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ABSTRACT

Extracellular inulinase producing bacterium was isolated from the rhizosphere soil of Agave sisalana and
identified as Bacillus sp. B51f by morphological, cultural, biochemical tests and 16SrRNA gene sequence
analysis. The maximum inulinase yield was 160.24 U/ml when 2% inoculum (0.8 ODsys ) Of the above
isolate was grown in M9 medium containing 1.5% inulin, 0.7% peptone, 0.3% Na,;HPO,, 0.4% K,HPO,,
0.3% NH,CI and 0.4% NaCl at pH 7, temperature 30 C for 24 hours at static conditions. The highest
inulinase activity was observed (173.41 U/ml) at pH 8 and 55 €C which indicates it to be thermostable and
alkaliphilic. The effect of various metal ions and thermal stabilizers were checked on inulinase activity.
Ca’* ions increased the enzyme activity whereas glycerol exhibited a stabilizing effect on the enzyme.
HPTLC analysis of hydrolytic prodcuts of inulinase revealed that inulinase hydrolysed inulin exclusively
into fructose which confirmed exo inulinase nature of the enzyme.

Keywords: Bacillus sp. B51f; Inulinase; Agave sisalana.

INTRODUCTION
Inulinases (2, B-D-fructan fructanohydrolase, EC3.2.1.7) catalyse hydrolysis of inulin, producing
inulo-oligosaccharides, fructose and glucose as pdducts. Inulin consists of linear chain$d, 1-D
fructofuranose molecules terminated with a gluges&ue at the reducing end. Inulinases can beetivi
into exo-inulinases and endo-inulinases. The extiFiase removes the terminal fructose residues from
the non-reducing end of inulin, whereas the enddisiase acts on the internal linkages of the inulin
molecule but lacks invertase activify Inulinases have different catalytic properties lgnalar weight,
optimum pH, optimum temperature, stability) dependéspecially upon their oriditnulinases can be
used in a wide range of industrial applicationsradhigh fructose syrup productiavhich can be used as
a prebiotic for improving population of benefici@icroorganisms such &ifidobacteriumin intestinal
flora, bioethanol production,pullulan exopolysaccharidgconic inulo-oligosaccharide production,
single-cell oil and single-cell protein productiospme chemicals production like citric acid, 2,3
butanediol, lactic acid and mannitgP® "2
In the last decades a large number of bacteridBéillus subtilis 430A°Bacillus polymyxa 29, B.
polymyxa 722, B. subtilis 68, Bacillus polymyxa MGL21", Bacillus sp. LCB41? B.
stearothermophilus KP1289° Bacillus cereus MU-31*, Marinimicrobium sp. LS-A18° Pseudomonas
mucidolens'®, Arthrobacter ureafaciens'’, Sreptococcus salivarius'®, Staphylococcus sp>*°, Clostridium
acetobutylicun?®, Clostridium thermoautotrophicum?, Sreptomyces sp?%%2*2> yeast Kluyveromyces
sp.Y®?"?8and fungal strainsPenicillium, Fusarium and Aspergillus)?3°31323%3¢yere used for inulinase
production. By the use of microbial inulinase, @tep enzymatic hydrolysis of inulin yields 95% pure
fructosé®.
Inulin is present as a reserve carbohydrate ittderground organsgots and tubers) of plantsuch as
Jerusalem artichoke (Helianthus tuberosus), dahlia Dahlia pintana), chicory Cichorium intibus), Agave
(Agave sisalana), yacon and in smaller amounts in garlic ann*2"383%4%4L%The yields of the
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roots and tubers are very highhe dried materials of the tubers contain over 7@Uin>. Many
inulinolytic microbes such aBacillus subtilis, Paenibacillus sp. CDB 003Streptomyces sp. ALKC4,
Penicilliumjanczewskii andAspergillus niger were isolated from rhizosphere $8it**4+4°

This study focuses on isolation of inulinase pradgdacterium from the rhizosphere soil Adave
sisalana, which is expected to have higher inulinase producariants. This strain is identified as
Bacillus sp. B51f. The culture conditions for maximum inulings®duction by this strain were studied
and assay conditions for optimum inulinase actiwigre also investigated.

MATERIALS AND METHODS
Enrichment, isolation, screening and identification
Soil from the rhizosphere area of pladave sisalana was used as sample for enrichment of inulinase
producers. 1gm of the above soil sample was mirekDiml distilled water and was allowed to settle fo
10mins. Thel.5 ml of supernatant collected wastitated in two 30mlof enrichment broth (M9-Inulin
medium- 0.2% NacCl, 0.3% NdPO,, 0.18% KHPO,, 0.2% NHCI, 1% inulin (as a sole source of carbon
and energy) and incubated at 30°C for 48 h undakesh(200 rpm) and static conditions. After 24 15, 1
ml of the culture was inoculated into 30 ml of fieamedium. After an additional 24 h, 0.3 ml of the
culture was inoculated into 30ml of fresh mediumm 24 h later, single colonies were isolated fro@ M
inulin agar.
The three isolates obtained from M9-Inulin agatgdavere used for spot inoculation on MHI agargsat
and incubated at 30°C for 3 days. It was then #abdith 5ml of 1% Lugol’s iodine and examined for a
zone of clearance around the colony which indicdkted presence of the enzyme inulifas€urther,
inulinase assay of the promising isolate was cdraet and was identified by using, morphological,
cultural and biochemical tests as per Bergey's Marf Determinative Bacteriology,"8editiori”.
Further confirmation of the strain was done by tBSA sequence analysis by SciGenom Labs Pvt Ltd.
Kerala, India.

Extraction and assay of inulinase

Inulinase activity was assayed by method suggesyeMiller’®. The crude enzyme was obtained by
centrifuging the growth of the isolate in M9-inulbroth at 3,500 rpm at 30°C for 10 minutes. The
supernatant obtained was used as a crude enzyneuforase assay. This crude enzyme (0.5 ml) was
mixed with 2ml of 0.2% inulin prepared in distilledater and 2ml of 50mM Acetate Buffer (pH 4.6)
incubated at 55°C for 20 minutes. After incubatibe reaction mixture was kept in ice water bathlfor
minutes to stop the reaction. One ml of DNSA reagess added to 1 ml of the mixture and kept in
boiling water bath for 10 minutes. It was cooled &ml of distilled water was added to this mixtufae
absorbance of the supernatant was measured amb4/3ing a spectrophotometer. The reaction mixture
containing heat inactivated crude enzyme {@0®r 10 min) instead of the active culture sup&nawas
used as blank. The absorbance of the test supetregainst blank was obtained and plotted on the
standard graph of Fructose (40-4Q@0nl) to obtain the amount of product formed. Frtva standard
graph value, enzyme activity was calculated in U/@he unit of enzyme activity is defined as the
amount of enzyme liberating 1 pmole of fructosemarute under standard conditions.

Optimization of culture conditions for maximum inulinase production

Five different media were investigated for maximimalinase production by the selected isolate viz.
Medium 1°, Medium 2°, Medium 3*, Medium 42 and Medium 5-M9 medium with 1% Inulin. The
optimized medium was used for further investigatdvarious parametersfor maximum inulinase yield
by the selected isolate. Optimization of cultureditions for thehighest inulinase production waslid

in M9 medium with 1% Inulin. Two percent inoculur.§ ODys ,,) Was inoculated in 100ml of the
above medium and kept for incubation at 30°C foh 24 static conditions. After incubation, the madi

was centrifuged at 3500rpm for 10mins and the sigiant was used as a crude enzyme for the study of
various parameters. One parameter at-a-time apgpreas used and all the experiments were carried out
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in triplicates.The culture conditions (incubaticeripd, aeration, temperature, pH, carbon, nitrogmirce
and various mineral salt concentrations) were dpgch for maximum inulinase production by the
selected isolate. Inulinase production was detexchatt various time intervals such as 12, 24, 36608
and 72 h. The effect of aeration on inulinase petidn was studied by incubating one culture flagk o
shaker (200rpm) and other under static conditioBO&€C for 24 hours. Optimum culture temperature for
inulinase production was determined in the rang808€C, 37°C, 45°C, 55°C and 70°Con static condition
for 24 h. Optimum pH for inulinase production waetmined in the culture grown in M9 medium with
1% Inulin at different pH range from 4 to 10 (IN® and 1N HCI were used for adjusting pH of the
medium). Effect of different carbon sources onimage production was checked by adding 1% w/v of
Glucose, Fructose and Sucrose and combination 1@tininplus 1% sugar (Inulin+Glucose,
Inulin+Fructose and Inulin+Sucrose) to M9 mediunpti®ized sugar (0.5-2% w/vat increments of 0.5
%.) was tested for higher yield of inulinase. Diffiet organic and inorganic nitrogen sources (0.5%
concentration) such as Casein, Peptone, Yeastcextteea, Sodium nitrate and Potassium nitrate were
checked for the maximum inulinase production. Ididn optimized nitrogen source was tested (0.5-1%
with 0.1% increment) for maximum inulinase yielcheToptimal salt concentrations (0.1-0.5%w/v with
interval of 0.1%) of KHPQO,, NaHPO, NaCl and NHCI were determined for the highest inulinase
production.

Effect of different physicochemical parameters onriulinase activity

Inulinase enzyme from the new isolate was assayelétermine the optimum conditions of temperature
and pH. Two ml of inoculum (0.8 Qf} ) was inoculated in 100ml of M9-Inulin medium cdntag
1.5% inulin, 0.7% peptone, 0.3% NP0, 0.4% KHPO, 0.3% NHCI and 0.4% NaCl at pH 7,
temperature 3@ for 24 h at static conditions. Cell-free cultuseipernatent was obtained by
centrifugation at 3,500 rpm at 30°C for 10 minwesl used for the assays. Crude inulinase enzyme fro
the culture supernatant of optimized M9-Inulin mediwas assayed in the reaction mixture containing
0.5 ml crude enzyme, 2ml of 0.2% inulin, 2ml of &ate buffer (pH 4.6) and incubated at 55°C for
20mins. The tubes were then kept in ice bath ferethzyme reaction to stop. One ml of DNSA reagent
was added to one ml reaction mixture and was kepbiling water bath for 10 minutes. It was allowed
cool down and 6ml distilled water was added intcAlbsorbance was measured at 540nm.The optimal
temperature was determined from 30@@vith interval of 8C. The inulinase was assayed at various pH
ranging from 4 to 10 in the following buffer system0.1M Acetate buffer (pH range 4-6), 0.1M
Phosphate buffer (pHrange 7-8) and 0.1M Glycine-Ndtffer (pH range 9-12). Effect of metals on
enzyme activity was measured with different metamely (0.1% w/v) HgG)] MgCl,, ZnCl, CaC},

KCI, NaCl, CdC}and MnC}. The control was kept with enzyme without metaf3006). Also, the effects

of various thermal stabilizers such as0.1% (v/ycetol, mannitol and propanol were examined on the
inulinase activity The crude enzyme was pre-inoedbatith above mentioned respective metal ions and
thermal stabilizers (with control) for 30 minutes3#°C. The residual activity (%) was measured by
standard inulinase assay.

Analysis of Hydrolysis products of inulinase by Higp Performance Thin Layer Chromatography (HPTLC)
Hydrolytic products by inulinase from the isolaterer qualitatively identified by HPTLC. Sample ofi10
hydrolysate was spotted on the pre-coated TLC plgddica gel 60, Merck, Germany) using CAMAG
Linomat 5 band spotterwith the solvent systetnutanol—pyridine—water (6:4:3) and a detectiorgesd
comprising 20 g/l diphenylamine in acetone—-20 gilie in acetone—850 g/l phosphoric acid (5:5:1 by
volumeJ?. Glucose and Fructose were used as sugar stand@ydsof each).The developed plates were
dried in a stream of air. After drying, band scagnivas done with CAMAG TLC Scanner using WIN-
cats software at 350nm.

RESULTS AND DISCUSSION

Enrichment, isolation, screening and identification
The soil samplefrom rhizosphere area of plgve sisalana was enriched in M9-Inulin broth containing
1%inulin as a sole source of carbon and energychgu sample was streaked on agar plates containing
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the same medium and incubated at 30°C for 24 tal Basolates were obtained, designated as AS-1, AS
2 and AS-3 and all three of them showed zone ofdlysis around the colony on MHI agar plates
confirming extracellular inulinase activity (Figurg).All three isolates were assayed for inulinase
activitywhich was found to be 123.30U/ml, 103.68U/amnd 109.7U/ml for AS-1, AS-2 and AS-3
respectively. The selected AS-1 isolate was idiedtidsBacillus sp B51f on the basis of morphological,
culture and biochemical characteristics accordmergey’s Manual of determinative Bacteriology, 8
edition and byl6S rRNA gene sequencing analgase sisalana and many other plants of the Agave
genus are considered to be a rich natural sourceudin viz. Agave americana contains 7-10%
inulin**** Therefore, inulinase producing organi@acillus spB51f was isolated from the rhizosphere
soilof Agave sisalana.

Optimization of culture conditions for maximum inulinase production

From the results shown in Figure 2, it was fourat thedium5- M9 medium with 1% inulin facilitated
maximum inulinase yield (129.7U/ml) Bacillus sp. B51f, hence this medium was used throughout the
study.Presence of inulin in the M9-Inulin mediurduced maximum inulinase production Bscillus sp.
B51f which supports the fact that inulinase is raumlin inducible enzyme. A variety of media have rbee
used previously by various scientists for the pobidm of inulinase by different microbes viz. Czape
Dox agarforSreptomyces sp'*? Beef extract agar foBacillus sp°, yeast extract peptone dextrose
(YPD) medium for yeadl, Potato Dextrose medium féspergillus sp?°, Mineral medium foBacillus
sp? 1B mediuni®’and MHI medium fotMarinimicrobium®™.

Bacillus sp. B51f showed inulinase production starting from 1@fflgrowth and reached maximum in 24
h and then it declined with further increase ination of incubation (Figure 3). Incubation periods
ranging from few hours to several days have beemdoto be best suited for maximum inulinase
production by bacterfaParallel results were obtained Bacillus sp. strain LCB41 which needed 11 h
for maximum inulinase productiéMAn incubation period of 24 h was optimum for imalse production
by Streptomyces sp. CP01Streptomyces sp. GNDU 1 andaphylococcus sp RRL-M-5%%*° However,
Staphylococcus sp.RRL-1andSreptomyces grisenus exhibited maximum vyield after 48'%f% It was
reported thaBacillus cereus MU-31 showed higher yield after 38*while Zherebtsowt al. studied the
maximum production of extracellular inulinase Bgcillus polymyxa 29, B. polymyxa 722 andB. subtilis

68 after 72 h of incubatidh On the other hand, inulinase productionNdgrinimicrobium sp. LS-A18
was found to be the highest after 9& h

Inulinase production byBacillus sp. B51f was found to be the maximum under static daoodi
133.69U/ml while areation exhibited slightly lessgéeld (113U/ml). Similar results were obtained by
Selvakumar and Pandey where aeration showed aagecie the inulinase production $tephylococcus
sp.RRL-Bnd Kluyveromyces marxianus™. Interestingly Goudaalsoreported thaf. fumigates was able

to produce high inulinase without any agitatforThis may be due to the high values of specifiggex
uptake rate by the strain, resulting in the liberabf a proteolytic enzyme and hydrolysis of inaks&°.
However, in other studies, significant increaséniniinase production has been reported where amitat
was essential to produce inulinasempared to static conditioniz. Bacillus sp. LCB41,Bacillus cereus
MU-31, Bacillus polymyxa 29, B. polymyxa 722, B subtilis 68 .Sreptomyces grisenus,Sreptomyces sp.
CPO01 andViarinimicrobiumsp. LS-A18214102223.13

The maximum production of inulinase W¥acillus sp. B51fwas obtained at 30°C(Figure 4).The
production of inulinase decreased as the temperahareased. Low inulinase production at higher
temperature could be due to the reduction of oxygmubility in the medium, or enzyme denaturation
In the case of extracellular enzymes, temperatuag influence their secretion, possibly by changhmg
physical properties of the cell membratié has been observed that, in general, inulinaseproduced
in the temperature range 20-56°CThe results are in accordance with the previdusias where
Bacillus cereus MU-31,Saphyl ococcus sp Sreptomyces sp. CP0IStreptomyces rochei E87, Sreptomyces
grisenus, A. fumigates andKluyveromyces marxianus YS-1were found to produce a very active inulinase
enzyme at 30°C-32°819142223.5536gayarg| past studies demonstrated that the nuaxiproduction of

www.ijpab.com 164



Aruna, K. et al Int. J. Pure App. Biosci. 2 (3): 161-176 (2014) ISSI820 — 7051
enzyme was at temperatures between 33 and 35°Bafidllus polymyxa 29, B. polymyxa 722, andB.
subtilis 68 while for Marinimicrobium sp. LS-A18 it was 37°¥'>. The production of extra-cellular
inulinase byStreptomyces sp. GNDU1 andBacillus sp. LCB41 peaked at 46°C and 50°Crespectit&ly
High level of inulin-inducible extracellular inukise production by a thermophilic soil isolaBe
stear othermophilus KP1289 in the range of41 to 69°Chas also been dsiraed"

Inulinase production by microbial strains dependspél of the culture medium that affects enzymatic
processes and transport of compounds across thmemlbrane. The optimum production of inulinase by
Bacillus sp. B51f was obtained at pH 7 and significant amouninafinase production was also seen at
pH 8 (Figure 5).The microbial sources mainly havaeatral or alkaline pH as optimal for inulinase
productiori>. There were reports dfie maximum production of extra cellular inulinaseymeat pH 7-

7.5 by Bacillus polymyxa 29, B. polymyxa 722B. subtilis 68 Bacillus cereus MU-31, Saphylococcus sp.,
Streptomyces sp. GNDUISreptomyces grisenus, Marinimicrobium sp. LS-A18 andArthrobacter
spl0119142460 Tha maximum yield of inulinase at pH 8 has alserb observed b§lavobacterium
multivorum, Bacillus sp. LCB41 andreptomyces sp.CP0$*%+%

When the mineral medium was used, the presenceubhias the sole carbon source was necessary for
the production of the inulinase.A combination dflin and one sugar had catabolite repression effect
inulinase production byBacillus spB51f, the inulinase activity decreased 2.2-fold gincose (65.9
U/ml), 2.5-fold on sucrose (57.2 U/ml) and 3-fold fructose (48.1U/ml) as shown in Figure 6. This
inhibitory effect on enzyme level remained in thaeng order when fructose, sucrose, or glucose wabs us
as the sole carbon source The activity decreagefbltl on glucose (104.9 U/ml), 1.4-fold on sucr¢a@
U/ml), and 1.9-fold on fructose (76.34U/ml). Frustowas the most suppressive in both cdBadl!lus

sp. B51f showed maximum production of enzyme in M9-inuhedium with 1.5% inulin and enzyme
production was inhibited at higher concentratiofisnolin (Table 1). Above facts support the dual
mechanism of regulation exists in bacterial st&anillus sp. B51f where it might be able to regulate the
level of inulinase by a substrate (inulin) induati@and product (fructose) repression.Similar duel
mechanism of substrate induction and product remes has been observed iGlostridium
acetobutylicum, Aspergillus niger A42, A.fumigatus,Sreptomyces sp.GNDU£#?7%3%424 The production

of inulinase by&aphylococcus sp.Bacillus cereus MU-31, Bacillus smithii T7, Marinimicrobium sp. LS-
Al8was found to be higher in the presence 0.5 %%1.2% and 4% of inulin in culture medium
respectivel§"***>° In contrast,B. polymyxa 722 andB. polymyxa 29 displayed highest activity of
inulinase on a culture medium containing starch reg the corresponding maximumBnsubtilis 68
was observed in the presence of suéf@ecrose has also been reported as the best indudeulinase
production byKluyveromyces marxianus YS-1 andAspergillus niger ATCC2061%%%% However, there
were reports where the inulinase was not inducileled wasconstitutively expressed in
Xanthomonascampestris and Aspergillus niger®®*3 On the contrary, inulin has also been noticed psor
inulinase inducer idspergillus niger 245",

Besides carbon source, the type of nitrogen somrtee medium also influences the inulinase yield i
production broth.Maximum vyield of inulinase (149.84ml) was shown byBacillussp. B51f when 1%
peptone was present in M9-inulin medium (FigureTHe present finding indicated that the supply of
organic nitrogen source like peptone and yeasteiiresulted in high inulinase production, whereas
inorganic sources had moderate effect on inulipeeduction.Of the various concentrations of peptone
(0.5-1%), maximum inulinase activity (159.52 U/méjsvobserved at 0.7% (Table 1).Further increase in
peptone concentration had some repressive effettudimase production.However, there were reports
where the inulinase productioribypolymyxa 722, B. polymyxa 29 andB. subtilis 68 in the 2% peptone-
containingmedium was low, but was high in case %f least extract followed by malt extract.Similar
results were recorded for many bacterial strainghviiequire organic nitrogen source for maximum
inulinase yield viz. Marinimicrobium sp. LS-A18(1% pepton&)Bacillus cereusMU-31(1.5% yeast
extract}’, Saphylococcus sp. (0.5 % soybean meal)Streptomyces sp. CP01 (0.7% tryptorfé)
Streptomyces  sp.GNDU1(3%yeast extrattKluyveromyces marxianus YS-1 (0.5% pepton&and
Aspergillus niger ATCC20611(0.5% meat extrattKim tested a wide range of organic nitrogen scairce
as to their effectiveness for inulinase productigrPenicillium spl and observed that peptone and corn
steep liquor stimulated enzyme production whereea and yeast extract had less influéhice
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Among the inorganic sources, urea, sodium nitraté potassium nitrate were found inhibitory for
inulinase synthes!® Gupta et al. who found that maximum inulinasedpition was observed with
NaNO; for Fusarium oxysporum®. Nonetheless,treptomycesgrisenus showed higher inulinase
production in presence of in organic nitrogen ser8% NaN@in culture medium whereasspergillus
fumigatus exhibited high yield of inulinase when 0.38% Kh®@as used as nitrogen source in culture
mediunf®*>. Maximum production of inulinase b4spergillus niger ATCC20611 was observed in the
control medium without inorganic nitrogen sour€es contrast Derycke and Vandamme reported
maximum vyield of inulinase byA. niger strain in presence of (NSO, as nitrogen souré& The
inhibitory effects of inorganic nitrogen sourcesiouliase production bif. fragiliswere alsoreporte8

As indicated in Table 2, when various concentraioh components ofthe medium were used for the
production of inulinase bacillus sp B51f; there was marginal difference in the amouninalinase
enzyme produced. Optimum concentrations ofhNRD, (0.3%) K,HPO, (0.4%) NH,CI (0.3%) and NaCl
(0.4%) exhibited higher inulinase production.

Effect of different physicochemical parameters onriulinase activity

Bacillus sp. B51f when cultivated in M9-Inulin madi containing 1.5% inulin, 0.7% peptone, 0.3%
NaHPQO;, 0.4% KHPO,, 0.3% NHCI and 0.4% NacCl at pH 7, temperature &for 24 hours at static
conditions exhibited maximum inulinase yield. Imalse enzyme from the culture supernatant of
optimized M9-Inulin medium grown witiBacillus sp. B51f was assayed in the reaction mixture
containing 0.5 ml crude enzyme, 2ml of 0.2% inulim| of acetate buffer (pH 4.6) and incubated &t55
for 20 mins.

The inulinase enzyme froBacillus sp. B51f was found to be more active in an alkalinegeathan acidic
range with an optimum of pH 8 (Figure 8) which wsimilar to optimum pH of inulinase from
Marinimicrobium sp. LS-A18°. However, this optimum pH was higher compared tioeo bacterial
strains such @etobacter diazotropicus SRT4 (pH5.5Y, Clostridium acetobutylicum (pH5.5¥°,
Streptomyces sp. ALKC 4 (pH65°, P. mucidolens (pH6.0)}°, Sreptomyces grisenus (pH7)?, Bacillus
polymyxa MGL21 (pH7),B. stearothermophilus KP1289 (pH7), Streptococcus salivarius (pH7),
Arthrobacter sp. (pH7.5¥ andC. Thermoautotrophicum (pH7.5f". Loss of inulinase activity beyond the
optimum pH could be as a result of the changebdrstate of acidic or basic amino acids in theginot
Changes in pH may also change the shape or chaogerfes of the substrate so that neither the
substrate can bind to the active site nor it catetyo catalysis.

Bacterial inulinases generally have temperaturérapin the range 30-60%C The Inulinase enzyme
from Bacillus sp. B51f demonstrated optimum activity at 55°C hualso retained enzyme activity
between 30°C to 70°C indicating its thermostableumga(Figure 9). Parallel results were also obskrve
for exoinulinase from the bacteriu@eobacillus stearothermophilus KP1289 which was active between
30°C and 75°C with an optimum at 63°@hereaghe inulinase fronBacillus subtilis 430A was stable
at an optimal temperature of45 to 581€ contrast, the exoinulinase activity producedBbypolymyxa
MGL21 is optimal at 35°€. The past research work showed thatitiinases fronmtaphylococcus sp.,
Arthrobacter sp., Sreptomyces sp. CP01 Marinimicrobium sp. LS-A18 andPseudomonas mucidolens
were optimallyactive at 50°C-55%¢°1%1"%3 whereas inulinases fronC. thermoautotrophicum,
Streptomyces sp. GNDUF* have optimum temperature of 0 The inuliases fronStreptomyces sp.
ALKC4 and Thermotoga maritima were reported to be optimally active/@C and 90° @espectively
indicating the optimal temperatures of the exoimagie from different species of bacteria are sicguifily
differenf>",

In an attempt to further characterize the inulinexsgyme fronBacillus sp. B51f; various metal ions were
tested on inulinase enzyme activity. Residual #@gtiof the inulinase enzyme was positively entehc
by C&* andwasmarginally inhibited by Mg Cd*, Na'and K whereas Zff and Hg"inhibited it by
30% and 10% respectively (Figure 10). Similar risswere reported for pure inulinase enzyme from
Streptomyces grisenus; itwas stable in the presence of Catld was inhibited bycompounds such as
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ZnSa, MgSa, MnSa, FeSa, CuSa and MnC}*while Zré* and HG* were inhibitors for inulinase from
P. mucidolens'®. The past research work of inulinase fr8arillus cereus MU-31 wasstimulated by Mg
and was strongly inhibited by Eflgnd PB*at 1mM concentratidfiwhereas inulinase froi@reptomyces

sp. ALKC4 andStreptomyces CPO1 tolerated several metal salts except g€l Garuba and Onilude
reported a total loss of activity of inulinase fr@accharomyces sp. inthe presence of Hgvhile in the
presence of Kand C4' the inulinase activity was increas2dA number of inulinases produced from
other microorganisms were found to be*Cdependert. Cofactors are generally not required for
inulinase activity but divalent cations such as'Gaften stimulate the enzyme activity. The negative
effect of ions on the inulinase is generally theutefrom direct inhibition of the catalytic sitikd many
other enzymes. The strong inhibitory effect obséruith H¢f* suggested that some —SH- group in the
protein might be essential for the activity of imalse. This has been also observed for other mairob
inulinase&®’""® This effect may be due to the formation of corrpléth ionized inulinase resulting in
changing solubility and behavior at the substnaterfaces.

The effect of various thermal stabilizers on inaie activity fromBacillus sp. B51fwas analyzed.
Mannitol and propanol retained 73% and 87% of theyme activity respectively whereas Glycerol
enhanced the activity by 105% (Figure 11). Simiksults were observed wislireptomyces sp. ALKC4
where glycerol and mannitol exhibited a protectgfect on inulinase enzyme activity Garuba and
Onilude also reported stabilizing effect of glydeoa inulinase fromSaccharomyces sp®. Amongst the
thermal stabilizers used, glycerol exhibited a icent stabilizing effect on the enzyme suggestimat
the thermostability of the enzyme can be furthenaemwed, thus making it suitable for commercial
applicatiort®. Glycerol having the best stabilizing effect coblel as a result of preferential exclusion of
the polyols with proteins, which increases with ianreasing polyol siZe resulting in an indirect
interaction that prevent the protein from thermafolding’.Similar results have been previously reported
by Ongen-Baysal et &.and Taylor et &°.

Analysis of Hydrolysis products of inulinase by HPTC
Inorder to confirm the exo- or endo- nature of ¢thede inulinase produced Bacillus sp. B51f, HPTLC
analysis was carried out. The HPTLC analysis offtherolysis product of inulunase demonstrated that
fructose was the major sugar produced during hydi®l(Figure 12). This supports the view that
inulinase is an end group cleaving enz§mewas concluded that the nature of inulinasedpoed by
Bacillus sp. B51f is of exoinulinase type suggesting its potrdipplication for the production of ultra-
high fructose syrup. In this respect, it resembkhes exoinulinases dflarinimicrobium sp. LS-A18°
Bacillus polymyxa'’, Sreptomyces sp. ALKC#®, Sreptomyces sp. GNDUZF® Geobacillus
stearothermophilus®®, A. awamori®, Kluyveromyces marxianus sp?”% Saccharomyces sp.”?and Erwinia
sp®.
Fig.1: Screening of inulin degrading organism on MHlagar plate stained with Lugol’s iodine solution.Zone

of clearance of inulinase enzyme produced by AS-&dlate

s
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Fig.3: Effect of incubation period on inulinase prauction byBacillus sp.B51f

Fig.2: Effect of different media on inulinase prodiction byBacillus sp.B51f
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Fig.4: Effect of incubation temperature on inulinag production byBacillus sp.B51f
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Fig.5: Effect of different pH on inulinase production byBacillus sp.B51f
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Fig.6: Effect of different carbon sources on inulimse production byBacillus sp.B51f
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Fig.8: Effect of different pH on activity of inulin ase fromBacillus sp.B51f
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Fig.9: Effect of different temperature on activity of inulinase fromBacillus sp.B51f
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Fig.10: Effect of different metal ions on activityof inulinase fromBacillus sp.B51f
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Fig.11: Effect of different stabilizers on activityof inulinase fromBacillus sp.B51f
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Fig.12: HPTLC analysis of hydrolysate of inulinasdromBacillus sp.B51
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Table 1: Effect of different concentration of Inulin and peptone on production of inulinase byacillus sp. B51f

Inulin conc. Enzyme activity (U/ml) Peptone Enzyme activity (U/ml)
(%) Mean+SD conc.(%) MeantSD
0.5 129 +0.92 0.5 149.64 +0.72
1.0 146.22 + 0.33 0.6 151.2 £0.04
15 150.9 +0.01 0.7 159.52 + 0.83
2.0 113.63 + 0.56 0.8 147 £0.77
0.9 139.12 £ 0.79
1.0 136.4£0.12
Table 2: Effect of different concentrations of sak on production of inulinase byBacillus sp. B51f
Enzyme activity (U/ml) (MeantSD)
Conc. (%)
Na,HPO, K,HPO, NH,CI NacCl
0.1 149.2 £0.93 154.3+0.24 158.1+0.7 154.@4t+
0.2 151.25 +0.04 156.4 £ 0.41 158.7 £ 0.08 1540768
0.3 158.6 £ 0.51 157.8+0.84 159.3+0.61 155.8692
0.4 156.1 +1.01 160.24 + 0.53 158.4 + 0.65 1560465
0.5 154.32 +0.32 156.5+0.99 157.2 £ 0.7] 1540976
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CONCLUSION

The present work reveals thBacillus sp. B51f isolated from rhizosphere soil 8fave sisalana is a
promising organism for industrial production of tim@stable exoinulinase. Inulinase is one of the key
enzymes in the food industry which can be usegbfoduction of fructose from inulin.The results bist
study warrant further characterization of the strdor commercial exploitation for food and
pharmaceutical industries.
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