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ABSTRACT

This study undertook exploration of Indonesian Degihnt (Dahlia variabilis), that can potentiallyebdeveloped as
the source of inulin. Aspergillus clavatus Gmnlt8s an endophytic fungi isolated from Brastagi’'shba
rizhosphere which had been previously reportechtashigh inulinase activity by producing wide hatne around
the colonies. This research aimed to optimize thedyction of inulinase by A.clavatus Gmnl1l.3.Inatie
production was carried out using the best induc#;ihulin in a medium containing 0.05% Mg&SH,0; 0.015%
FeSQ; 0.2% NaCl, 0.05%KCI, and 1.0% yeast extract alG37pH 4.5, and 5 days incubation (120 hours).The
crude extract of extracellular enzyme was purifigdammonium sulphate precipitation, followed bytaelex G75
and G50 gel filtration, DEAE cellulose and DEAE-dpgarl anion exchanger-column chromatography. Tinetyp

of extracellular enzyme was monitored using SDS PAGBulinase purity increased 5.91 fold after aminom
sulphate-fractionation, and 71.66 fold after puwétion using gel filtration-column chromatographyda ion
exchange-column chromatography. Inulinase froml#@atus Gmn11.3 showed higher affinity than tsitbstrates
with Km 0.078mM and 0.039mM, and Vmax were 0.098mavid 0.041mM/h respectively at optimum pH 5.0;
temperature 58 at four hours-incubation time; and its moleculaeight were estimated to be 65.2KDa and
62.4KDa. Whilstinulinase from A. niger Gmnll.1, asomparison, had a Km and,¥ value 0.021mM and
0.022mM/h respectively at optimum pH 4.6; tempee#b'C with 15 hours incubation time; and its molecular
weight was estimated to be 63KDa.

Keywords: Aspergillus clavatu®abhlia, fungi, inulinase, purity rhizosphere.

INTRODUCTION

Inulinase is an enzyme that hydrolyses inulin iritactose or fructooligosaccharide. Exo-inulinagg-D-
fructanfructohydrolase, EC 3.2.1.80) splits off tteeminal fructose units from non-reducing end lo¢ inulin
molecule; it also hydrolyzed sucrose and rafindsedoinulinase (2, B-D-fructanfructanohydrolase, EC 3.2.1.7)
targets the3-2,1 linkage of inulin (a polyfructan consisting lofear -2,I-linked fructose) and hydrolyzes it into
fructose [1,2]. This polymer is a recognized sodorehe production of ultra-high fructose syrupsich after exo-
enzymatic hydrolysis yielding over 95% D-fructosmntent, while the production of oligofructose syispcarried
out by endo-enzymatic hydrolysis, or for ethanaldurction using fermentation process [2].

Inulin can be hydrolyzed by a chemical approach, there are many disadvantages [1,3]. On the dtled,
complete hydrolysis of inulin by inulinase yieldS% pure fructose and fructo-oligosaccharides. hagée can be
produced by many microorganisms includi@taphylococcysxanthomonasPseudomonasnd Arthrobacterurea
faciens yeasts such akluyveromyces fragilisk. marxianus Candida kefyr and Debaryomyces cantarelland
fungi includingPenicillium and Aspergillusspecies [1,2,4,5]. The enzyme convert inulin iatooligosaccharide,
DFA Il (di-D-fructofuranose 1,22,3dianhydride), and a small amount of other oligokaddes. This enzyme was
designated as inulin fructotransferase (DFA Illgarcing, EC 2.4.1.93). There have since been sewvepalts on
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the inulin fructotransferase (DFA IllI-producing)om Arthrobacter species [6,7,8,9]. Another enzyme had been
purified fromBacillus spby Kanget al [10].

In foreign countries, Chicory root plantSi¢horiumintybu¥ have been commercially used as a possible caedida
for alternative crop to sugar beet contains in{difh]. However, people from some countries includindonesia
have never used to take the benefits from Chiddahlia tubers are known to contain compounds whive high
bioactivity. In some regions in Indonesia, espégial Sumatera with the mountainous topography, I[Ratan
naturally grow well. For instance, in the provinoé Sumatera Barat, such as in Solok, Padang Panjang
Payakumbuh, and BatuSangkar; Brastagi (Sumateraa)Jt€urup (Bengkulu), and LubukLinggau (Sumatera
Selatan) Dabhlia thrives in an environment of settlats. While in Kalimantan, Dahlia is relativelyfitiult to find
due to environmental factors affecting the growth @ahlia [12].In this study, exploration oDabhlia
variabilisendophytic fungi that can potentially be developadthe source of inulin was carried out. Soil saspl
and Dabhlia tuber crops which have become rottersaveces of inulinase-producing microbes [13]. Prgvious
studies resulted that a number of fungi isolateanfrsome regions in Sumaterashowedmedium to higimase
activity andAspergillus clavatusvas found to be the highest [14]. Since there laels of reports on inulinase from
this fungi,this research aimed to produce, purdfgd characterize the inulinase frakspergillus clavatusstrain
Gmnll.3.

EXPERIMENTAL SECTION

Materials

The strain,Aspergillus clavatusmnll.3,used in the present study was isolated tlwmmrhizosphere of Dahlia
(Dahlia variabiliswhich was grown in Brastagi, Province of Sumatdtara. This strain had produced the widest
clear zone in the previous study [15] and it mairgd in PDA slants and taken for further studiebe Tungal
culture was inoculated into 25 ml PDA medium with p.0 then incubated in a shaking incubator at fi®0speed
for 3 days at 3UC [14]. The culture was used for the subsequemhdetation experiments.A total of 2.5 mL
fermentationculture was inserted into the flasktaoring 25 mL of medium pH 5 consisting of 1% iml0.5%
(NH,),HPQy, 0.05% MgSQ.7H,0, and 0.015% FeS{16]. The mixture was incubated for 5 days in acubator
shaking at 100 rpm and %0.

Inulinase Production by Aspergillus clavatus Gmn11.3

Determination of the length of incubation

Determination of the length of incubation in inalé® production was carried out by varying the iatiol time
from 0 to 12 days. Inulinase activity was deterrdity measuring the reducing sugars formed by théhadeof
ortho-toluidine and biomass was determined graviosadty.

Determination of the effect of inducer concentratio

A series of inulin concentration used were 0.198586; 0.5%; 0.75%; 1.0%, and 1.5%. The medium cadoomce

change was made with glycerol, lactose, cellulssarch and sucrose to see whether inulinase wrachbeen
produced was inductive or constitutiveExperimentswaarried out with three replications. This mixtumas

incubated at a temperature of@tand pH 7.0. Harvesting is done every 12 hourk wit initial hour as control. Al
samples were examined of fructose level formedntimber of biomass produced, and inulinase activity

Determination of the influence of the medium compadson

Experiment was conducted in a variety of medium pasition to determine the effect of various composiof the
medium on enzyme activity as showed in Table 1eBeination of fructose, reducing sugars, and bi@rihat
formed with three replications was undertaken inf@nented medium. The most appropriate mediunmhis t
experiment was used in subsequent experiments.

Table 1.Various compositions used to measure enzyraetivity

No. medium Composition

1% inulin

1% inulin + 0,5% (Nk).HPO,

1% inulin + 0,5% (N, HPO, + 0.05% MgSQ.7H,O

1% inulin + 0,5% (N, HPO, + 0.05% MgSQ.7H,0O + 0,015% FeSPO

1% inulin + 0,5% (NK);HPO, + 0.05% MgSQ7H,O + 0,015% FeS©+ 0,2% NaCl

1% inulin + 0,5% (NK):HPO,+ 0.05% MgSQ7H,O + 0,015% FeS&+ 0,2% NaCl + 0,0-5% KCI

1% inulin + 0,5% (NK);HPO,+ 0.05% MgSQ7H,O + 0,015% FeS©+ 0,2% NaCl + 0,0-5% KCI + 1% yeast extract
1% inulin + 0.05% MgS©7H,O + 0,015% FeS&*+ 0,2% NaCl + 0,0-5% KCI + 1% yeast extract

1% inulin + 1% yeast extract

1% inulin + (NH),HPO, + 0.05% MgSQ.7H,0O + 0,015% FeS&+ 0,2% NaCl + 0,0-5% KCI + 1% yeast extract + 1%rese

Blo|o|~|o|a|slw|n|e
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Effect of fermentation temperature

Experiment was conducted with 25ml of medium pHn8 agitation 100rpm with various temperature us@tC3
35°C; 37C; 40°C, and 56C, and then determined the relationship betweem&ss growth and enzyme activity
against temperature.

Effect of pH fermentation medium
A series of pH value 3.5; 4.0; 4.5; 5.0; 5.5; arfél®as used. Subsequently, the relationship cuetden biomass
growth and enzyme production with pH treatmenhatdptimum temperature was made.

Biomass concentration measurement

Cells produced during the fermentation process weparated from the liquid medium by centrifugatarb000
rpm for 15 minutes and washed with distilled watad filtered with filter paper that had been knotha weight
guantitatively. Subsequently, the samples wereddriean oven for 3 hours at a temperature of 6WG74nd after
cooling in a desiccator for 15 minutes the samplese weighed. Samples were reheated for 20 miratdooled
in a desiccator for 15 minutes and then weigheédhagatil reaching constant weight.

Determination of inulinase activity

Inulinase activity was determined by adding 1mlofyame solution with 9 ml of 1% inulin. Incubatiorag/carried
out at a temperature of 4@ for 8 hours, and then the enzyme activity wagmd by immersing the system in
boiling water for 10 minutes [14]. In addition, &tose formed was determined using ortho-toluidirthmd.

InulinasePurification

Inulinase Fractionation

Inulinase production was carried out in a 600 nitremeyer flask with 300 ml medium at°87 pH 4.5, and
agitation of 100 rpm for 5 days incubation. Aftecubation, extracellular enzymes were separatezkbirifugation
at 5000 rpm, for 20 minutes at a temperature C4@ crude enzyme extract fractionated by prediitausing
ammonium sulphate with degree of saturation of 80%. The result of fractionation was dialyzed 02D M

phosphate buffer pH 7, and then inserted into thefitiration chromatography column. Purificatioy lsolumn

chromatography Sephadex G75 gel filtration wasgugiri.5 x 60 cm column with a flow rate of 1 mlfide0.01 M
acetic acid as elution media. Purification followsdSephadex G50 column chromatography sized 22cr.The
active fraction resulted fromSephadex G50 colunmomiatography was purified further by anion exchaocgiemn
chromatography with DEAE-Cellulose and DEAE-Toyapea

Determination of protein content
Protein content was determined by the Lowry mefiddl using bovine serum albumin as a standard.

Determination of kinetic parameters
The Michaelis-Menten kinetic parameters Km and Vmaxe determined from Lineweaver-Burk plots usimgjin
at concentrations ranging from 0.5 to 2.0 mM andd?®00 mM, respectively, as substrate.

RESULTS AND DISCUSSION

The rising potential of inulinase applications, Isus production of high fructose syrups, fructomdigccharides,
ethanol, and inulo-oligosaccharides which are esttety used in pharmaceutical and food industriess been
promoting to search for new sources of inulinasend¢, microorganisms are the best sources for cocrahe
production of inulinase because of their easy atitbn and high yields of the enzyme. The attenfiphis research
was made to optimize and identify inulinase prouuctoy Aspergillus nigerisolated from the rhizosphere of
Dabhlia.

Saryonet al[15] had isolated33inulinase-producing fungi isethfrom Dahlia’s rizhospheres which were grown in
various places on the island of Sumatra and Jadatlzere were 15 species that had never been repasea
producer of inulinase, namelyCunningha mellaelegan, Rhizopus stolonifer, Asfiesgiclavatus, Fusarium
culmorum, F. solani, F. culmorum, Cylindro cephatwreum, Humicola grisea, Oidio dendrongriseum, @eoin
sp., G. candidum, Penicilliummelinii Thom, P. aitnengrum,andCephalosporium sprhe isolates were tested using
submerged fermentation which inulin was used asotiig source of carbon with the addition of somenenals.
Futher moreA. clavatu&mnl11.3 from Brastagi showed a very high inulinasivity with reducing sugar of 2.94
mg/ml.
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Optimization for inulinase production by Aspergillus clavatus Gmn11.3

Various treatments such as the length of incubatioducer concentration, carbon sources, and medium
composition were prepared as described in mataaiadsmethods as an optimization for inulinase pctida byA.
clavatusGmn11.3 grown in the basal medium for 24 h.

The length of incubation for inulinase production

The incubation time of inulinase production By clavatusGmnl11.3 varied from 0 to 12 days with pH 5,
temperature 3T and agitated at 100 rpm. Inulinase activity pastlibyA. clavatusGmn11.3 increased during the
growth phase until the stationary phase. This tesak consistent with the research of VandammeDird[13]
who found that the production of extracellular ineke enzyme produced Bjyuyveromyces fragilincreased even
during stationary phase. The length of incubati@nifiulinase production bj. clavatusGmnl11.3 was five days
with the highest activity of 2.51 mg/ml. The highe®mass produced of'@ay was as much as 0.0197 g, and the
highest level of reducing sugars in the medium feasd on 4'day of 3.97 mg / mL, as shown in Fig 1.
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Figure 1. Profil of inulinase production byA. clavatus Gmn11.3. on medium containing inulin as the onlyarbon source

A. clavatusGmn11.3 could potentially be used as a produceruhase, because the incubation time was redbtiv
faster than the production of inulinase froRusarium oxysporum,Marinimicrobium spand Aspergillus
versicolof18,19,20]. Nakamurat al, [21], produced inulinase from. niger mutant 817 with a seven days
incubation time. While Chainulfiffatet al, [22], reported that optimum incubation time fdwetproduction of
inulinase from local strain &k. nigerGmn11.1 was five days.

The production of inulinase is growth associatedl i@ached the optimum near the stationary phased&brease in
enzyme activity after 5 days fermentation couldeliber due to decrease in nutrient availabilityie medium or
catabolic repression of enzyme as reported by Kwgnat.[23]. One of the most important factors that defesd
the cost of production in the fermentation process the time of enzyme production. Therefore, mefigrts
needed to transform and accelerate the produdtios hecause microorganisms naturally produced mizgrae at
slow speed.
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Figure2. Inulinase activity, reducing sugar contentand biomass produced at various concentrations afiducers on inulinase production
by A. clavatus Gmn11.3
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Determination of inducer concentration

Determination of the appropriate inducer conceitnafor inulinase production by. clavatusperformed by
varying the series of concentration of inulin 0.1025%; 0.50%; 0.75%; 1.0%; and 1.5%. Inductiveyere such
as inulinase would be synthesized by a microorganighere were inducers or inducer compounds. ith2; the
highest inulinase enzyme production was obtainéddaicer concentration of 1.0% with activity of 2.ehg/ml. The
highest biomass was 0.044 g, also produced antiis iconcentration of 1.0%. While the highest r@dg sugar
level was obtained at the concentration of inddcg#s.

Inducer is a substrate or a similar compound usednzymes to synthesize. Inulin was used as indlesrause
inulin is a substrate for the inulinase enzyme. iéal [24]also produced inulinase froRusarium oxysporum
using inulin from Chikory as inducer. AccordingV¥andamme and Dirk [13], the use of inulin as a oarbource
was a prerequisite in inulinase-producing microb@keningKluyveromyces fragilisised 3% inulin as inducer and
carbon source to produce inulinase. The use ofnimahs better than the other inducers such asadé, fructose,
and sorbitol.

To determine whether inulinase produced was catistit or inductive, replacement with a carbon seugtycerol

and lactose was performed. The highest inulinageitgovas 2.37 mg/ml, produced using inulin asaabon source.
Biomass concentration was expressed as dry celghiveiAs the carbon concentration increased, biomass
concentration increased correspondingly. Thesdtgesere in agreement with those obtained in previstudy[25].
The highest biomass produced by fungi grown in mrediontaining 0.2963 g of lactose, while the higheducing
sugar lactose presented in the medium at 6.05 magrehown in Fig.3.

Inulinase generated bY. clavatusGmn11.3 was inductive which inulin was the beduiter, although this enzyme
could also be induced by other carbon sources ascucrose, starch, and cellulose. Whilst, glycanal lactose
could not induce inulinase at all. Cruzguerretal, [26], found that while inulin was a best souofecarbon or
inducers for inulinase production Hgluyveromyces marxianu€DBB-L-278, this fungus produced the same
enzyme using glycerol as carbon source as wellti@nother hand, a different result reported by Mahdet
al.[27]that sucrose slightly favored inulinase prodtuticompared with pure inulin which suppressed erey
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Figure3. Inulinase activity, reducing sugar, and bbmass in inulinase produced by. clavatus Gmn11.3 in various carbon sources

Based on the result of this study, inulin was a&ptiél inducer of inulinase and it was in a gootkagent with Gao

et al [25] which yielded inulinase 66% higher than tase. In the previous study, fructose was belideee the
primary inducer of inulinase[28]. Fig.3 shows thatclavatusGmn11.3 produced high reducing sugar using lactose
as a carbon source or inducer. This symptom inglicéhatA. clavatusGmn11.3 was not only able to produce
inulinase but also produced lactase pgalactosidase when using lactose as inducer.niasdi production by
microbes was often followed by the activity of atlemzymes such as invertase. Katial, [24] had identified four
types of inulinase and four types of invertase wlifferent properties oRusarium oxysporunwith inulin as carbon
source.Clostridium thermosuccinogenggown on inulin medium could produce six enzymes aof inulinase,
namely lactate dehydrogenase, phosphoenol pyrusatleoxylase, malate dehydrogenase, fumarase, ftanara
reductase, phosphor-transacetylase, acetate kipasate kinase, and alcohol dehydrogenase [29].

Selection of growth medium composition for productn inulinase

The highest activity and the highest reducing sugatent was obtained from medium no. 8 which warssisting

of 1% inulin; 0.05% 0.05% MgSYH,O; 0.015% FeSg 0.2% NaCl, 0.05% KCI, and 1% yeast extract. This
medium was then used in the production of inulinkimvever, the highest biomass was found in theiumedNo.
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10 (Fig.4). Optimization of the enzyme productignaomicrobial was influenced by the formulationtieé medium,
pH, temperature, and the availability of specifitrients properly during fermentation[30,31].
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Figure4. Effect of medium composition on inulinas@ctivity, reducing sugar content, and biomass prodeed byA. clavatus Gmn11.3

The composition of microbial growth media was diéiet from each other depending on the type of rbieso
Enzyme production by microbes also depended oyfie of microbes and nutrients needs appropriagelyiger
Gmnll.1 isolated from Malang, East Java, showel higlinase activity in the medium with inorganiitragen
source, which consisted of 1% inulin; 0.5% (NHPO,; 0.05% MgSQ.7H,O [22]). Another study [21] reported
that inulinase produced from. niger mutant 817 with medium composition 1% inulin; 0.58éptone; 0.1%
(NH,),HPQ;,; 0.05% KCI; 0.05% MgS@7H,0; and 0.001% FeSOH,0.

Determination of incubation temperature on enzyme pduction

The optimum fermentation temperature on inulinaselpction byA. clavatusGmnl11.3 was obtained by varying
the temperature into 80, 35°'C, 37C, 40°C, 48C and 58C. Fig 5 showed the optimum inulinase and the optimum
biomass activity were reached at temperature 8€3¥ith reducing sugar content of 1,97 mg/ml. It hadittle
different from Meenakshet al[32], who reported the optimum temperature forlimase production byBacillus
cereuswas at 38C. Generally, inulinase formation would be redudfethe temperature kept increasing because
temperature influenced the metabolic activity oflsceThe optimum activity of inulinase productioy the soll
bacteriaEnterococcus faecalisyas achieved at a higher temperature 8€5&ter incubation [33].
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Figure5.Effect of incubation temperature on inulinase activity, reducing sugar content, and biomass pduced by A. clavatus Gmn11.3

Determination of pH on Enzyme Production

The secretion of extracellular enzymes by a miabogpiowth medium is significantly affected by pHet®rmination

of the optimum pH for the inulinase production AyclavatusGmn11.3 conducted using the optimum temperature
conditions which had been obtained. The optimuntinase activity (2.55 mg/ml) was produced at pH. & Ge
highest reduction sugar (3.8mg/ml) was producquHad and the highest biomass (0.26 g) was obtaahgdH 5, as
shown in Fig.6. Production of inulinase bVhielavia terrestidNRRL 8126 and mesophilespergillus
foetidusNRRL 337 had optimum pH at 4.5 to 5.5 [34].0n cant to this, maximum production of inulinase from
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inulin by Xanthomonas campestnigas obtained at pH 7, which was also shown tchbeoptimal pH for biomass
growth[35]. However, pH of extracellular enzyme gwotion by a microbe is not always the same as pH o
optimum cell growth, because pH of the enzyme petida is closely related to the secretion of enzypeduced
through the cell membrane [13].
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Figure6.Effect of pH on inulinase activity, reducirg sugar content, and biomass produced b4. clavatus Gmn11.3

Inulinase Fractionation

Based on the best condition which was obtainedipusly, inulinase production was carried out in @0 3nl
medium at 3%C, pH 4.5, and agitation of 100 rpm for 5 days bation. After separated using 5000 rpm
sentrifugation, the crude enzyme extract was yields much as 270 ml with activity of 0.144 U anang/ml
proteint content. Fractionation of crude enzymeaamts was performed using ammonium sulphate anthaSiex
G75 gel filtration. Purification was followed by |ggdex G50 chromatography columns, the activeifraavas
purified further by DEAE-Cellulose anion exchangduenn chromatography.

Activity of 60-100% saturated (NjLSO, purified fraction was 117.3 mg/ml or equivalentG®51 units/ml and
4.56 mg/ml protein content.The purity level increéi$.91 times and recovery reached 33.5% as shoWwalle 2.
Inulinase produced Wy clavatu&mnl1.3 was further purified by gel filtration cola chromatography using
Sephadex G75 as a matrix. Sephadex G75 is abiketodut molecules with molecular weight of 30-Da while
inulinase was about 60 kDa [36].
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Figure 7. Purification using Sephadex G75 column ecbmatography (1.5 x 60 cm) of crude enzyme extradtaction at 60-100%
saturation of (NH,4),SO,, 0.01 M acetic acid as eluent at flow rate of 1 dhlour

Separation using Sephadex G75 gel filtration chtography showed three peaks of protein (Fig. Dlimase was
contained in the third peak which its activity w4 mg reducing sugar/ml or equivalent to 0.651suai activity,
and the protein content of 3.83mg/ml. The enzyme&eadwut of the column at the end or third peaktioaccould
be caused by the enzyme molecules which passedgthithe pores of the gel in advance so that theejprbaving
a molecular weight greater than 70 kDa came ostt. firrotein at third peak from fractions 15, 16,18, 19, 20, 21,
and 22 which have inulinase activity were colledmdsubsequent purification stages. Electropheressults of the
active fraction from Sephadex G75 gel filtratiosukts still showed three protein stains. Two staidigcent to each
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other which were about 60-70 kDa while anothemsteas located quite a distance which was about2& Ko
separate the protein &f clavatusGmn11.3 located far apart on the electrophoresistijgose were performed with
gel filtration chromatography Sephadex G50, whiah filter out molecules with a molecular weightatfout 1.5 to
30 kDa.

Separation of proteins by Sephadex G50 column catognaphy resulted in two major peaks. Inulinasiéviae

presented in the first peak at fractions 5, 6,,7ar8l 9 was obtained as much as 413.4 mg/ml, eguivéo 2.29
units (Fig 8). Results of chromatographic sepanatising Sephadex G50 obtained the inulinase agfivithe first
peak and moved out first because its molecular wi larger than the pores of the gel. The seceadt pas no
inulinase activity and protein allegedly positior&d5 kDa.
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Figure 8. Patterns of protein and activity of fractons after chromatographic separation usingSephade®50 column

SDS-polyacrylamide gel electrophoresis result af firotein from the active fractions of Sephadex Gl
chromatography column showed the persistence aftbeadjacent stains. Separation of both typesatens was
accomplished by ion exchange chromatography colwitina matrix of DEAE cellulose which positively atged
at pH below 9. This positive charge bound negatiedlarged proteins in the inulinase molecules.ihagle having
pH of about 5 negatively charged at pH below 9.

Protein content measurement of the fraction resilten exchange chromatography showed two majekg€eThe
data were consistent with results of previous edgttoresis (Fig. 8), where the G50 gel filtratioaction results left
two stains. Inulinase activity was shown at theosdopeak (Fig. 9), which was 435mg/ml or equivater?.42 units
with a protein content of 1.41mg/ml. This fractielectrophoresis showed one major stains, but thagestill a thin
shadow stain nearby. Thus, inulinase ffarnlavatusGmn11.3 was estimated to have two sub-units.
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Figure 9. Patterns of protein and activity of fractons after ion exchange chromatographic separationsing DEAE cellulose column

Separation of the two adjacent protein resultechfrurification using Sephadex G50 was continuedh \WEAE-
Toyopearl matrix chromatography. The chromatograowed that there were four protein peaks (Fig. Wbere
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inulinase activity was obtained at the third andrfo adjacent peak, so that this enzyme was thotagbonsist of
two subunits. However, there was also a possibiligt this fraction was composed of two types aflimase.
Nakamuraet al[21]Reported the existence of two types of indmaof Aspergillus nigermutant 817 with a
molecular weight of 70 kDa and 68 kDa. Whilst Guptaal[37] found that there were four types of inulinase

produced byrFusarium oxysporumhich each had different properties, such as pltmaph, Km values, and thermal
stability.
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Figure 10. Patterns of protein and activity of fradions after ion exchange chromatographic separationsing DEAE Toyopearl column
Based on all the purification steps that had beadenthe protein content and enzyme activity westimed in
Table 2. The purity increased as the terrace jgatifins were stepped and it reached 71.66 fold bétimg purified
with DEAE Cellulose matrix.

Table 2. Purification steps and its effects on pretin content and enzyme activity

Purification steps Total protein  Spesific activity Totalunit Yield  Purity factor

(mg) (U/mg) (%) (fold)
Crude extract 1620 0.024 38.88 100 1.0
(NH,),SO, 91 0.142 13.02 33.5 5.91
Sephadex G75 22.98 0.510 11.76 30.25 21.25
Sephadex G50 7.6 1.21 9.18 23.55 50.42
DEAE Cellulose 4.23 1.72 7.26 18.19 71.66

Determination of inulinase molecular weight by SDSRPAGE electrophoresies

SDS-PAGE was performed on all stages of the patific of the enzyme. To determine the moleculaghteof the
purified enzyme, standard proteins was used aoWet by the curve of % migration versus log molacweight.
Total length of gel used was 6 cm while sampletinase moved on the gel as far as 1.6 cm and 1, sarthat the
migrationswere26.6% and 28.3% respectively (Fig. fthe percent migration of enzyme samples watgd on
a standard curve,the molecular weightswere obtaifié®.2 kDa and 62.4 kDa. Inulinase molecular Wwergsulted
from various microbes appearedto bedissimilar @nethers. Inulinase produced Bgpergillusspecies generally
showed the nearly molecular weight. Nakametaal [21] found endo- and exo-inulinase Aspergilllus niger
mutant 817 having a molecular weight of 68 kDa &fAdkDa respectively. Fawzi[34], discovered an erzyoh

Aspergillus foetidudNRRL 337 andThielavia terrestridfNRRL 8126with molecular weight of 78 kDa and 70akD
respectively.

To determine the value of Km and Vmax of inulindisem A. clavatusGmn11.3, curve of 1/S vs 1/V was made.
The transformation will produce Lineweaver-Burkwaito determine the price of Km and Vmax (Fig. b2l &ig.
13). From Fig. 12, with pure inulin as substrate)ding Km value of 7.1mg/ml or 0.039mM and Vmaxues of
7.4 mg/mi/h or 0,041mM/h. While with dahlia ubertraxt as substrate (Fig. 13), generating Km valu&4o2
mg/ml or 0.078mM and Vmaks of 17.7 mg/m/h or 0,088m
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Figure 11. SDS-Page electrophoresis of inulinaseofnA. clavatus Gmn11.3, 1= standard 20 pl, 2=DEAE-celluloseion eRange
chromatography, 3= £ peak of DEAE-Toyopearl, 4= 2 peak of DEAE-Toyopearl, 5 and 6= "3 peak of DEAE-Toyopearl, 7 and 8= %
peak of DEAE-Toyopearl.
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Figure 12.Lineweaver-Burk curve of inulinase fromA. clavatusGmn11.3 with pure inulin as substrate

Lower Km and higher Vmax indicated that this enzyiael a high reactivity. Km value &. clavatusGmn11.3
inulinasewas smaller than inulinase fr@acillus substilis430A that is equal to 8mM[38]. On the other hand,
Nakamuraet al. [21]reported Km of inulinasefromA. nigermutant 8d@s 0.48mM. It showed that the lower value
of Km inulinase ofA. clavatu&mn11.3 meaning that this enzyme had a higher figigcitowards their substrate
compared with inulinase froBacillus substilis#30A and inulinase frorA. nigerMutants 817.
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Figure 13.Lineweaver-Burk curve of inulinase fromA. clavatusGmn11.3 with dahlia tubers extract as substrate
CONCLUSION

Inulinase production was carried out using the begicer; 1% inulin in a medium containing 0.05% 34.7H,0;
0.015% FeS@® 0.2% NaCl, 0.05% KCI, and 1.0% yeast extract ZC3 pH 4.5, and 5 days incubation (120
hours).The crude extract of extracellular enzyme warified by ammonium sulphate precipitation, deled by
Sephadex G75 and G50 gel filtration, DEAE celluloaad DEAE-Toyopearl anion exchanger-column
chromatography. The purity of extracellular enzywes monitored using SDS PAGE. Inulinase purity éased
5.91 fold after ammonium sulphate-fractionationd afl.66 fold after purification using gel filtratiecolumn
chromatography and ion exchange-column chromatbgraipulinase fromA. clavatusGmnl11.3 showed higher
affinity than to its substrates with Km 0.078 mMdad.039 mM, and Y., were 0.098 mM/h and 0.041 mM/h
respectively at optimum pH 5.0; temperatur@@®@t four hours-incubation time; and its moleculaight were
estimated to be 65.2 KDa and 62.4KDa. Whilst iragi& fromA. nigerGmnll.1, as a comparison, had a Km and
Vmax Value 0.021 mM and 0.022 mM/h respectively atropth pH 4.6; temperature %5 with 15 hours incubation
time; and its molecular weight was estimated t6®&Da.
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