
ABSTRACT
A novel strain of Enterobacter aerogenes isolated from rhizosphere soil has an ability to produce intracellular levanase when 
grown on basal medium containing the levan as substrate. Levanase was purified to homogeneity with a recovery yield of 
57.85% and 22.5 fold of purification by using ammonium sulfate at 40% saturation followed by ion-exchange chromatography 
on Sepharose CL-6B column and gel filtration chromatography on Sephadex G-100 column. The purified levanase has a 
potential prebiotic property of enhancing the growth of lactic acid bacteria while apparently inhibiting the growth of pathogenic 
bacteria. Typically, prebiotic properties should not only reduce the growth of pathogens but must also promote the growth of 
desirable and beneficial bacteria, such as Lactobacillus. Thus the levanase may be used in animal feed to improve digestibility 
and support gastrointestinal health.
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INTRODUCTION
They contain a high content of nitrogen, phosphorus, and 
potassium in the rhizosphere led to enhance of plant growth and 
stimulation of microorganisms such as Pseudomonas, Listeria, 
Bacillus, Paenibacillus, and Enterobacter1. Enterobacteriaceae 
are distributed worldwide. They are found in soil, water, fruits, 
meats, eggs, vegetables, grains, flowering plants and trees, and 
in animals from insects to man.2,3 Enterobacter aerogenes is a 
Gram-negative belonging to the family of Enterobacteriaceae. 
Enterobacter is widely finding in nature since it found in the 
seeds, plants, soil, marine and freshwater, sewage, and dairy 
products besides to intestines of animals and humans.1,3. E. 
aerogenes is a part of the normal flora of a human and animal 
gastrointestinal tract, and when host resistance is low, it acts 
as an opportunistic pathogen and causes different infections 
such as wound infections, meningitis, respiratory, and urinary 
tract infections, bacteremia and septicemia, septic shock and 
abdominal cavity/intestinal infections.4-6

The transfructosylation of a levansucrase (EC 2,4,1,10) for 
sucrose led to synthesize of levan which is a group of fructans; 
polymers of fructose forming a non-structural carbohydrate7 
and produced by microorganisms as an energy reserve and 
defense in addition to plants.8

Fructan that produced by bacteria called levan.8 

Levanase (2,6-fi-D-fructanohydrolase, EC 3.2,1.65) is a 
hydrolytic enzyme that cleaves beta-2,6 glycosidic linkage of 
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levan, producing oligofructose and/or fructose. This enzyme 
was produced by yeasts, filamentous fungi and some bacteria, 
including Streptococcus mutans, Clostridium acetobutylicum 
and B. subtilis.7 There are two modes of action for Levanase 
included an endo-type and exo-type levanase. Endolevanase 
hydrolyzes within the levan chain, releasing oligofructose with 
different sizes and fructose as a product, while exolevanase 
hydrolyzes at end of levan chains, giving only single size 
product.9

In this study, we isolated, screened and identified an 
effective strain of levanase producing bacteria besides to 
purification of levanase and investigation of its prebiotic and 
antibacterial properties.

MATERIALS AND METHODS

Samples collection and primary screening 
Twenty rhizosphere soil samples were collected from different 
locations in the Mustansiryiah University garden. One gram 
of each sample was suspended in 10 mL of sterile distilled 
water and shake vigorously for 10 minutes. Then 0.1 of the 
suspending liquid was spread on the surface of basal medium 
containing per liter ((NH4)2SO4 2.1 g, MgSO4.7H2O: 0.3 g, 
CaCl2.2H2O: 0.3 g, FeSO4.7H2O: 0.5 g, KH2PO4: 10.0 g) 
supplemented with 2% (w/v) levan as the sole carbon source 
and 20g/l agar-agar. The bacteria growth after 24 hours of 
incubation at 30ºC shows the presence of levanase activity, 
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and then the diameters of clear zones around the colonies were 
measured as recommended by.10 
Biological diagnosis
The growing bacterial isolates were observed for morphological 
characters and identified by using the tests guided by Berge’s 
Manual of Systemic Bacteriology and identified by gram 
staining pattern, characteristic colonies (shiny colonies 
with entire margins and convex elevation) and standard 
biochemical reaction like catalase test(+),oxidase test(-),indole 
test( negative), methyl red test(-),urease test(-) and ability to 
motile.11,12 The diagnostic was confirmed by using Vitek 2 
system by using Vitek GNI card (bio Merieux, France).
Extraction and secondary screening 
The selected isolates that gave higher clear zones around the 
colonies were cultivated in the basal medium supplemented 
with 2% (w/v) levan and incubated at 30ºC for 24 hours then 
the cells were harvested by centrifugation at 8000 ×g for 
15min. The cells were washed in 10 mM potassium phosphate 
buffer (pH 6.0) and resuspended in 1-mL of the same buffer. 
The cells were disrupted by glass beads (average diameter,0.1 
mm) for 15min at 4°C using the vortex. Residual whole cells 
and cell membrane fragments were removed by centrifugation 
8000rpm for 20 minutes. The resulting supernatant was used 
as the starting point to establish the levanase activity in crude 
cell extracts.13

Protein quantification and levanase assays
Proteins were quantified as described by Bradford.14 Levanase 
activity was assayed by incubating a 2 mL enzyme solution 
with 2 mL of 1%(w/v) levan in 10 mM sodium acetate buffer 
pH 6.0 at 30ºC for 10 min. After incubation, the reaction 
was terminated by addition of 2 mL of DNS reagent. The 
mixture was incubated in a boiling water bath for 10 minutes 
to stop the enzyme reaction, cooled to room temperature, 
and the absorbency at 575 nm was measured. Total reducing 
sugar produced from reaction was quantified by using the 
dinitrosalicylic acid (DNS method.9 The standard curve was 
prepared by using the different concentrations of fructose 
solutions. One unit of levanase activity was defined as the 
amount of enzyme, which generated 1µ mole of fructose under 
the above conditions.
Purification of levanase
The extracted levanase was purified by conventional techniques 
as described by.13 The crude lysate was first subjected to 20% 
saturation by the addition of solid ammonium sulfate, and after 
incubation, for 1 hour the precipitated protein was removed by 
centrifugation and discarded. To the remaining supernatant, 
solid ammonium sulfate was added stepwise to 40, 50,60, 70, 
and 80% saturation, and the precipitated protein was harvested 
by centrifugation after each step, and the obtained pellets were 
dissolved in a small amount of 10 mM sodium acetate buffer pH 
6.0. The products were subjected to overnight dialysis at 4ºC 
against the same buffer. The protein concentration and levanase 
activity were determined in the different protein fractions. The 

dialyzed protein solution was loaded on a Sepharose CL-6B 
anion-exchange column preequilibrated with 10 mM sodium 
acetate buffer pH 7.0. The column was washed with 50 mL of 
the same buffer, and proteins were eluted with a gradient of 
NaCl from 0.1–0.5 M. The active fractions that showing the 
highest levanase activity were pooled and applied to Sephadex 
G-100 column that was pre-equilibrated with 5 mM sodium 
acetate buffer pH 7.0. The column was eluted with the same 
buffer at a flow rate of 0.5 mL/min. Protein concentration and 
levanase activity were estimated, and the active fractions were 
pooled for further studies.
Effect of levanase on lactic acid bacteria growth 
The prebiotic properties of levanase were tested by its effect 
on the growth of three isolates Lactobacillus reuteri and 
three isolates of Pediococcus sp. These bacterial isolates were 
grown in 50 ml of MRS broth for 24 h at 30C. Later, 1% of 
the inoculums, which was adjusted to the absorbance of 0.5 
at 600 nm was transferred into 5 mL of MRS broth with or 
without 1% of the purified levanase and incubated for 4 hr at 
30ºC. After 4 hours of incubation, the number of cells were 
determined by plating on MRS agar and grown overnight at 
30ºC. The isolates yielding purified levanase, which showed 
the promotion of Lactobacillus reuteri and Pediococcus sp 
were selected. Enhanced activity (%) was determined as15:

Enhancement activity (%) = (SB−CB)/CB×100
Where SB is the amount of cells in MRS with purified 

levanase (cfu/ml) and CB is the amount of cells in MRS without 
purified levanase (CFU/mL).
Effect of levanase on pathogenic bacteria growth
Pathogenic bacteria such as three isolates of Salmonella sp. 
and three isolates of Escherichia coli were cultivated in 50 ml 
of nutrient broth medium under aerobic condition by shaking 
at 150 rpm for 24 h at 37ºC. After that, 1% of the inoculums, 
which was adjusted to the absorbance of 0.5 at 600 nm were 
transferred into 5 mL of nutrient broth medium and 5 mL of 
nutrient broth plus 1% of the purified levanase and grown 
at 37ºC by shaking at 150 rpm for 4 hour. The cell numbers 
were determined by plating on of nutrient agar and incubated 
overnight at 37ºC. The isolates yielding purified levanase 
showing inhibition of Salmonella sp. and Escherichia coli were 
selected. Inhibition activity (%) was determined as15:

Inhibition activity(%) = (CB−SB)/CB×100
Where SB is the amount of cells in nutrient broth with 

purified levanase (CFU/mL) and CB is the amount of cells in 
nutrient broth without purified levanase (CFU/ml).

RESULTS AND DISSCUSION

Detection levanase production
Seven isolates of Enterobacter aerogenes were obtained among 
20 samples of rhizosphere soil samples (Figure 1) showed an 
ability to produce the levanase in the primary screening by 
producing a clear zones around the colonies and Enterobacter 
aerogenes R2 showed higher level of production of levanase 
and the diameter of inhibition zone reached to 25 mm.
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Listeria sp. and Enterobacter sp were isolated from soil and 
clinical samples, as reported by.16 The content of carbon, 
nitrogen, and other nutritional elements in soil are important 
for increasing the growth of.17

In the some ecosystems the presence of levanase lead 
to hydrolysis of high-molecular-weight levan or inulin to 
products that would act as inducers for levanase synthesis.10 
Using of levan as a substrate considered as a good inducer 
for production of levanase enzymes, and hydrolysis of levan 
to produce fructooligosaccharides with variable degrees of 
polymerization.18 The produced by large majority of Bacillus 
sp. isolates had an ability to produce levanase that degraded 
levan to fructose.19 
Purification of levanase
The extracted enzyme that obtained by centrifugation of a 
disrupted cells by using glass beads, was used as the crude 

enzyme solution and subjected to fractionation step by using 
ammonium sulfate with 20–80% saturation and found that 
40% saturation led to increasing the specific activity from 
16.42 to 26.11 U/mL. The dialysis step after ammonium 
sulfate precipitation was used to remove the impurities and 
unwanted proteins. The dialyzed solution was applied to the 
Sepharose CL-6B column (2.5× 25cm) previously equilibrated 
with 10 mM sodium acetate buffer pH 6.0. The column was 
thoroughly washed with the same buffer, and the adsorbed 
enzyme was eluted with a gradient of sodium chloride ranging 
from 0.1-0.5M with the same buffer. The elution led to appear 
three protein peaks, and levanase activity was observed in the 
third peak (Figure 2). The active fractions were collected and 
loaded on Sephadex G-100 that was previously washed with 
5mM sodium acetate buffer pH 7.0. The elution with the same 
buffer revealed two protein peaks of protein and the activity 

Figure 1: Levanase activity and diameter of inhibition zone for Enterobacter aerogenes isolates

Figure 2: Levanase Purification from Enterobacter aerogenes R2 by using ion-exchange chromatography on sepharose CL-6B column
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Figure 3: Levanase Purification from Enterobacter aerogenes R2 by using gel filtration chromatography on Sephadex G-100 column

Figure 4: Enhancement of lactic acid bacteria by purified levanase from Enterobacter aerogenes R2

Figure 5: Inhibition of pathogen bacteria by purified levanase from Enterobacter aerogenes R2
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appeared ar the first peak that contained levanase activity 
(Figure 3). The levanase was purified with 52.22% yield, 10.7 
fold of purification, and specific activity of 94.58U/mg protein, 
as shown in Table 1.

More than 90% of the inulinase and levanase activity 
was in a cell-associated form.19 Column chromatography on 
DEAE-cellulose, phenyl-Toyopearl 650 M, Sephadex G-100 
and hydroxyapatite used after (NH4)2SO4 fractionation for 
purification of levanase from Pseudomonas sp.18,20 In contrast, 
ammonium sulfate precipitation, DEAE, and gel filtration on 
Sephacryl S-200 column were used for purification of levanase 
produced by Rhodotorula sp.21

Evaluation of prebiotic properties
Prebiotic properties of purified levanase were determined by 
using lactic acid bacteria such as Lactobacillus reuteri and 
Pediococcus sp. According to the results, the levanase led 
to stimulating Lactobacillus reuteri isolates with 70–80%, 
followed by Pediococcus sp. isolates with 55–70%. In 
contrast, the purified levanase when mixed with pathogenic 
bacteria such as Salmonella sp. and Escherichia coli revealed 
an inhibition activity since the inhibition percentage ranged 
from 75 to 83% for Salmonella sp. followed by 66 to74% for 
Escherichia coli as shown in Figures 4 and 5.

These results indicate levanase has a potential prebiotic 
property of enhancing the growth of lactic acid bacteria 
while inhibiting the growth of pathogenic bacteria. Typically, 
prebiotic properties should not only reduce the growth of 
pathogens but must also promote the growth of desirable and 
beneficial bacteria, such as Lactobacillus. This is the first 
paper dealing with levanase purification from Enterobacter 
aerogenes and the elucidation of its prebiotic properties.

 Therefore the purified levanase may be used in animal feed 
to improve digestibility and support gastrointestinal health. 
Further studies relating to Its combination with an appropriate 
probiotic would lead to synbiotic application will be carried out 
in the future for determination the type of this synbiotic effect.
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