
ABSTRACT
A novel strain of Klebsiella pneumoniae among 45 isolates collected from urine samples, had an ability to produce extracellular 
inulinase when grown on basal medium containing inulin as a substrate. Inulinase was fractionated with ammonium sulfate 
at 70% saturation at a higher level in comparison with organic solvent (methanol, ethanol, acetone, propanol, and butanol). 
Inulinase was purified with a recovery yield of 34.5% and 2.73 fold of purification by using ammonium sulfate followed 
by ion-exchange chromatography on the DEAE-cellulose column. Fructo-oligosaccharide (FOS) is produced by reaction of 
purified inulinase with its substrate and characterized by UV-spectrophotometer in comparison with standard FOS.
The effect of FOS on the growth and activity of local lactic acid bacterial isolates revealed that three concentrations (1, 2, 
and 4%) of FOS had stimulated the growth of lactic acid bacteria with two logarithmic cycles for Lactobacillus plantarum 
(L. plantarum) and Lactobacillus pentosus (L. pentosus). At the same time, FOS gave the maximum stimulating growth for 
Lactobacillus gasseri (L. gasseri) with three logarithmic cycles. So that FOS has a potential prebiotic property of enhancing 
of lactic acid bacteria which supports gastrointestinal health.
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INTRODUCTION
Klebsiella pneumoniae (K. pneumoniae) is a gram-negative, 
facultatively anaerobic, rod-shaped, non-motile bacterium, 
belongs to the family Enterobacteriaceae.1 K. pneumoniae are 
the causative agent of numerous kinds of infections in humans, 
including urinary tract infections, respiratory tract infections, 
and bloodstream infections.2 Clinically, the majority of human 
Klebsiella infections are related to Klebsiella oxytoca (K. oxytoca) 
and K. pneumoniae; they are recognized as vital human pathogens 
associated with serious hospital-associated infectious processes, 
including urinary tract infections (UTI), respiratory tract illnesses 
such as pneumonia and bloodstream infections (BSI).3,4

Inulin is a natural storage polymer located commonly in 
plants, specifically roots and tubers GaoW et al.5such as yacon, 
asparagus, leek, onion, banana, wheat, and also garlic.6 It can 
be produced by microorganisms, including Streptococcus 
and Aspergillus species.7,8 Inulin is one of the most generally 
utilized substrates for production of inulinases.9

Inulinase (EC 3.2.1.7) is inulin hydrolyzing enzyme to 
produce fructose and fructo-oligosaccharide.10 Usage of 
microorganisms to produce inulinases will become a viable 
choice to get this enzyme in larger amount.11 Inulinases can be 
found in microorganisms; among yeasts are Candida kefyr and 
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Pichia polymorpha,12 and several bacteria such as Pseudomonas 
sp.13 Streptomyces sp.;14 Sphingomonassp.JB13;15 Bacillus sp. 
SG113, ASN 3.16 Inulinase has obtained considerable interest 
as it can be widely used to hydrolyze inulin to produce fuel 
ethanol, fructose, and fructo-oligosaccharides, both of which are 
necessary components in food and pharmaceutical industry.17

Fructo-oligosaccharides (FOS) are oligomeric structures 
containing linear fructose units that are linked by β(2-1) 
bonds, varying from 2 to 60 units, a fixed to a terminal glucose 
residue.18 Prebiotic FOS are getting rising recognition as agents 
to modulate the colonic microbiota in humans and animals; 
these so-called prebiotics were initially defined in 1995 as 
‘non-digestible food component(s) that beneficially influence 
host’s health by promoting the growth and/or activity of one 
or a limited number of bacteria in the colon’.19,20 Thus, this 
study aims to isolate, diagnose, and screen of the most powerful 
inulinase producer besides to purification of inulinase, 
production of FOS, and using it as a prebiotic agent.

MATERIALS AND METHODS

Collection and Identification of Bacterial Isolates
Forty-five isolates from urine were collected from two hospitals 
at Baghdad city. The isolates were cultured on MacConkey 
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agar medium for identification depending on the colonies’ 
morphological and cultural characteristics that included the 
shape, texture, color, and edges.21 Pure isolated colony of 
each bacterial isolates streaked on Eosin Methylene Blue agar 
and incubated aerobically, the appearance of isolates as dark 
pink in color indicates a positive result.22 The diagnostic was 
confirmed by using Vitek 2 system and this system including 
47 biochemical tests and one negative control well according 
to the instruction of bio Merieux, (France).
Primary and Secondary Screening
All bacterial isolates were examined for their ability to produce 
inulinase by cultured on inulin agar plates that composed of: 
(inulin 1gm,yeast extract 0.1 gm, pepton 0.1 gm, NH4NO3 
0.1 gm, KH2PO4 0.14gm, MgCl2 0.02 gm, and agar-agar 3 gm) 
an appearance of a transparent zone around the colonies denote 
or indicate about inulinase production and then the diameters 
of clear zones around the colonies were measured.23 Then, 
the selected isolates that gave higher clear zones around the 
colonies were inoculated to inulin broth medium and incubated 
at 37°C for 24 hours, after that the centrifugation at 5000 rpm 
for 15 minutes. The resulting supernatant was used as the crude 
extract to establish protein concentration and inulinase activity. 
Protein Quantification and Lnulinase Assays
Protein was quantified as described by Bradford MM et al.,24 
depending on the standard curve of bovine serum albumin. 
Protein concentration was determined by adding 0.1 mL of 
sample to 4.9 mL of Bradford reagent, then the mixture was 
incubated at 30°C for 10 minutes and after that the absorbency 
was measured at 595 nm by using spectrophotometer. 

Inulinase activity was measured by modification of the 
method that described by Miller GL et al.,25 0.5 mL of crude 
extract was incubated for 30 min at 37°C with 0.5 mL of (1 
gm of inulin as substrate dissolved in 50 mL of 0.1 M acetate 
buffer at pH = 5.0) then stopped the enzyme reaction by putting 
the mixture in boiling water bath for 15 minutes. After that 
adding 1 mL of 3,5- Dinitrosalicyclic acid (DNS) reagent to the 
mixture and the final volume was become 2 mL then measured 
the absorbency at 540 nm by using spectrophotometer. The 
standard curve was prepared by using different concentrations 
of fructose solution. One unit of lnulinase activity was defined 
as the amount of enzyme, which generated 1µ mole of fructose 
under the above conditions.
Purification of Inulinase
Two method were used to precipitate of inulinase. In the first 
the crude solution was precipitated with (20–80%) saturation 
ammonium sulfate, ammonium sulfate was added gradually to 
the crude solution at 4°C (in ice bath) with continuous stirring for 
two hours. After that the solution was centrifugated by cooling 
centrifuge at 5000 rpm for 15 minutes, then the precipitate was 
dissolved in a small amount of 0.1 M and pH 5.0 of acetate buffer. 
In the second method each solvent separately (methanol, ethanol, 
acetone, propanol and butanol)was added to the crude extract 
to obtain 20, 30, 40, 50, 60, 70, and 80% solvent concentrations 
in ice bath with continuous stirring for two hour, then the 

precipitate was separated by cooling centrifugation at 5000 rpm 
for 15 minute and dissolved in 0.1 M acetate buffer pH 5.0.The 
obtained inulinase solution was dialyzed against acetate buffer 
for 24 hours in a cold condition. Ten mL of produced inulinase 
solution were loaded on DEAE-cellulose column (30 × 1.5) 
cm. The column was washed with 0.1 M acetate buffer pH5.0 
at flow rate of 30 mL/min and eluted with gradient (0.1–0.5) M 
NaCl solutions. The fractions of 5 mL/tube were collected and 
the absorbency at 280 nm was read. Protein concentration and 
inulinase activity were estimated and the active fractions were 
pooled for further studies.
Production and Purification of FOS

Preparation of FOS
The preparation of FOS described by method of Oliveira 
KG et al.,26 with some modifications, which included by the 
incubation of 0.5  mL of purified inulinase with 0.5  mL of 
(1 gm of inulin as substrate dissolved in 50 mL of 0.1 M acetate 
buffer at pH = 5.0) for 30 minutes at 37°C, then stopped the 
enzyme reaction by putting the mixture in boiling water bath 
for 15 minutes, with this reaction we got FOS product.
Purification of FOS
The pre-prepared reaction mixture was loaded on sephadex 
G-25 gel-filtration, which was previously equilibrated with a 
0.1 M sodium acetate buffer at pH 5.0; elution was done using 
the same buffer with flow rate 30 mL in hour. The obtaining 
fractions were read by using the three wavelengths that obtained 
from the FOS standard by using UV-spectrophotometer, 
separately, according to Nobre C.27

Effect of (FOS) on Lactic Acid Bacterial Growth
The prebiotic properties of FOS were verified by its effect on 
the growth of 3 Lactobacillus spp. isolates, as described by 
Hadid M A28 as follow:

For each isolate, three different FOS concentrations were 
used (1, 2, and 4%) with a control. The effect of FOS on bacterial 
growth was identified comparatively by using two tubes of 
2 mL MRS medium. A 20 μL of MacFarland solution for Lactic 
acid bacteria was added to one of them as a control tube while 
for the other tube 20 μL of MacFarland solution mixed with 
20 μL of 1% concentration FOS, 40 μL of 2% concentration 
FOS and 80 μL of 4% concentration FOS was added, separately. 
All tubes were incubated at 37°C for 24 hours. anaerobically. 
After the incubation, 1 mL of each treatment and control were 
serially diluted from 10-1 to 10-10 then 0.1 mL of each diluted 
sample was taken and spreaded on MRS agar plates. The plates 
were incubated at 37°C for 24–48 hours. The number of cells 
was calculated according to the following equation for each 
type of lactic acid bacteria: Number of cells/mL = number of 
colonies × Inverted dilution × 10.

RESULTS AND DISSCUSION

Detection of lnulinase Production
According to the semi-quantitative analysis there were 11 
K. pneumoniae isolates out of 45 isolates have an ability to 
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produce inulinase enzyme with a diameter of inhibition zone 
ranged between 17–23 mm and larger inhibition zone revealed 
by K. pneumoniae U7with 23 mm. In comparison, the other 34 
isolates cannot produce inulinase enzymes. These 11 isolates 
will be subjected to quantitative analysis and revealed specific 
activity ranged from 9 to 32 U/mg with maximum specific 
activity 32 U/mg for K. pneumoniae U7asshown in Figure 1.

The growth of bacterial isolates on inulin agar plates and 
producing this visible transparent zone surrounding the colony 
indicates that these isolates produce inulinase enzymes that 
hydrolyzed inulin to produce fructose fructooligosaccharides 
led to form a transparent zone around the colonies after 
prolonged incubation.

An exoinulinase produced from Bacillus sp. screened 
based on hydrolytic zone formation around the colonies 
and the highest activity level ofinulinasewas recorded in the 
supernatant with 25.10 U/mL.17 Earlier studies on Bacillus 
subtilis, Lactobacillus casei, Pseudomonas aeruginosa, 
and Achromobacter sp. showed that maximum inulinase 
accumulation (333 U/L) has been observed for the isolate 
Achromobacter sp. and other isolates produced maximum 
inulinase activities ranging from 221 to 333 U/L in the 
supernatant.29

Inulinase Extraction and Purification
The crude extract of Klebsiella pneumoniaeU7 was subjected to 
two methods of extraction, the first extract included ammonium 

sulfate precipitation by using different concentrations (20-
80%). It was discovered that 70% saturation of ammonium 
sulfate triggered precipitation of inulinase with inulinase 
activity of 74 U/mL, while the second method of extraction 
by organic solvents which gave different levels of inulinase 
activity, since ethanol gave the highest enzymatic activity 
of 68 U/mL at concentration 60% followed by methanol and 
acetone, while propanol and butanol precipitated inulinase 
with inulinase activity 55 U/ml and 50 U/mL, respectively, at 
concentration 30 and 40%, respectively, as revealed in Figure 
2. So that ammonium sulfate was more effective than organic 
solvents in inulinase precipitation.

The enzyme purification procedure involves three steps 
included ammonium sulfate precipitation, dialysis and anion 
exchange chromatography.

After ammonium sulfate precipitation and dialysis step, 
the dialyzed inulinase was applied to the equilibrated DEAE-
cellulose column, then the column was washed with an equal 
volume of 0.1 M sodium acetate buffer (pH 5.0). The bounded 
proteins (negatively charged) were then eluted using gradient 
concentrations of sodium chloride ranging between 0.2–0.6 M, 
the results indicated in Figure 3 showed that there was one 
protein peak that appeared in the washing step, while two 
peaks appeared after elution by gradient concentration of 
sodium chloride, all these three proteins peaks were detected 
by measuring the absorbency at 280 nm of each eluted fraction, 
For three protein peaks, inulinase activity were measured, and 
found that inulinase activity was located in the third protein 
peak. The active fractions were collected for further studies, 
and the specific activity was 87.36 with fold of purification 
2.73 ata yield 34.5% as revealed in the Table 1.

The crude inulinase that extracted from Bacillus sp. was 
purified by using ammonium sulphate precipitation, dialysis 
and ion exchange chromatography on DEAE–sephacel and 
obtained 1.9 purification fold with total activity 293 U.17 

Research of Golunski S et al.,30 purified inulinase enzyme by 

Table 1: Serial steps for inulinase Purification from K. pneumoniae U7

Purification step Size (mL)
Inulinase activity 
(U/mL)

Protein conc. 
(mg/mL)

Specific activity 
(U/mg)

Total 
activity Purification fold Yield (%)

Crude extract 80 60 1.87 32.0 4800 1 100
(NH4)2SO4 precipitation 45 74 1.21 61.15 3330 1.91 69.3
DEAE-cellulose 20 83 0.95 87.36 1660 2.73 34.5

Figure 3: Inulinase Purification from K. pneumoniae U7 by using ion 
exchange chromatography on DEAE-cellulose column (30–1.5) with 

flow rate of 30 mL/hour
Figure 2: Extraction of Inulinase by using (A) ammonium sulfate 

(B) organic solvents

Figure 1: Specific activity of inulinase produced by K. pneumoniae 
isolates.

(B)(A)
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changing the ionic strength of the medium through addition 
of NaCl and CaCl2 followed by precipitation with n-propyl 
alcohol or iso-propyl alcohol, the effects of the concentration of 
alcohols and the rate of addition of alcohols in the crude extract 
on the purification yield and purification factor were evaluated, 
so activation of enzyme and allowed purification factors up 
to 2.4-fold for both alcohols31 obtained a specific inulinase 
activity from Ulocladium atrum of 1915 U/mg protein which 
represented 2.65-fold purification over the crude inulinase 
extract with 42.8% recovery.
Production of FOS and Preparation of Standard Curve 
The standard curve of FOS was prepared and measured by 
UV-spectrophotometer and the results showed that FOS 
standard contain three components which are: 1-kestose, 
Nystose and 1-F-fructofuranosylnystose that showed three 
peaks in UV-spectrophotometer at wavelengths (205, 240 and 
293 nm) as revealed in Figure 4.
Production and Purification of FOS
After reaction of purified inulinase enzyme with the inulin 
as its substrate, the obtained reaction mixture was loading 
on sephadex G-25 gel-filtration and washing with 0.1 M 
sodium acetate buffer pH 5; the fractions were measured in 
each of wavelength 205, 240, and 290 nm, separately, with 
UV-spectrophotometer, the active fractions that contain 
each of FOS components were collected and used for further  
studies.
Effect of Fructo-oligosaccharide (FOS) on Lactic Acid 
Bacterial Growth
The effect of FOS on the growth and activity of local lactic 
acid bacterial isolates was conducted. The results revealed 
when three concentrations of FOS (1, 2 and 4%) were used as 
nutritional elements for the growth three kinds of lactic acid 
bacterial isolates which included L. plantarum, L. pentosus 
and L. gasseri had stimulated effect on lactic acid bacteria. 
According to Table 2, we found that FOS stimulated the growth 
of L. plantarum, L. pentosus with two logarithmic cycles, while 
FOS gave the maximum stimulating growth for L.gasseri with 
three logarithmic cycles. From these results, we found that the 
role of FOS prebiotic was more pronounced in supporting and 
increasing all lactic acid bacteria’s growth.

The health benefit Prebiotic agents to the host targets 
initially on the modulation of intestinal tract  microbiota that 
includes the indigenous gut microflora that contributes in 
different functions that advanced host health.32 Dietary fibers 

and their hydrolysis products are becoming an evolving source 
of new constituents with strong prebiotic activity.33

The health benefits associated with the consumption 
of FOS that including encourages the growth of favorable 
bacteria in the colon; this, in turn, discourages the growth 
of microorganisms in the colon resulting in a healthy gut 
environment and there was a selective growth of certain 
groups of bacteria such as Bifidobacterium was observed, thus 
confirming the prebiotic properties of oligofructose.34 Earlier 
research by Sabater-Molina M et al., and Bibas Bonet ME, 
et al.,35,36 and Slavin J, et al.,37 displayed that FOS can escape 
enzymatic digestion in the upper gastrointestinal tract reaching 
the colon intact before undergoing microbial fermentation. 
Another study by38 showed that FOS also favor the growth of 
health-promoting bacteria such as Bifidobacterium spp. and 
Lactobacillus spp., while reducing or maintaining pathogenic 
populations (e.g., Clostridium spp. and Escherichia coli) at low 
levels thus, FOS are small soluble dietary fibers that exhibit 
prebiotic activity. FOS offers physiological benefits that use as 
a food supplement, particularly in cases of chronic diseases,39 
FOS health benefits in colon cancer, diabetes and obesity.37
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