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inulinase under Liquid Culture
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ABSTRACT

The present work describes the optimization of process parameters for the enhanced production of a
novel fungal exo-inulinase under liquid culture. Different fungal cultures were isolated and collected from
various localities of Lahore and Murree (Punjab, Pakistan). Screening of these cultures was carried out in
chemically defined medium i.e., 0.5 g/l (NH,),SO,, 3 g/l KH,PO,, 1.5 g/l NaNO,, 0.01 g/l MgSO,.7H,0
and 3 g/l inulin at pH 7. Kinetic parameters for comparing product yield coefficients of different fungal
strains were applied to further optimize exo-inulinase production. The best enzyme producing culture
was selected for optimization study. For this, the selected Rhizopus oligosporus (strain ROMII) was used
for better enzyme production, for which another screening medium i.e., sucrose minerals salt at pH 5.5
was used. Different physical parameters were applied for maximum enzyme production. The enzyme
exhibited maximum activity at pH 6 after 72 h of fermentation (158+0.39 U/ml). The partial purification
of the enzyme was done with ammonium sulphate (20-80 %) followed by dialysis which resulted in 21 %
purification from the crude enzyme extract. The molecular weight of enzyme was found to be 86 kDa, as
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fermentation.

INTRODUCTION

Inulin in the form of reserved carbohydrate is present
in various plants e.g., dahlia, chicory, artichoke and
yacon especially in their roots and tubers (Vandamme and
Derycke, 1983). It is present in the dried plant tubers in
large amounts (Abdulameer et al., 2015). D-fructofuranose
with B-2,1-linkages are the linear molecular chains present
in inulin that are ended by a glucose unit at the reducing
end, to form a sucrose-type linkage (Chi et al, 2009).
Inulin hydrolysis mainly yields fructose with little amount
of glucose residues. The plants that mostly synthesize
and reserve inulin, cannot store starch (Vijayaraghavan
et al., 2009). Inulin has significant importance as it is
comparatively cheap and ample source for the preparation
of fructose syrup, inulooligosaccharide production as well
as ethanol fermentation (Naggar et al., 2014). Inulinases
(E.C. 3.2.1.7) are the hydrolases that catalyze inulin into
glucose and fructose by targeting B-2,1 linkage (Sheng
et al., 2007). Two types of inulinases act on inulin,
endo-inulinases (2,1-B-D-fructanfructanohydrolase)
and exo-inulinases (B-D-fructanfructohydrolase). The
endo-inulinase produces inulooligosaccharides as the
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main product, while exo-inulinase yields fructose as the
main product by hydrolyzing the terminal linkages (Kim
et al., 2008).

Variety of microbial genera show the ability
of producing exo-inulinases, such as Arthrobacter,
Bacillus, Clostridium, Pseudomonas, Staphylococcus,
Xanthomonas, Aspergillus, Cryptococcus, Penicillium,
Sporotrichum, Candida, Kluyveromyces and Pichia (Gill
et al., 2003; Bernardo et al., 2008). In general, filamentous
fungi show a great potential of producing exo-inulinases
because these have been reported to exhibit high enzyme
activity in the liquid culture (Mazutti ef al., 2010; Adriana
et al., 2012). Therefore, the aim of the present work was to
isolate and identify filamentous fungal cultures that have
the ability to produce extracellular inulinases. The enzyme
production was further enhanced by optimization of some
kinetic and physical fermentation process parameters.

MATERIALS AND METHODS

The chemicals used in the present study were of
analytical grade and procured directly from Fluka (UK)
and Sigma (USA). Reagents and other solutions were also
of the highest possible purity.

Collection and processing of soil samples
Soil samples from five different localities of Lahore
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and Murree (Punjab, Pakistan) were collected randomly
for isolation of filamentous fungal cultures. Sterile spatula,
gloves and plastic bags were used to collect soil samples
from a depth of 10-15 cm and brought to IIB immediately.
It was ensured that the samples reach to the labs within
24 h of collection. The samples were coded to as B1, B2,
B3, B4, and B5. Soil processing was initiated by removing
leaves, plant materials, large debris, fibers or other particles
from it. Later the samples were stored at 4°C after sealing
in sterile polythene bags.

Isolation and screening of filamentous fungal cultures

The filamentous fungal cultures were isolated from
their natural habitats by serial dilution method. The medium
that was used for isolation contained 0.5 g/l (NH,),SO,, 3
g/l KH,PO,, 1.5 g/l NaNO, and 0.01 g/l MgSO,.7H,0 at
pH 7. However, 3 g/l inulin was sterilized separately and
added to the production medium aseptically just before
inoculation. The agar plates of the medium were prepared
separately by adding 20 g/l agar. The plates were poured
and allowed to solidify under aseptic conditions at room
temperature. The dilutions of soil samples were made
from 10" to 10° and 1 ml from each of these dilutions
was transferred on agar plates. The samples were spread
uniformly by rotating the plates clockwise and counter
clockwise. The plates were kept at 30°C for 3-5 days in an
incubator. The selected strains, with the ability to produce
exo-inulinase, were observed under a light microscope for
characterization after sub culturing. The slants of fungal
cultures were prepared using 40 g/l potato dextrose agar
(PDA) medium, pH 5.6.

Characterization and maintenance of fungal isolates

Twelve fungal isolates were selected and maintained
for exo-inulinase production. Their optimal growth was
accomplished on PDA slants and stored at 4°C. The cultures
included Rhizopus oligosporus (ROLI), Aspergillus oryzae
(AOLI), 4. niger (ANLI), A. flavus (AFLI), Trichoderma
sp. (TRLI), Acreonium sp. (ACRLI) and Penicillium sp.
(PENLI) from the soils of Lahore, whereas, R. oligosporus
(ROMII), 4. oryzae (AOMII), A. niger (ANMIN), A. flavus
(AFMII) and Trichoderma sp. (TRMII) from the soils of
Murree.

Inoculum preparation

Spore suspension for each fungal culture was
prepared under sterilized conditions. Approximately, 10
ml of autoclaved distilled water was added to a 3-5 d slant
culture with profuse growth. The spores were disrupted
with a sterilized loop. Later, the tube was gently shaken
to form a homogeneous suspension. The spore count was
made on a hemocytometer slide bridge, and was found to

be 1.2x10” CFU/ml.

Fermentation for exo-inulinase production

Submerged fermentation was used for exo-inulinase
production in 250 ml conical flasks. Fifty milliliter of the
sucrose mineral salt (SMS) medium containing 15 g/l
sucrose, 5 g/l peptone, 1 g/l inulin, 2.5 g/l yeast extract,
0.35 g/l KH,PO,, 0.015 g/l EDTA, 0.0045 g/1 CaCl,.2H,0,
0.03 g/1 FeSO,.7H,0, 0.003 g/l NaMoO,.2H,O and 0.001
g/l H,BO, (pH 5.5) was used. All the flasks containing
medium were sterilized at 121°C (15 Ibs/in?) for 15 min.
It was cooled at room temperature and 1 ml of the spore
suspension was seeded as an inoculum, under aseptic
conditions. Fermentation runs were performed at 30°C
with initial pH of 5.5 and 160 rpm in a shaking incubator
(VS-8480 Vision, Tokyo, Japan) for 72 h. After termination
of run, the flask cultures were taken out from the orbital
shaker and the fermented broth was filtered through a pre-
weighed Whatmann filter paper (No.1) to remove cellular
debris and then dried at 100°C for 30 min (Treichel, 2009).
These crude enzyme extracts were centrifuged (PS-EBA-
20-E RevAOl, Beverly, Massachusetts, USA) at 3500xg
for 15 min (4°C), and later used for analysis.

Exo-inulinase assay

One unit of exo-inulinase activity is defined as the
amount of enzyme required to release 1 pmol of fructose
per milliliter of substrate per minute under standard assay
conditions (Cazetta et al., 2005). The crude enzyme extract
(0.5 ml) was taken alongwith 2 ml 0f 0.02 g/l inulin solution
and 2 ml of acetate buffer, pH 5.5. The resulting mixture
was incubated at 50°C for 20 min. The enzyme reaction
was quenched by boiling the reaction mixture in a water
bath (1011B, Memmert, Berlin, Germany) for 10 min.
Afterwards, the mixture was cooled at room temperature.
Two millilitres of 3,5-dinitrosalicylic acid (DNS) reagent
was added. It was boiled for another 15 min and later
cooled at room temperature. The final volume was raised
up to 10 ml by adding 3.5 ml of distilled water. Controls
were run in parallel with samples, by replacing crude
enzyme extract with the same amount of distilled water.
A, was measured using a spectrophotometer (UV 5100B,
China). The enzyme activity was estimated according to
Miller (1959) using the following relationship:

Where, DF means the dilution factor while NF means
the normalization factor. Protein content was estimated
using Bradford (1976) method.

Dry cell mass determination (DCM)
The fermented broth was filtered in a pre-weighed
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Whatmann filter paper. It was washed twice with distilled
water. Later, it was dried in an oven at 70°C for about 20
min. After drying, DCM was calculated by the following
relationship,

Product yield coefficients

The product yield coefficients i.e., Yp/S (g/g cells) and
Y, (/g cells) were determined using the relations, Yo
(g/g) = dP/ds and Yp/x(g/g) = dP/dX, respectively.

Time duration

Optimal time duration for two fungal cultures i.e., R.
oligosporus (ROMII) and Penicillium sp. were compared
by incubating the isolates for different time intervals i.e.,
12-96 h.

Physical parameters

The effect of various pH (4-7) of SMS medium was
studied. The effect of various rate of agitation (40-240
rpm) was studied for maximum enzyme production. The
optimal inoculum age was determined by growing fungal
cultures for different time periods (24-144 h). Various
inoculum sizes (1-6 %) were also compared for maximum
enzyme production.

Ammonium sulphate precipitation of exo-inulinase

Exo-Inulinase producing R. oligosporus was grown
under the optimal fermentation conditions. The culture
broth was harvested after centrifugation (4500xg for 15
min) at 4°C and used for precipitation. It was precipitated
by adding 20 % ammonium sulphate and left to stand at
4°C for around 4 h. Afterwards, the extract was centrifuged
at 9000xg for 20 min at 4°C. The supernatant obtained
was further precipitated using 40, 60 and 80 % ammonium
sulphate saturation. The pellets obtained were suspended
in 0.01 M acetate buffer at 2:1 (v/w) ratio. This mixture
was dialyzed at 4°C overnight with constant stirring until
excess ammonium sulphate was removed. The partially
purified enzyme was collected.

Molecular weight determination by SDS-PAGE

The molecular weight of exo-inulinase was
determined through SDS-PAGE. The sample was diluted
with 5X loading dye at the ratio of 1:4 (v/v) and heated
at 95°C for 5 min in a water bath. The loading dye gave
the sample’s color as blue. Sample was loaded on 12%
polyacrylamide gel. Initially the constant voltage of 60 V
for 45 min was given. After that, 100 V was provided until
the dye touched the base of the resolving gel. The gel was
stained in 5% (w/v) coomassie brilliant blue (R-250) for
15 min with slow but continuous stirring and de-stained in

40% (v/v) methanol and 10% (v/v) acetic acid.

RESULTS AND DISCUSSION

Isolation and screening of filamentous fungal strains for
exo-inulinase production

A total of 12 filamentous fungal strains were
microscopically characterized and identified as shown in
Table I. All the strains were grown on a primary screening
medium for comparison. The cultures showed clear hollow
zones on the culture plates that depicted their ability to
produce exo-inulinase. Afterwards, these cultures were
grown on a secondary screening medium i.e., sucrose
minerals salt (SMS), for fermentation. With each filtrate,
dry cell mass, enzyme assay at 575 nm, protein estimation
at 595 nm and sugar concentration at 595 nm were
determined. Among the kinetic parameters the product
yield coefficients (Yp/x and Yp/s) were also determined.
Different cultures exhibited a range of diverse physical
appearance of colonies. The results depicted that the best
enzyme producing strain was ROMII with the enzyme
activity i.e., 27+£0.06 U/ml which was 6.75-fold higher as
compared to the strain ACRLI (4+0.01 U/ml). The other
better strain was PENLI with 21+0.05 U/ml of enzyme
activity having 5.25-fold higher activity as compared to
the strain ACRLI. Similarly, the values of protein content,
dry cell mass, sugar concentration, Y, and Y, from the
strain ROMII were higher as compared to other strains
(4240.10 mg/ml, 24+0.06 g/1, 36+0.09 mg/ml, 1.54+0.07
and 0.95+0.04, respectively). However, for strain PENLI
the values were found to be 38+0.09 mg/ml, 21+0.05 g/l,
31+£0.07 mg/ml, 1.42+0.07 and 0.87+0.04, respectively as
shown in Figure 1. The cell count of strain PENLI was
found to be 2.9x10° CFU/ml and for that of strain ROMII
was 5.9x10° CFU/ml, that was over 2 fold higher than that
of strain PENLI and 4.5 fold higher than strain ACRLI
having 1.3x10° CFU/ml. Ohta et al. (2002) and Mohamed
et al. (2015) reported R. oligosporus to be the best enzyme
producing microorganism in their respective findings.

Time of incubation

The optimal time duration of the two selected cultures
ROMII and PENLI was determined and compared. Both
strains showed active exo-inulinase production in 72
h. The highest enzyme activity for strains ROMII and
PENLI at 72 h was obtained as 30+0.07 and 22+0.05 U/
ml, respectively (Fig. 2). The fold of enzyme production
of strain ROMII was 7.5 times higher than that of strain
PENLI due to which it was selected for optimization
studies. The value for protein content of strain ROMII at
72 h i.e., 44+0.11 mg/ml, was 1.22 fold higher than that
of strain PENLI (36+0.09 mg/ml). The sugar consumption
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Table I.- Isolation and screening of best filamentous fungal culture for the production of inulinases.

Sr.  Culture isolates Codes Physical appearance  Hemocytometer Inulinase Yp " "
No. of colonies calculation activity  (g/g cells) (g/g)
(CFU/ml) (U/ml)

Lahore

| Rhizopus oligosporus ROLI ~ White circular 5.1x10° 18£0.04  0.9+0.04  0.64+0.03

2 Aspergillus oryzae AOLI  Dumpy greenish 4.4%10° 17£0.04 1.1£0.05  0.68+0.03

3 Aspergillus niger ANLI  Dumpy greenish 3.7x10° 15£0.03  1.2+0.06  0.68+0.03

4 Aspergillus flavus AFLI  Dumpy greenish 2.8%x10° 1240.03  1.2£0.06  0.66+0.03

5 Trichoderma spp. TRLI  Dumpy greenish 2.3x10° 9+0.02 1.3+0.06  0.69+0.02

6 Acreonium spp. ACRLI Dumpy grayish 1.3x103 4+0.01 1.1£0.06  0.4+0.04

7 Penicillium spp. PENLI Yellow mass 2.9%103 21+£0.05  1.4£0.07  0.87+0.04

Murree

8 Rhizopus oligosporus  ROMII  Yellow circular mass 5.9x10° 27£0.06  1.5£0.07  0.95+0.04

9 Aspergillus oryzae AOMII Greenish small clusters 4.1x10° 16£0.04  1.1£0.05  0.84+0.04

10 Aspergillus niger ANMII Greyish small clusters ~ 3.4x10° 13£0.03  1.3+0.06  0.82+0.04

11 Aspergillus flavus AFMII Greenish and whitish ~ 2.1x10° 10£0.02  1.3£0.06  0.81+£0.04
small clusters

12 Trichoderma spp. TRMII White small clusters 2.2%103 6+0.01 1.3+0.06  0.66+0.03

Incubation temperature 30°C, pH 5.5, time 72 h, agitation 160 rpm, inulin conc. 1 g/, inoculum age 1 d, inoculum size 2 %. Y, (g/g cells), dP/dX; Y,
(g/g), dP/ds. Each value is a mean average of three parallel replicates. + indicate the 5 % standard deviation.

Fig. 1. Comparison of protein content, sugar concentration
and dry cell mass by different filamentous fungal cultures.
Temperature 30°C, pH 5.5, time of incubation 72 h,
agitation 160 rpm, inoculum size 2 %. Each value is a
mean average of three parallel replicates. Bars specify +
standard deviation.

in 72 h by strain ROMII (39+0.09 mg/ml) was 1.18 fold
higher as compared to strain PENLI at 72 h (33+£0.08 mg/
ml). Similarly, DCM obtained for strain ROMII in 72

h (28+0.07 g/1), was 1.16 fold higher than that of strain
PENLI (24+0.05 g/1). But for both the cultures, the value of
DCM increased with the increase in time and it was due to
prolonged fermentation. Kumar ef al. (2005) also reported
maximum enzyme production at 72 h of incubation from
A. niger.

Effect of initial pH

The maximum enzyme activity attained at pH 6 was
83+0.2 U/ml with protein content (88+£0.22 mg/ml) by
strain ROMII. The sugar concentration and DCM values at
this pH were obtained as 58+0.14 mg/ml and 36+0.09 g/1,
respectively. Gill et al. (2006) also reported the maximum
exo-inulinase activity at pH 6 from A. fumigatus. The
enzyme activity was about 1.76 fold higher as compared
to the activity at other pH values, and the protein content
was almost 1.8 fold higher, as shown in the Figure 3.
The change in pH had an adverse effect on the enzyme
activity, a very low activity was observed at lower pH
values which showed that the enzyme was highly sensitive
to pH changes. Whereas, the enzyme activity was slightly
affected at pH ranges near to neutral. Similarly, the values
for protein content, sugar concentration and DCM also
had a similar effect to pH changes, being low at lower pH
values.
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Fig. 2. Comparison of exo-inulinase activity, protein content, sugar conc. and DCM over different time of incubation by ROMII
and PENLI. Temperature 30°C, pH 5.5, agitation 160 rpm, inoculum size 2 %. Each value is a mean average of three parallel

replicates. Bars specify + standard deviation.

Fig. 3. Effect of various pH on exo-inulinase production
from R. oligosporus (ROMII). Temperature 30°C, time
of incubation 72 h, agitation 160 rpm, inoculum size 2%.
Each value is a mean average of three parallel replicates.
Bars specify + standard deviation.

Effect of agitation rate

Maximum exo-inulinase activity was obtained at
120 rpm i.e., 93+0.23 U/ml by strain ROMII. The protein
content at this agitation rate was also higher i.e., 98+0.24
mg/ml. The values for sugar concentration and DCM were
65+0.16 mg/ml and 394+0.09 g/1, respectively. The enzyme
activity and protein content were 1.55 and 1.45 fold higher
as compared to values at other agitation rates, as shown
in the Figure 4. Almost insignificant enzyme activity
was exhibited at 40 rpm i.e., 64+0.16 U/ml. Similarly,
the values for enzyme activity, protein content, sugar
concentration and DCM, at higher agitation rates were
not adversely affected as compared to the values at low
agitation rate. Gallegos et al. (2014) reported 200 rpm for
maximum enzyme activity from R. microspores.

Effect of size and age of inoculum

The maximum exo-inulinase activity was exhibited by
the strain ROMII that was incubated for 2 d i.e., 102+0.25
U/ml. The protein content, sugar concentration and DCM
were also higher at this inoculum age i.e., 112+0.28 mg/ml,



1662 S. Aliand S.W. Khalid

71+0.17 mg/ml and 41+0.10 g/1, respectively. The enzyme
activity from a 2 d incubated culture was 1.07 fold higher
than that shown by 1 d as shown in Figure 5. Onulide ef al.
(2012) reported maximum enzyme activity from a 24 h old
culture of Saccharomyces sp. The best inoculum size of
ROMII was determined to be 5% as it supported maximum
enzyme activity (119+0.29 U/ml). This value was almost
1.2 fold higher (101+0.23 U/ml) as compared to the value
of 2% inoculum level previously being used. The values
for protein content, sugar concentration and DCM at 5%
inoculum size were, 128+0.32 mg/ml, 83+0.21 mg/ml and
54+0.13 g/l, respectively. These values were 1.2, 1.48 and
2.45 fold higher as compared to values at other inoculum
sizes. Kumar et al. (2005) reported better enzyme
production at 10% inoculum by A. niger.

Fig. 4. Effect of various agitation rates on exo-inulinase
production from R. oligosporus (ROMII). Temperature
30°C, pH 5.5, time of incubation 72 h, inoculum size 2 %.
Each value is a mean average of three parallel replicates.
Bars specify + standard deviation.

Ammonium sulphate precipitation

The maximum exo-inulinase activity was obtained
at 80% ammonium sulphate saturation i.e., 152+0.44
U/ml. It was 1.23 fold higher than the value obtained
at 40% ammonium sulphate saturation. Similarly, the
protein content (159+0.39 mg/ml) at 80% ammonium
sulphate concentration was 1.11 fold higher than at 40%
precipitation. The specific activity was also higher at
80% saturation (0.95 U/mg), as depicted in Table II. The
specific activity at 80% saturation was 1.16 fold higher
as compared to that at 40% saturation level. The values
gradually decreased after dialysis, however the value of
specific activity of 80% saturation increased after dialysis
i.e., 0.97 U/mg. The fold-purification after dialysis was
maximum i.e., 0.99 fold whereas the yield obtained for

the enzyme activity was recorded to be 21%. El-souod et
al. (2014) reported partial purification of an exo-inulinase
through 80 % ammonium sulphate precipitation.

Fig. 5.Role of inoculum (age and size) on exo-inulinase
production by R. oligosporus (ROMII). Temperature 30°C,
pH 5.5, time of incubation 72 h, agitation 120 rpm. Each
value is a mean average of three parallel replicates. Bars
specify + standard deviation.

Determination of molecular weight of enzyme

The molecular weight of partially purified exo-
inulinase from strain ROMII was estimated with SDS-
PAGE. A single protein band of molecular weight 86
kDa was obtained as shown in Fig. 6. This indicated an
oligomeric form of the enzyme. The molecular weight of
an exo-inulinase from R. oligosporus TN-96 by Ohta et
al. (2002) was 83 kDa and that of R. oligosporus NRRL
2710 was 76 kDa as reported by Mohamed et al. (2015).
Yedahalli ez al. (2016) reported molecular weight to be 81
kDa.
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Table II.- Activity of inulinase isolated from R. oligosporus (ROMII) with different concentrations of ammonium
sulphate before and after dialysis.

Ammonium sulfate

Before dialysis

Inulinase activity

conc. (%) Inulinase activity (U/ml) Protein (mg/ml) Specific activity (U/mg) (U/ml) after dialysis
20 156+0.39 165+0.41 0.94+0.04 140+0.35

30 116+£0.29 137+0.34 0.84+0.04 109+0.27

60 108+0.27 124+0.31 0.87+0.04 78+0.19

80 152+0.38 159+0.39 0.95+0.04 129+0.32

Incubation temperature 30°C, pH 6, time 72 h, agitation 120 rpm, inulin conc 1 g/1, inoculum age 2 d, inoculum size 5 %. Each value is a mean average

of three parallel replicates, + indicated 5% standard deviation among these values.

Fig. 6. The molecular weight of inulinase from R.
oligosporus (ROMII) through SDS. Lane 1: Protein
ladder, Lane 2: Crude inulinase extract from ROMII with
molecular weight 86 kDa and Lane 3: Partially purified
inulinase from ROMII with molecular weight 86 kDa.

CONCLUSIONS

In this study, fungal exo-inulinase was produced
substantially. Kinetic studies revealed R. oligosporus
(strain ROMII) to be more efficient strain for enzyme
production. The maximum enzyme activity (158+0.39
U/ml) was 5.81 fold improved after the optimization of
process parameters by ROMII under liquid culture. Later,
the enzyme was partially purified and its molecular weight
was found to be 86 kDa. These results are highly significant
(HS) and exhibit a viable potential after scale up studies.
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