by B. smithii T7,
purification of the endoinulinase from the extracellular extract and characterization of the
inulinase were reported.

Materials and Methods

Screening Bacteria for Producing Inulinase

Thermophilic bacteria enriched culture from 1 g different soil samples (collected locally in
China) were carried out respectively with selecting medium 50 ml (inulin, 20 g/L, yeast
extract, 5.0 g/L, (NH4)2SO4, 5.0 g/L, pH 7.0) in 250-ml flask at 55 °C incubator for 48 h.
Single colony picked after enriched bacteria culture spread and cultivated on selecting agar
medium (selecting medium with 2% agar) at 55 °C for 48 h, was used for further isolation,
identification, and inulinase activity assay.

Identification of the Thermophilic Strain for Producing Inulinase

Among 50 isolates tested, one strain was found to be a potent inulinase producer and it
was designated as T7. The 16S rDNA gene was amplified by polymerase chain reaction
(PCR) with TaKaRa 16S rDNA bacterial identification PCR kit. The target fragment,
separated by 1% agarose electrophoresis and recovered using TaKaRa agarose gel DNA
purification kit, was sequenced with forward primer 5′-GAGCGGATAACAATTTCACA
CAGG-3′, reverse primer 5′-CGCCAGGGTTTTCCCAGTCACGAC-3′, and Internal
primer 5′-CAGCA GCCGCGGTAATAC-3′ in TaKaRa Biotechnology Co., Ltd. The
sequences obtained were compiled and compared in the GenBank databases using BLAST
program.
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Optimization of Medium Ingredients and Process Parameters for Producing Inulinase
by Bacteria Strain

Fermentation was carried out with selecting medium for optimization of carbon sources,
nitrogen sources and pH, temperature, rotating rate effects on producing inulinase.

Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was carried out
according to Laemmli [15] on 10% polyacrylamide. Proteins were detected by Coomassie
brilliant blue R staining.

Enzyme Purification

The supernatant collected from bacteria culture by centrifuge (SORVAL Rc5C Plus SLA-
3000 rotor, 6,000 rpm, 25 min) at 4 °C, after addition of 40% ammonium sulfate, was
centrifuged (6,000 rpm, 15 min) again at 4 °C. The supernatant fraction was precipitated with
80% ammonium sulfate and centrifuged (6,000 rpm, 15 min) at 4 °C. The precipitate
collected was dissolved and dialyzed against 20 mM Tris HCl buffer (pH 8.0) at 4 °C, and
then applied on a DEAE-Sepharose column 20 ml (Pharmacia XK16×20) equilibrated with
50 mM Tris HCl buffer (pH 8.0). The column was washed with 5 volumes of 500 mM NaCl
and eluted with 3 volumes 600 mM NaCl in the same buffer at a flow rate of 1.0 ml/min.

Thin Layer Chromatography for Characterization of Products Hydrolyzed by Inulinase

Precoated silica thin layer chromatography (TLC) plates (Merck, Germany), after activated,
were spotted with samples, developed twice with the solvent systems using n-butanol,
isopropanol, acetic acid, and water (7:5:2:4, volume ratio) as an irrigating solvent and the
sugars were visualized by heating the plates at 105 °C for 30 min after spraying with 3%
urea in butanol, ethanol, water, orthophosphoric acid (80:8:5:7, volume ratio) [16].

Effects of pH and Temperature on Enzyme Activity and Stability

The effects of pH on the enzyme activity of purified enzyme were investigated in the pH
range 4.0–9.5 at 60 °C (0.1M sodium acetate buffer for pH 4.0–5.5, citrate phosphate buffer
for pH 6.0–6.5, sodium phosphate buffer for pH 7.0–8.0, and Tris–HCl buffer for pH 8.5–
9.5). The stability of the purified enzyme at different pH values was determined by
estimating the residual activity after the enzyme was incubated at 40 °C for 2 h at pH 4.0–
9.5. The optimal temperature for inulinase activity of the enzyme was measured by
incubating the enzyme–substrate mixtures for 10 min at different temperature (40–80 °C) at
pH 4.5 and the released reducing sugars were measured. Thermal stability of the enzyme
was measured in terms of residual activity after the incubation of enzyme in 0.1M sodium
acetate buffer (pH 4.5) at 70 °C and 80 °C for up to 12 h.

Kinetic Parameters

The Michaelis–Menten constant (Km) and maximum reaction velocity (Vmax) for inulin
(0.1–6.4 mM), sucrose (2.5–160 mM) and raffinose (0.5–32 mM) were determined from
simple Lineweaver–Burk plots.
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Inulinase Activity Assay

The hydrolyzed reaction of inulin in 1 ml volume (containing 20 mg inulin, 20 ul enzyme
sample and 800 ul of 0.1M, pH 4.5 acetate buffer) was incubated at 60 °C or 70 °C for
10 min, and stopped immediately by keeping the reaction mixture at 100 °C for 10 min.
The amount of reducing saccharide released was detected by the method of Nelson–
Somogyi [17], and enzyme sample was replaced by the inactivated one (heated at 100 °C
for 10 min), and used as the blank control. One inulinase unit (IU) was defined as the
amount of enzyme that produces one micromole of reducing sugar per minute under the
tested conditions.

Results and Discussions

Identification of the Screened Strain T7

From the analysis of the 16S rDNA gene sequence, The T7 strain was found to be very
similar to B. smithii and the similarity is 99% based on 16S rDNA. Combined with
physiological, biochemical characteristics (data not shown), the strain T7 was identified as a
strain of B. smithii, and named B. smithii T7 (accession number in Genbank is EU628681).

Optimization of Medium Composing

It has been reported that different carbon sources have significant influences on inulinase
production by microorganism [18]. Inulinase produced by B. Smithii T7 was also influenced
greatly by different carbon sources in the medium (data not shown). The order of enzyme
production from different carbon sources was inulin>lactose>fructose>mannitol>glucose>
sucrose. Inulin is the best carbon source for B. smithii T7 to produce inulinase. This result
indicates that the inulinase produced by B. smithii T7 is an inducible enzyme. The optimal
carbon source is the same as Kluyveromyces marxianus [19] and Cryptococcus aureus G7a
[20]. In order to determine the optimum concentration of inulin for inulinase production,
different concentrations (1.0–4.0%, w/v) were tested, and a progressive increase in enzyme
production was observed with the increase of inulin concentration up to 2.0% (w/v) and
thereafter, a decline in enzyme activity was observed. Maximum enzyme production was
69.5 IU/ml at 2.0% (w/v) inulin concentration (data not shown).

Different nitrogen sources were supplemented in the production medium containing
2.0% inulin. The order of production of inulinase under the influence of nitrogen sources
was (NH4)H2PO4>ammonium sulphate>peptone>yeast extract>ammonium chloride>beef
extract>urea (data not shown). Maximum inulinase production, 103.5 IU/ml, was shown by
(NH4)H2PO4. There was an increase in inulinase production with an increase in the
concentration of (NH4)H2PO4 up to 0.5% (w/v) and thereafter, a decline in this function was
recorded. Enzyme production with 0.5% (NH4)H2PO4 was 104.3 IU/ml. The higher
concentration of (NH4)H2PO4 was inhibitory for inulinase synthesis; this indicates that
appropriate concentration of nitrogen source in medium for inulinase production should be
remarkable.

Effect of different initial pH in the medium on inulinase production for B. Smithii T7
revealed that the optimal initial pH in medium for inulinase production was 7.0, and
maximum enzyme production was 85.7 IU/ml (data not shown). Inulinase production can
be more in neutral environment as reported [7, 10].
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Optimization of Process Parameters

The effect of temperature on inulinase production showed that the maximum inulinase
production, 130.8 IU/ml, was observed at 50 °C and the enzyme activity was significantly
reduced at higher temperature (data not shown). In general, temperature influences the
metabolic activity of cells, for example, Bacillus stearothermophilus grows at 41–69 °C and
optimally at 54–55 °C [10], The optimal temperature of Bacillus polymyxa 29, B. polymyxa
722, and Bacillus subtilis 68 is 35 °C, while they showed a few inulinase activities at 45 °C
[17].

A significant increase of inulinase was observed under agitation state (134.2 IU/ml at
200 rpm) compared to stationary condition (35.8 IU/ml). Rotation rate not only affects the
oxygen availability, but also influences on the availability of the nutrients in the medium.
Rotation rate of 150 rpm and 180 rpm were reported optimum for the production of
inulinase from K. marxianus at shake flask level [21, 22].

There was an increase in enzyme production up to 72 h and thereafter it decreased as
shown in Fig. 1. Decrease in nutrient availability in the medium, or catabolic repression of
enzyme could be the main reason of decline in enzyme activity after 72 h of fermentation.

Purification of Inulinase

The results of purification of inulinase from extracellular extract were shown in Table 1.
The crude protein obtained from ammonium sulphate precipitation was loaded on anion–

Fig. 1 Enzyme activity and bio-
mass change of Bacillus smithii
T7 growth

Table 1 Purification of inulinase from Bacillus smithii T7 fermentation supernatant.

Purification
steps

Total protein
(mg)

Total activity
(IU)

Specific activity
(IU/mg protein)

Activity yield
(%)

Purification
fold

CE 1,183.2 4,1676 35.22 100.0 1.00
ASF 775.3 35,951 46.37 86.26 1.32
AECF 12.7 13,674 1076.7 32.8 30.6
SGF 10.3 11,386 1105.4 27.3 31.4

CE Crude extract, ASF ammonium sulfate fraction, precipitated between 40% and 90%, AECF anion
exchange chromatography fraction, using DEAE-Sepharose CL-6B, SGF Superdex75 gel filtration
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ion-exchange column of DEAE-Sepharose, which resulted in 30-fold purification as
compared to the crude extract. The purified inulinase fractions were homogenous, only a
single band was observed on SDS-PAGE (Fig. 2), and the subunit molecular weight is
about 47 kD.

Characteristics of Inulinase

The purified inulinase from B. smithii T7 was incubated with inulin at 60 °C for some time.
The released fructose and oligosaccharides were analyzed by TLC. Little fructose and more
oligosaccharides were found to be the main products of inulin hydrolysis reaction, which
suggests that the inulinase is an endoinulinase (Fig. 3).

Maximum activity was showed at pH 4.5 with sodium acetate buffer in Fig. 4. To
determine the effect of pH on stability, the enzyme extract was incubated for 2 h at 40 °C,
in different pH buffers. The enzyme also retained almost 60% activity between pH 4.0–7.0,
but at pH 7.5 and above, the activity registered a sharp decline.

The optimum temperature of the enzyme was 70 °C (Fig. 5a) at pH 4.5. Compared to
inulinases from Fusarium oxysporum, Penicillium janczewskii, Polystichum aculeatum, and
Penicillium digitatum, which have optimal temperature of 55 °C and 40 °C, respectively
[23], the temperature optimum of B. smithii T7 is significantly higher. After the enzyme
solution was heated at 70 °C and 80 °C for up to 12 h, the residual activities were measured
at 70 °C (Fig. 5b). As compared to 80 °C, the enzyme did not show any significant loss of
activity after 6 h and it retained about 51% activity after 9 h at 70 °C (Fig. 5b). However,
prolonged incubation at 70 °C resulted in a gradual loss of activity of it, but it still retained

Fig. 2 SDS-PAGE analysis of
the purified inulinase. Lane 1,
Inulinase sample. Lane M, mo-
lecular weight standards
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37% activity even after 12 h. The thermo-stability of the inulinase from B. smithii T7 is
higher than that of inulinase from Bacillus sp. 11 and B. stearothermophilus KP1289 which
retained only 7% activity at 70 °C and 50% activity at 69 °C after 15 min and 10 min,
respectively [8, 24]. Further more, the enzyme incubated at 80 °C for 6 h, retained 40%
activity, which has never been reported before. It can be concluded that half-life of the new
heat-resistant inulinase at 70 °C and 80 °C are 9 and 2.5 h respectively.

Besides inulin, the inulinase from B. smithii T7 also hydrolyzed other sugars, such as
raffinose and sucrose, with minimum Km and maximum Kcat being observed for inulin

Fig. 4 Effect of pH on activity
and stability of the inulinase from
Bacillus smithii T7. Data
expressed as the mean±SEM of
three tests. Values in parenthesis
represent the inulinase activity
taken as 100%

Fig. 3 Thin layer chromatogra-
phy for characterization of inulin
hydrolysis products by inulinase.
Lane 1 control, Lane 2 hydrolysis
3 h, Lane 3 hydrolysis 12 h, Lane
4 fructose, Lane 5 glucose, Lane
6 sucrose, Lane 7 raffinose
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(Table 2). The purified endoinulinase showed broad substrate specificity, but the
comparatively lower Km (4.17 mM) and higher Vmax (833 IU/mg protein) demonstrate
its greater affinity for inulin substrate. As compared to the Km values reported for
inulinases from other microorganisms, such as Cryptococcus aureus G7a (20.06 mg/ml)
[20] and B. subtilis 430A (8 mM) [25], the lower Km value (4.17 mM) of the purified
endoinulinase from B. smithii T7 for inulin makes it a better candidate for inulin hydrolysis.

Fig. 5 Temperature effects on
activity and stability of the inuli-
nase from Bacillus smithii T7.
Data expressed as mean±SEM of
three tests. Values in parenthesis
represent the inulinase activity
taken as 100%

Table 2 Kinetic parameters of the inulinase from Bacillus smithii T7.

Substrates Km (mM) Vmax (IU/mg) Kcat (min−1) Kcat/Km(mM−1 min−1)

Inulin 4.17±0.05 833.3±5.4 200 47.92
Sucrose 32.7±0.25 270.3±2.1 8.26 0.25
Raffinose 5.75±0.36 172.4±1.8 30 5.22

Reaction was performed at pH 4.5 and 70 °C with 0.1–6.4 mM inulin (Mr 5000), 2.5–160 mM sucrose and
0.5–32 mM raffinose. Results represent the average of three experiments
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Conclusion

The screened strain of B. smithii T7 is a new thermophilic bacterium that can highly
produce endoinulinase, which was reported first. The higher temperature optimum and
greater thermostability of B. smithii T7 are the desirable features for industrial production of
inulinase that should be a potential heat-resistant enzyme candidate for commercial use and
enzyme functional research.
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