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ABSTRACT

Inulinase is an enzyme catalyzing the hydrolysis of inulin, a plant reserve polysaccharide, into fructoses and fructo-
oligosaccharides which are widely used as food additives. Here we report inulinase from a newly isolated Streptomyces
as in the past decade there have been very few reports on inulinases from Streptomyces, especially purification and
characterization of these enzymes. Out of 371 Streptomyces isolates, Streptomyces sp. CPO1 produced highest inulinase
activity of 0.50 U/ml. The enzyme activity was increased to 1.60 U/ml when CPO1 was cultivated under the optimal
conditions which consisted of using basal medium (Czapek’s Dox) containing 1% (w/v) inulin extract from Jerusalem
artichoke’s root tubers and 0.7% (w/v) tryptone at pHS, shaking at 200 rpm and 28°C for 24 h. The enzyme was puri-
fied from culture filtrate to about 67-fold purity by (NH4),SO,4 precipitation followed by four consecutive column
chromatography steps. The purified enzyme is a single peptide with approximate molecular mass of 73 kDa as analyzed
by gel filtration and 70.8 kDa as assessed by SDS-PAGE. The enzyme is optimally active at 55°C and pH 6.0, however
it still possesses more than 80% of the maximal activity at pH ranging from 5.5 to 9.0. It is stable at temperature up to
50°C and at broad range of pH from 5.0 to 9.0 for 30 min. Its K,, and V,,,, values for inulin were 2.34 mM and 440
umol-min~'-mg ', respectively. This enzyme has potential for industrial application as it is active at moderately high

temperature and wide range of pH.
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1. Introduction

Inulin is a polyfructan in plant consisting of linear chains
F-(2,1)-linked fructose residues attached to a terminal
sucrose molecule [1]. It is a reserve as a storage carbo-
hydrate and accumulated in the underground organ of
several plants such as Jerusalem artichoke (Helianthus
tuberosus), chicory (Cichorium intibus), dahlia (Dahlia
pintana) and dandelion (Taraxacum officinal) [2,3]. As it
is abundantly available in nature and having fructose as
its major composition, therefore it is suitable to be used
as a substrate for fructo-oligosaccharides and high fruc-
tose syrup production for food, drink and pharmaceutical
industries [4]. Moreover, fructose is also used as a sub-
strate for bioethanol fermentation as renewable energy
source by Saccharomyces cerevisiae and Zymomonas
mobilis [5].

There have been reports of inulinase, an enzyme cata-
lyzing the hydrolysis of inulin, from many microorgan-
isms including Aspergillus niger NK-126, Kluyveromy-
ces marxianus YS-1, Bacillus smithii T7, Kluyveromyces
sp. Y-85, a mutant of the marine yeast Pichia guillier-
mondii, Staphylococcus sp. and Kluyveromyces marx-
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ianus ATCC 52466 [6-11]. However, there was only few
reports on inulinases from Streptomyces [12,13]. It is
well known that several Streptomyces species produce a
great variety of useful bioactive metabolites, including
antibiotics, anticancer agents, insecticides, enzyme in-
hibitors and industrial important enzymes. Streptomyces
species are soil bacteria found in different environments
around the world, thus the enzymes produced by these
microorganisms should be active under various environ-
ments corresponding to the habitats where they are iso-
lated. Here, we report isolation of Streptomyces from
Thai-soil which is located in the tropical zone and
screening for inulinase-producing ability of the isolates.
Optimization of inulinase-production by the selected
strain, purification and characterization of the enzyme
are also included.

2. Materials and Methods
2.1. Materials

Inulin from chicory root was purchased from Sigma-
Aldrich (Saint Loius, MO). The chromatography unit
used for protein purification was the model Bio-Logic LP
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and slab gel electrophoresis set was the model Mini-
Protein II Dual, both were from Bio-Rad Laboratories
(Hercules, CA).

2.2. Isolation of Streptomyces and Screening for
Inulinase-Producing Strains

Soil samples were collected from garlic-, onion- and Je-
rusalem artichoke-plantations. The samples were sus-
pended in sterile distilled water (1 g in 10 ml), serially
diluted up to 10 and spread (0.1 ml) onto selective hu-
mic acid-vitamin agar medium as described by Haya-
kawa and Nonomura [14] and then incubated at 30°C for
5 - 7 days. Representative colonies were picked up and
isolated to pure cultures using Bennett agar medium. The
pure isolates were stored at —20°C as spore suspension in
sterile 30% (V/V) glycerol prepared according to Kieser,
etal. [15].

To screen for inulinase-producing isolates, spore sus-
pension (100 pl, 10® spores/ml) was inoculated into 30
ml-Luria broth and pregerminated at 30°C for 24 h with
shaking at 200 rpm and used as a seed culture. The seed
culture (10%, V/V) was inoculated into the basal medium
(Czapek’s Dox medium) contained (gl™'): NaNO,, 3.0;
KzHPO4, 10, MgSO47H20, 05, KCI, 05, FQSO47H20
and 1% inulin, pH 5.0 and incubated with shaking at 200
rpm at 30°C for 3 days. After that the mycelium was re-
moved by centrifugation at 8000 rpm for 10 min and the
culture supernatant was assayed for inulinase activity as
described by Sharma and Gill [16] in which the reaction
was performed at pH 6.0 and 60°C.

2.3. Cultivation of Streptomyces sp. CP01 and
Strain Identification

Streptomyces sp. CPOl, a selected inulinase-producing
strain isolated from Jerusalem artichoke-grown soil, was
used for inulinase production. Seed culture for inulinase
production was prepared by inoculating 100 pul of spore
suspension (approx. 10®spores/ml) in 30 ml-Luria broth
medium and incubating at 30°C with shaking at 200 rpm
for 24 h. Ten percent (V/V) of the seed culture was in-
oculated into basal medium containing different carbon
or nitrogen sources as indicated in the results and culti-
vated under the same conditions as those of the seed cul-
ture or otherwise indicated.

For strain identification, its 16S rDNA gene was am-
plified using the primers described by Kataoka, ef al. [17].
Direct sequencing of the PCR product was performed by
Macrogen (Korea) and the sequence was compared with
those retrieved from the GenBank data base.

2.4. Preparation of Crude Inulin Extract from
Jerusalem artichoke

Jerusalem artichoke’s root tubers were obtained locally.

Copyright © 2012 SciRes.

After washing, they were sliced, dried and ground into
powder. The inulin extract was prepared as described by
Singh, et al. [7] by suspending the powder in distilled
water (10%, W/V) then boiled under pressure at 15 psi
for 10 min. After that it was filtered through muslin cloth,
centrifuged at 8000 rpm for 10 min and used as the crude
inulin extract. The inulin content was determined as de-
scribed by Lingyun, et al. [18].

2.5. Enzyme Assay

Inulinase activity was determined as described by Sharma
and Gill [16] with minor modification. The reaction mix-
ture containing 50 pl of enzyme sample, 55 pl of 50 mM
sodium phosphate buffer pH 6.0 and 95 ul of 1% inulin
suspended in 50 mM sodium phosphate buffer pH 6.0
was incubated at 55°C for 20 min. After that the reaction
mixture was kept in ice bath for 5 min to inactivate the
enzyme. The reducing sugars produced were determined
by the DNSA method [19]. One unit of inulinase was
defined as the amount of enzyme that produced one
micromole of reducing sugar per minute under the assay
conditions.

2.6. Enzyme Purification

CPO1 was cultivated under the optimal conditions for inu-
linase production, after that the mycelium was removed
by centrifugation at 8000 rpm for 15 min and the culture
supernatant was used as the crude enzyme. All steps of
the enzyme purification were done at 4°C. The crude
enzyme was first fractionated by ammonium sulfate pre-
cipitation (40% - 80% saturation) followed by dialysis
against sodium-phosphate buffer pH 6.0, concentrated by
dehydrating with Blanose CMC12M31P (Ashland Aqua-
lon) and then applied onto a Macro-Prep DEAE column
(1.5 x 30 cm) pre-equilibrated with 50 mM tris-HCl
buffer pH 7.5. The adsorbed proteins were eluted with a
linear gradient of NaCl (0 - 1 M) in the same buffer at a
flow rate of 0.5 ml/min. The fractions showing inulinase
activity were pooled and dialyzed overnight against 50
mM sodium-phosphate buffer pH 6.0 and concentrated as
above. It was then loaded on Sephacryl S-200 column (1 %
30 c¢m) prior equilibrated with 50 mM sodium-phosphate
buffer pH 6.0. The column was eluted with the same
buffer at a flow rate of 0.12 ml/min. The fractions show-
ing enzyme activity were pooled and concentrated as
above and loaded onto t-butyl hydrophobic interaction
column (0.8 x 10 cm) prior equilibrated with 50 mM
sodium-phosphate buffer pH 6.0 containing 1.7 M am-
monium sulfate.

2.7. Protein Content

Protein content was determined by the Lowry method
[20] using bovine serum albumin as a standard.
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2.8. Enzyme Characterization and Kinetics

For determination of the optimum temperature and pH on
enzyme activity, the activity was first determined under
the standard conditions, from 30°C to 80°C. Enzyme ac-
tivity was then determined at different pH values ranging
from 4.0 to 9.0 at the assessed optimal temperature.

For determination of thermal and pH stability, the en-
zyme was pre-incubated in the absence of substrate at
different temperatures, ranging from 30°C to 90°C, or at
different pH values ranging from 4.0°C to 9.0°C at 55°C
for 30 min and the remaining activity was determined
under the standard conditions and reported as relative
activity of pretreated enzyme.

For the influence of metal ions, the enzyme was pre-
treated with EDTA by dialyzing overnight against 100
mM EDTA in 50 mM sodium phosphate buffer (pH 6.0),
and after that it was dialyzed twice against the same
buffer without EDTA. The effect of metal ions was as-
sessed by pre-incubating the enzyme with the test com-
pound at 0°C for 30 min and then assaying the re-
sidual enzymatic activity under standard conditions. The
Michaelis-Menten kinetic parameters K, and V,,,, were
determined from Lineweaver-Burk plots using inulin
from chicory root and sucrose at concentrations ranging
from 0.5 to 2.0 mM and 20 to 200 mM, respectively, as
substrate.

2.9. Molecular Weight Determination

The molecular weight of the purified inulinase was de-
termined by gel filtration chromatography on a Sephacryl
S-200 HR column( 1 x 50 cm) at a flow rate of 7.2
ml-h™' using catalase (250 kDa) globulin (150 kDa) and
bovie serum albumin (66 kDa) as molecular weight
standards. Subunit molecular weight was determined by
sodium dodecyl sulfate-polyacrylamide gel electrophore-
sis (SDS-PAGE), as described by Laemmli [21], on a
12% (W/V) polyacrylamide gel.

3. Results and Discussion

3.1. Isolation of Streptomyces and Screening for
Inulinase-Producing Isolates

From 371 isolates, Streptomyces strain CP01 was found
to have highest inulinase activity of 0.50 U/ml under
screening conditions. This level was comparable to those
reported from the other Streptomyces which were grown
under their optimal conditions including Streptomyces sp.
GNDUI1 (0.55 U/ml) [13] and Streptomyces sp. isolated
from chicory root (0.52 U/ml) [12]. Streptomyces sp.
CPO1 was therefore selected for further study on inuli-
nase production. This selected isolate was identified by
analyzing its 16S rRNA gene sequence comparing to
those retrieved from the GenBank data base (data not
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shown). The results indicated that CPO1 was closely re-
lated to Streptomyces griseoruber with 99.343% similar-
ity. This 16S rRNA gene sequence was deposited in
GenBank under accession number GU458298.

3.2. Optimization for Inulinase Production by
Streptomyces sp. CP01

Different carbon compounds including sucrose, glucose,
fructose, maltose, manitol, pure inulin from chicory root
and the inulin extract prepared as described in materials
and methods were tested as a carbon source for inulinase
production by CP0O1 grown in the basal medium for 24 h.
As shown in Figure 1, inulin was the best carbon source
for inulinase production yielding the maximum enzyme
activities of about 0.55 U/ml with pure inulin and about
0.85 U/ml with the inulin extract at 1% (W/V). This find-
ing was in agreement with Pandey, et al. [22] who found
that inulin-containing plant materials were superior to
pure substrates for inulinase production. Inulin has also
been reported to be the best carbon source for the pro-
duction of inulinases from various microorganisms in-
cluding Kluyveromyces marxianus YS-1 [7], Kluyvero-
myces marxianus DSM 70106 [23], Kluyveromyces marx-
ianus var. bulgaricus [24], Bacillus smithii T7 [8] and
Cryptococcus aureus G7a [25].

Effect of nitrogen source on the enzyme production
was performed by cultivating CP0O1 in the basal medium
containing 1% inulin extract and 0.3% (w/v) of different
nitrogen sources. Similar to Thielaria terrestris NRRL
8126 and Aspergillus foetidus NRRL 337 reported by
Fawzi [26], tryptone was found to be the best nitrogen
source for inulinase production and the optimal concen-
tration for CPO1 was obtained at 0.7% (W/V) yielding
inulinase activity of about 1.3 U/ml (Figure 2).
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Figure 1. Effects of carbon sources on inulinase production
by CPO1.
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Effects of pH and temperature on inulinase production
were also assessed and found that the optimal pH and
temperature were pH 8.0 and 28°C, respectively (Figure
3). Under these conditions inulinase activity of about 1.6
U/ml which was about 3-fold higher than that of the
screening conditions was obtained. This finding indicated
that CPO1 was the most potent inulinase-producer among
Streptomyces ever reported so far.

3.3. Purification, Molecular Characteristics and
Properties of Inulinase

Inulinase from Streptomyces sp. CP0l was purified to
homogeneity with about 67 fold-purity by fractionation
with ammonium sulfate followed by four steps of column
chromatography (Table 1). The enzyme had molecular
mass of approximately 73 kDa estimated by gel filtration
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Figure 2. Effect of (a) nitrogen source and (b) concentration of tryptone on inulinase production.
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Figure 3. Effects of (a) initial pH and (b) cultivation temperature on inulinase production.

Table 1. Purification of inulinase from Streptomyces sp. CP01.

Specific activity

Step of purification Total activity (U) Total protein (mg) (Urmg ) Yield (%) Purification (fold)

Culture supernatant 1278.0 294.4 43 100.0 1.0
Ammonium sulfate precipitation

(40% - 80% saturation) 809.9 67.5 12.00 63.4 2.8
Macro-Prep DEAE 404.4 4.9 83.0 31.6 19.1
Sephacryl S-200 172.7 1.0 167.7 13.5 38.6
t-Butyl hydrophobic interaction 69.4 0.4 192.2 5.4 44.4
Hydroxyapatite 232 0.08 290.2 1.8 66.9
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on Sephacryl S-200 (data not shown) and 70.8 kDa ana-
lyzed by SDS-PAGE (Figure 4). These values were dif-
ferent from that of the inulinase from Streptomyces sp.
(45 kDa) [16]. The enzyme had optimal activity at 55°C
and was stable at temperature up to 50 and still retained
about 80% of its activity at 55°C (Figure 5). It is consid-
ered to be active at moderately high temperature when
compared to those of the other inulinases such as from
Aspergillus niger Mutant 817 (40°C) [27], Bacillus po-
lymyxa (35°C) [28] and Cryptococcus aureus G7a (50 °C)
[25]. The enzyme had optimal pH of 6.0, however it was
still quite active at broad pH range from 5.5 to 9.0 and
stable at broad range of pH from 5.0 to 9.0 for 30 min
(Figure 6) whereas inulinases from many microorgan-
isms were reported to be optimally active at acid pH in-
cluding Aspergillus niger Mutant 817 (pH 5.0) [27], Ba-
cillus smithii T7 (pH 4.5) [8] Kluyveromyces marxianus
var. bulgaricus (pH 4.75) [29] and Fusarium oxysporum
(pH 4.0 - 5.5) [30].
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Figure 4. SDS-PAGE of the purified inulinase. Lane 1,
prestained SDS-PAGE standards (catalog# 161-0318 from
Bio-Rad Laboratories); Myosin (209 kDa), f-galactosidase
(124 kDa), Bovine serum albumin (80 kDa), Ovalbumin
(49.1 kDa), carbonic anhydrase (34.8 kDa), Soybean trypsin
inhibitor (28.9 kDa); Lane 2, the purified inulinase (<).
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Figure 5. Effect of temperature on activity (A) and stability
(o) of the enzyme.
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For substrate specificity, its K,, and V,, values for
inulin were 2.34 mM and 440 pmol min '-mg ', respec-
tively and for sucrose were 40 mM and 12.31 pmol
min-mg', respectively. Its K,, value for inulin was
lower than those from Bacillus smithii T7 (4.17 mM) [8]
and Kluyveromyces marxianus var.bulgaricus (11.9 mM)
[29] while its K, value for sucrose was closely similar to
that of Kluyveromyces marxianus CDBB-L-278 (40.18
mM) [31].

We also assessed the effect of metal ions on inulinase
activity. We found that Hg*', the typical inhibitor of most
enzymes, was the most potent inhibitor, whereas Mg*",
Mn?* and Co®" strongly activated the enzyme activity
(Table 2). There have been reports that Mn*" and Co*"
activated the activity of inulinases from Aspergillus niger
Mutant 817 [27], Kluyveromyces marxianus YS-1 [32]
and Streptomyces sp. [16]. It was also found that, Cu*"
slightly activated inulinase from CPO1 while Fe*", Zn*"
and Ca”" had slight inhibitory effect. This is in contrast to
inulinases from many microorganisms which were strongly
inhibited by more variety of metal ions such as inulinase
from Kluyveromyces marxianus YS-1 was inhibited by

100
80 A
60 |

40 |

Relative activity (%)

4 5 6 7 8 9 10
pH

Figure 6. Effect of pH on activity (—) and stability (— -) of
the enzyme. (0), 50 mM sodium acetate buffer; (A), 50 mM
sodium phosphate buffer; (0), 50 mM tris-HCI buffer.

Table 2. Effects of various metal ions on inulinase activity.

Ton (ImM) Relative activity” (%)
None 100

MgSO, 7TH,O 113

FeSO4 7H,O 88
CuSO4:5H,0 105
CoCl,-6H,0 128

ZnS04 7H,0 88

MnSO, H,O 159
CaCl,'SH,O 98

HgCl, 8

“Relative activities were calculated in relation to the enzyme activity without
ion, which was considered to be 100%.
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Cu*", Mg”" Zn*" and Ca®" [32] while that from Rhizocto-
nia solani was inhibited by Fe**, Zn*", Mg®*, Mn?" [33]
and inulinase from Aspergillus fumigatus was inhibited
by Fe**, Zn*" and Co®* [34]. As only few metal ions have
inhibitory effect on inulinase from CPO1, this enzyme is
considered to have superior properties.

The amino acid modifying agents ethylmethylamino-
propyl carbodiimide and phenylmethylsulfonyl fluoride
had little effect on enzyme activity even at concentra-
tions as high as 10 mM. However, the enzyme was com-
pletely inhibited by 1mM N-bromosuccinimide and the
activity was reduced about 40% by 10 mM iodoacetamide
(Table 3) suggesting tryptophan and cysteine residues
are involved in catalytic activity and tryptophan might
play the most important role. There have been reports
that tryptophan is important for catalytic activity of inu-
linases from Aspergillus niger Mutant 817 [27] and Peni-
cillium sp. TN-88 [35] whereas cysteine is important for
inulinases from Cryptococcus aureus G7a [36] and Pichia
guilliermondii [37].

Further characterization of inulinase from CPO1 by
analyzing inulin hydrolysis-products by thin layer chro-
matography indicated that this enzyme is endoinulinase
(Figure 7). It is different from the inulinase from Strep-
tomyces sp., the only purified and characterized inulinase

Table 3. Effects of amino acid modifying agents on inulinase
activity.

Relative activity® (%)

Amino acid modifying agent

1 mM 10 mM
Control 100 100
Todoacetamide (IAM) 87.8 62.1
?glg[l\@;thylaminopropyl-carbodiimide 1015 98.7
Phenylmethylsulfonyl-fluoride (PMSF) 97.34 91.5
N-Bromosuccimide (NBS) 0 ND°

“Relative activities were calculated in relation to the enzyme activity without
pretreatment with amino acid modifying agents, which was considered to be
100%; °Not done.

3 a4 s 1 F s
Figure 7. Thin layer chromatography of products of inulin
hydrolysis by the purified enzyme. 1 to 5, products from

reaction times at 10, 20, 30, 60 and 90 min, respectively; I,
inulin; F, fructose; S, sucrose.
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from Streptomyces being reported so far, which is exo-
inulinase [16].

4. Conclusion

Streptomyces sp. CPO1, a strong inulinase producer among
Streptomyces, was isolated from Thai-soil. Under the
optimal conditions, it produced about 3 folds higher inu-
linase activity than those of the other Streptomyces re-
ported so far. The pure enzyme showed superior charac-
teristics, including optimal activity at moderately high
temperature and near neutral pH and retaining high ac-
tivity at wide pH-range when compared to those of inu-
linases from other microorganisms. Moreover, it has
lower K, value for inulin, therefore this enzyme has high
potential for industrial application.
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