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Abstract

Inulinase(2,1-b-D-fructano -hydrolases EC 3.2.1.7) is an enzyme catalyzing the hydrolysis
of inulin into fructose and oligosaccharides, which are widely used as food additives. In this
study we report inulinase from Pseudomonas putida, as in the past decade there isn't any
report on inulinase from this bacteria, especially purification and characterization of this
enzyme. Pseudomonas putida why gave the highest production level of inulinase, which
purified to homogeneity by ammonium sulphate percipitation, gel filtration and ion-exchange
chromatography with 109.1 fold of purification. The purified enzyme is a single peptide with
approximate molecular mass of 72 kDa as assessed by SDS-PAGE. The enzyme is optimally
active at 55°c and pH 5, however it still possesses more than 70% of the maximal activity at
pH ranging from 4.5 to 7.0, and it is stable at temperature up to 50'c. TLC analysis of end
product (enzyme) revealed that inulinase hydrolyzed inulin with a large amount of
monosaccharides (fructose) and a trace amount of oligosaccharides, indicating that the

purified inulinase had a high exoinulinase activity.
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Introduction

The genus Pseudomonas is one of the most diverse gram-negative, heterogeneous and
ecologically significant group of bacterial genera (1) isolated from sources ranging from
plants to soils and water (2). Pseudomonas is characterized by their ability to grow in simple
media at the expense of a great variety of simple organic compounds, without needing organic

growth factors (2,3).

Pseudomonas putida is a type of gram-negative bacterium that is commonly found in

water and soil (4), particularly around the roots of plants, it can protect from disease from
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other microorganisms (5). Pseudomonas putida are significant to environtment due to its

complex metabolism and ability to control pollution (3,6).

Inulin is present as a reserve carbohydrate in the roots and tubers of plants such as
chicory, dahlia, onion and yacon. The yields of the roots and tubers are very high (7,8). Inulin
consists of linear chains of B-2,1-linked D- fructofuranose molecules terminated by a glucose

residue through a sucrose-type linkage at the reducing end (8,9).

Many inulin sources have recently received attention as a renewable raw material in the
production of innulinase i.e. ethanol, acetone, butanol, pullulan, gluconic acid, sorbitol,

inulooligosaccharides and ultra-high-fructose syrup in pharmaceutical industries (10,11).

Inulin is degraded by inulinase, which cleaves glycoside bonds to form largely (95%) D-
fructose by a single-step process (12,13). Inulinase (2,1-b-D-fructano -hydrolases EC 3.2.1.7)
hydrolyses the inulin in to pure fructose, being an excellent alternative for the production of
fructose syrups (14,15). This sugar is used by the food and beverage industries, besides
sweeteners and shows several adventages in comparison to sucrose, being less cariogenic,
highly soluble and hygroscopic and therefore, less prone to form crystals, has low calory

content and dose not cause arterioscelerosis (16).

Furthermore, fructose may be used by diabetic patients and mask the bitter taste of
saccharm (16). The inulooligosacchrides acting as growth factors for improvments of the
intestinal microbial flora, thus they are considered a prebiotic agents (12), relief of
constipation, decrease of total cholesterol and lipid in the serum and promotion of animal

growth (17).

Microorganisms are the best sourse of inulinases for commercial production. Microbial
inulinases are an important class of industrial enzymes, which are usually inducible and
extracellular (11). Earlier studies focused on inulinase production using various
microorganisms such as yeasts, fungi and bacteria (12,14). Among the bacteria, Bacillus spp.,
Pseudomonas spp., and Streptomyces sp. have been reported as high-yielding inulinase strains

(18). The bacteria Pseudomonas putida has been rarely used for this purpose. To our
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knowledge there is not any report about inulinase production and purification by
Pseudomonas putida. Therefore, the aim of this study was to investigate inulinase production

by Pseudomonas putida besides to purify and characterize this enzyme.

Materials and Methods

Collection of samples: Fourty samples of agricultural wastes were collected from different
fields in Maysan governorate, these samples were included 10 samples each of wheat husk,
rice husk, and rice straw. One gram of each of these samples was suspended in 10 ml of
sterile distilled water and shake vigorously for 10 min. Later, 1 ml of the resulting liquid was

spread on the surface of heart infusion agar plates. The plates were incubated at 30 ‘c for 24
hrs (5,19).

Isolation of Pseudomonas putida: The bacterial isolates were sub cultured to purity. For
isolation of Pseudomonas cells were grown on Pseudomonas isolation agar, then several
biochemical tests were done for differentiation of Pseudomonas putida from the other species
such as a positive oxidase reduction, it's fruity oder, it's inability to grow at 4 ‘c and 427, it's
inability to hydrolyze gelatin and production of flourescent pigment (20,21,22). In addition,
Api 20NE identification to differential it from other types.

Primary screening for inulinase activity: All the bacterial isolates were inoculated in to the
inuline agar plates containing 2g/L of inuline, 10g/L of yeast extract , 20 g/L of MgSo4.7H,0,
2g/L of KCl, 10% of NaCl, 20g/L of agar. Inulin was used as the sole source of carbon in this
medium, thus, bacteria growth after 24 hrs of incubation at 30°c shows this presence of

inulinase activity (23).

Secondary screening for inulinase activity: The selected bacteria isolates were transferred
into 10 ml of a medium contained (g/L): inulin 20, yeast extract 20, (NHs):H2POs 5,
NH4.H2PO4 2, MnCL4HO 0.5, KCI 0.5, MgSO4.7H20 0.5, FeSO4.7H20 0.01, and pH was

adjusted to 7.0. The bacteria isolates were incubated on the rotary shaker at 100 rpm at 30c
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for 24 hrs. After removal of cells by centrifugation at 10000xg for 20 mins. the enzyme

activity, protein content and specific activity were assayed (23,24).

Assay of inulinase: Endoinulinase activity was assayed by incubating 2 ml enzyme solution
with 2% (w/v) inulin prepared in 0.1M sodium acetate buffer (pH 5) at 55 ‘¢ for 60 min. After
incubation, the reaction tubes were kept in a boiling water bath for 10 min. to stop the enzyme
reaction and then cooled to room temperature. The reaction mixture was assayed for reducing
sugar as fructose by DNS method as described by (23,24) by reading the absorbance at 575
nm. The calibration curve was prepared with fructose solutions of known concentration and
blanks were run simultaneously with enzyme and substrate solutions. One unit of inulinase
activity was defined as the amount of enzyme, which produced 1p mole of fructose under the

assay conditions.

Protein determination estimation: Protein content was determined by the method of (25),

using bovine serum albumin as a standard.

Purification of inulinase: Inulinase was purified by modification the method that described
by (26). At the end of incubation period, the cells were separated by centrifugation at 10000
rpm for 20 min (under cooling) and the clear supernatant (crude extract) was partially purified
by salting out with ammonium sulphate at concentration (40-80%) saturations. All samples
were left overnight at 4 c. The precipitates were collected by centrifugation at 1000 rpm for
15 min, dissolved in 5ml of acetate buffer (0.2M, pH 6.0) and dialyzed overnight against the
same buffer. Protein precipitate containing higher enzyme activity was then fractionated on
sephadex G-100 column (1.5x80 cm) that was pre-equilibrated with acetate buffer. The
column was eluted with same buffer at flow rate 0.5 ml/min. Protein concentration at 280 nm
and inulinase were estimated and the active fractions (5 ml each) were pooled and subjected
for further purification on DEAE- Sepharose column (2x20) was eluted with gradient of 0.1-
0.6 M NaCl prepared in 0.2 M acetate buffer (pH 6.0) at a flow rate of Iml/min and 5ml
fractions were collected and assayed for inulinase activity and absorbance at 280 nm. The
fractions showing the highest inulinase activity were pooled and assayed for protein content.

The specific activity of purified enzyme fractions and fold purification were calculated.
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Enzyme Characterization

1- Gel electrophoresis: SDS-PAGE was preformed at a concentration of 12%
polyacrylamide according to the method of (27). The gel was stained with coomassie brilliant
blue R-250. The standard protein marker used were: 3-galactosidase, 116 kDa; phosphorylase
b, 97 kDa; bovine serum albumin, 67 kDa; and egg albumin, 45 kDa; carbonic anhydrase, 36
kDa.

2- Effect of temperature and thermal stability: The purified inulinase was incubated with
inulin at various temperatures ranging from 30 to 70c. Enzyme activity was measured as
previously described. However, for determination of thermal stability, the enzyme was pre-
incubated in the absence of substrate at different temperatures, ranging from 30 to 70 ¢ and
the remaining activity was determined under the standard conditions and reported as relative

activity (%).

3- Effect of pH and pH stability: The optimum pH for the enzyme activity was determined
by carrying out the reaction at different pH values using different buffers (0.1M phosphate,
pH 4.0-7.0, 0.2M Tris-HCI, pH 7.5-9.0). To determine pH stability, the enzyme was incubated
in the presence of pH values within the above cited for 30 min at 55 ‘¢ and the residual activity
was estimated under standard assay conditions. The results were expressed as relative activity

(%) referred to the activity observed before incubation.

4- Inulin hydrolysis: Thin layer chromatography (TLC) was performed on pre-coated silica
gel plates. The plates were spotted with samples, developed by using n-butanol, isopropanol,
acetic acid and water (7:5:2:4, volume ratio) as solvent system. The sugars are visualized by
heating the plates at 105°c for 30 minutes after spraying with 3% urea in butanol, ethanol,
water and orthophosphoric acid (80:8:5:7 volume ratio). Thin layer chromatography was

followed as described by (23).
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Results and Discussion

Isolation of Pseudomonas putida from agricultural wastes

The results showed that 16 samples of isolates of Pseudomonas putida were obtained out 40

samples of agricultural wastes (Table-1).

Eight (8) isolates of Pseudomonas putida were isolated from wheat husk samples, 5 from
rice husk samples and 3 from rice straw samples. Thus wheat husk was showed the best
medium for isolation of Pseudomonas putida. The nature and relative concentration of
carbon, nitrogen and other nutrient sources in culture media are important for the growth and
production of microbial growth (2). (28) revealed that three bacterial strains were isolated
from decomposing rice straw, two of these bacteria, Listeria sp. and Enterobacter sp., were
appeared during initial stages of decomposition whereas the other bacteria Pseudomonas sp.,
became dominant towards the late stages of the process. Also (2) found that increased growth
of Pseudomonas spp. were found at a combination of rice straw, rice husk, wheat husk and

coconut water.
Screening of inulinase producing from Pseudomonas putida

From sixteen Pseudomonas putida isolates initiary subjected to rapid screening for
extracellular inulinase production using inulin agar plates, Twelve isolates were found to be
positive for inulinase activity by growth on this medium. To select the best inulinase
producer, all 12 of these positive isolates were evaluated by secondary screening for inulinase
in liquid culture and it was found that Pseudomonas putida Pwh, produced the highest level
of inulinase with specific activity (1.47) (Figure -1). In this study, this isolate was selected for
further studies.

Inulinase production by Pseudomonas aeruginosa, Xanthomonas oryzae, Lactobacillus
casei and Achromobacter sp. was started from 8th hour and the maximum enzyme activity
was seen during the late logarithmic phase at 22nd hour of fermentation (22), in addition,

Flavobacterium multivorum produced cell bound inulinase at the end of the growth phase
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(29). Bacteria of genus Bacillus are also active producers of extracellular inulinase, 30-42
U/ml inulinase activity were obtained on sucrose as substrate (30). The maximum activity of
endo-inulinase from Pseudomonas sp. was reached when 50g inulin/L as substrate was used
(24). Inulin was the best carbon source for inulinase production by Streptomyces sp., the
maximum enzyme activity of about 0.55 U/ml with pure inulin and about 0.85 U/ml with the

inulin extract at 1% (w/v) (31).
Purification of inulinase

Endoinulinase was obtained as an extracellular enzyme in the culture broth of
Pseudomonas putida Aw». Table (2) summarizes results of the three steps of purification of

endoinulinase.

The first step of purification was carried out by precipitation of protein from the cell-free
supernatant by using ammonium sulphate at 70% saturation. The supernatant obtained from
ammonium sulphate precipitate was first loaded on gel filtration column sephadex G-100. In
this step, inulinase was purified 39.5 fold with yeild of about 23.8%. The activity was located
in peak 3 (Figure-2). The purification procedure was completed by ion exchange
chromatography on DEAE-sephadex using sodium chloride gradient. The results showed that
inulinase was purified 109.1 fold and yeild of 13% obtaining a final specific activity of 160.4
U/mg protein, the highest activity was detected in peak 2 (Figure-3).

The crude endoinulinase preparation is directly useful for large- scale production of
inulooligosaccharides from inulin-containing agricultural crops (32). (15) reached yield of
53.6% of inulinase produced by Aspergillus niveus, using ammonium sulphate, DE-52
cellulose and sephadex G.15. In contrast, (31) reached yield of 1.8% of inulinase by
Streptomyces sp., using ammonium sulphate followed by four steps of column

chromatography.

Cho andYun (32) by using precipitation with ammonium and column chromatography on
phenyl-sepharose and sulphate DEAE-sephacel obtained a purification of 29 fold with a yield

of 5.5% for inulinase of Xanthomonas oryzae. Values higher than our results were mentioned
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by (33) for the purification of the extracellular inulinase of Bacillus smithii, using ammonium
sulphate precipitation and DEAE sepharose CL-6B and superdex75 , resulting a purification
of'31.4 fold with a yield of 27.3%.

Characterization of inulinase

1- Molecular weight of inulinase: The purified enzyme was estimated as a single protein
band with a molecular weight approximately 72 kDa by SDS-polyacrylamide gel
electrophoresis (SDS- PAGE) as shown in (Figure-4). (23,33) reported that the molecular
mass of endoinulinase from Pseudomonas putida and Bacillus smithii were 45 and 47 kDa,
respectively. While (34) characterized the endoinulinase produced by Arthrobacter spp. and
estimated its molecular weight at 75 kDa. So far results was observed by (32) who revealed
that the highest molecular weight of inulinase was 139 kDa in Xanthomonas oryzae No.5. The
molecular weights of many other microbial endoinulinase were around 64, 70, and 78 kDa
from Kluyveromyces marxianus CBS, Streptomyces sp., and Aspergillus niveus, respectively

(15, 31, 35).

2- Effect of temperature and thermal stability: The optimum temperature of purified
inulinase was 55°C (Figure-5) at pH 5, then the activity was declined retaining 32% of the
residual at activity at 70 ‘C. Compared to inulinases from Streptomyces sp. and Aspergillus

niveus, which have optimal temperatures 5.5 and 45 C, respectively (31,15).

Thermal stability study of the purified enzyme revealed that it was stable up to 50°C.
However it retained 12% of its activity after preincubation at 70% (Figure-6). Purified
inulinase exhibiting optimum temperature at 50°C and Stable up to 45°C , has been reported
from Xanthomonas oryzae (32). However, (33) revealed that the higher temperature optimum

and greater thermal stability of inulinase purified from Bacillus smithii T7.

3- Effect of pH and pH stability: The effect of pH on endoinulinase activity was
investigated by measuring the activity within the pH ranges from 4-9 by incubating the
enzyme for lhr. As shown in figure-7, the maximal activity of the enzyme was observed at

pH 5. To determine the effect of pH on stability, the enzyme extract was incubated for 30 min
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at 55 C in different pH buffers. The enzyme retained almost 70% activity between 4.5-7.0, but
at pH 7.5 and above, the activity registered a sharp decline (Figure-8). As pH value diverged
from the optimum level, the efficient functioning of the enzyme was affected, most probably,
due to the change in active site conformation which is determined, in part, by ionic and

hydrogen bonding that can be affected by pH (26).

The inulinase that purified from Bacillus smithii has the highest activity at pH 4.5 and
stable at pH range of 4.0-8.0 (33). In contrast, the inulinases produced by some bacterial
strains hydrolyze inulin optimally at pHs 7 and 7.5, like Arthrobacter spp. (34) and
Xanthomonas oryzae (32).

4- Inulin hydrolysis: The hydrolysis products of inulin by the purified inulinase were
analysed by thin layer chromatography (TLC). A large amount of monosaccharides and a
trace amount of oligosaccharides were detected after the hydrolysis (Figure-9). This means
that the purified inulinase had a high exoinulinase activity. This characteristic may find
potential applications in ultra-high fructose syrup production, food & acid industry, and
ethanol production. The monosaccharides and oligosaccharides were also detected after inulin
hydrolysis for more than 2 h by the purified exoinulinase produced by Pseudomonas
aeruginosa (23). Also inulinases obtained from Kluyveromyces marxianus showed liberation

of fructose from chicory inulin indicating only exoinulinase activity (36).
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Table (1) : Sources and numbers of Pseudomonas putida isolates.

Source of isolate No. of isolates
Wheat husk 8
Rice husk 5
Rice straw 3
Total 16

Table (2) : Summary of treatments used for the purification of inulinase from

Pseudomonas putida whs.

Purification step Size Protein Inulinase Specific Total Purification Yield
(ml) conc. activity activity activity (Fold) (%)
(mg/ml) (U/ml) (U/mg) V)
Crud extract 150 112.6 165.8 1.47 24870 1 100
(NH4)S04 70% 70 34.3 240.7 7.01 16849 4.77 67.75
Sephadex G-100 20 5.1 296.8 58.19 5936 39.59 23.87
DEAE-Sepharose 10 2.02 324.2 160.4 3242 109.12 13.03
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Figure (1): Inulinase production levels by Pseudomonas putida isolates in secondary

screening.
350 - Gl
— 300 -
= 25 g
S 250 =
s F2 3]
& ~
= 200 - ik s
- Qv
o 7 o
; 150 E,
£ 100 - -
2 =
= 50 | I 05
¢} + 0
0 10 20 30 40 50 60
Fraction No.

Figure (2): Purification of inulinase from Pseudomonas putida using gel filtration on

sephadex G-100. (A) refer to inulinase activity, (m) refer to protein concentration.
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Figure (3): Purification of inulinase from Pseudomonas putida using ion exchange on

DEAE- Sepharose. (A) refer to inulinase activity, (m) refer to protein concentration.
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Figure (4): SDS-polyacrylamide gel electrophoresis of purified inulinase from

Pseudomonas putida wh;
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Figure (5): Effect of temperature on activity of the inulinase from Pseudomonas putida
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Figure (6): Effect of temperature on stability of the inulinase from Pseudomonas putida
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Figure (7): Effect of pH on activity of the inulinase from Pseudomonas putida wb:
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Figure (8): Effect of pH on stability of the inulinase from Pseudomonas putida wb,
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Figure (9): Thin layer chromatography of hydrolysis products of inulin with purified
inulinase produced by Pseudomonas putida whz. Lane 1 control (inulin+ inactivated
inulinase at 100°C for 10 min); 2,3 hydrolysis products; 4 fructose; 5 sucrose; 6 kestose

(trisaccharides)
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