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Production of Inulinase from Rhizoctonia solani
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Abstract: Rhizoctonia solani isolated from Tekirdag-Turkey soil, was found to produce a very active inulinase

enzyme. The optimum conditions for enzyme production were determined. Maximum growth was observed at
45°C while the highest inulinase production was determined at 40°C. The best inulinase production was
observed at an imitial medium pH 6.0 and on the first day of cultivation time. Inulin and Jerusalem artichoke
powder as carbon source were the most effective on production of nulinase from R. solani. The highest
productivity was recorded i the presence of 10 mM NH,H,PO,+10 mM NH,NO, as mtrogen source.
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Introduction

Tnulin is a polysaccharide contained in dahlia, chicory,
Jerusalem artichoke and so on. Its chemical structure 1s a
linear § 2, 1-linked fructose polymer terminated by a
sucrose residue. Haraguchi et al. (1990). Inulin has been
considered a possible source for production of fructose
either by acid hydrolysis or by enzymatic degradation of
the polymer. Recently, inulin has been employed in
diagnostic and has also been considered for use as a
carrier in controlled delivery of drugs. Azhari et al. (1989)
mulinases are enzymes that degrade the B-(2~1)-linkages
of p-fructan chains by two mechanisms. Exo-inulinases (-
D-fructopyranoside  fructohydrolase, E.C.3.2.1.80)
sequentially  split-off  the  terminal B-(2-1)-
fructofuranocsidic bonds, whereas endo-action enzymes
(p-D-fructan fructonohydrolase, E.C. 3.2.1.7) hydrolyse
the internal linkages in inulin to release a set of inulo-
oligosaccharides as the main reaction products. Arand et
al. (2002).

Many organisms, including filamentous fungi, yeast and
bacteria are able to produce mulinase. Wei et al. (1999).
The microbial preparations of inulinase possess
remarkable mvertase (S) activity accompanying the
inulinase activity (I). Their catalytic activity is described
m terms of I/S or S/1 ratios. Pessomi et al. (1999).

In this report, we described the optimal conditions for
mulinase enzyme from R. solani growth on Jerusalem
artichoke powder.

Materials and Methods

Microorganism: Rhizoctonia solani was 1solated and
identified in Trakya University, Faculty of Agriculture,
Department of Plant Project from Tekirdag-Turkey soil
The screening procedure for R. solari was based on use
of Jerusalem artichoke as the sole carbon source. A

modification of the medium of Derycke and Vandamme
was used. Derycke and Vandamme (1984). This led to
identification of R. solani as the best inulinase producer.

Screening medium: The screening medium was modified
according to Derycke and Vandamme and had the
following composition: Jerusalem artichoke powder 1%;
K,HPO, 1%; MgS0.,.7H,O 0.05%; NaNO, 0.15%; KCl
0.05%; FeSO,. 7H,0 0.01%; NH,H,PO, 0.2%; Agar 1.8%;
initial pH was 6.0. R solani were plated on the agar
medium and incubated at 28°C for 4 days.
Preparation of Jerusalem artichoke: Jerusalem
artichokes were washed with cold water, sliced and then
dried i Pasteur oven at 80°C. After milling, the resultant
fine powder was used directly as a carbon source. Ongen-
Baysal et al. (1994).

Medium and cultivation: The medium for the enzyme
production contained Jerusalem artichoke powder 3.0%;
NHNO,; 023%;, (NH)HRO 37%; KHPQ 0J;
MgS0,.7H,O 0.05%; yeast extract 0.15% m 50 ml of
deionized water in a 250 ml erlenmeyer flask. The medium
was autoclaved at 115°C for 30 min. After inoculation, the
flask was incubated on a rotary shaker at different
temperature and 200 rpm Ongen-Baysal et al. (1994).

Enzyme preparation: The mycelia was collected by
filtration using Whatman No. 1 filter paper from
production medium. The culture filtrate was centrifuged at
4000 x g for 10 min. (Hettich Zentrifugen EBA 21). The
supernatants were used as the crude enzyme throughout
the experiments for the enzyme assays (Xiao et al., 1988,
Nguyen et al., 1999).
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Enzyme assay: Inulinase activity: Enzyme solution (0.1 m1)
was mixed with 0.1% inulin (1 ml} in 0.1 M sodium acetate
buffer pH 5.0 and then the mixture was incubated at 35°C
for 15 min. As a result of reaction, reducing sugar was
determined by the 3, 5 dinitrosalisilic acid method. Miller
(1959). One unit mulinase activity was defined as
micromole of fructose produced per minute by 1 ml of
enzyme solution at 35°C and pH 5.0.

Invertase activity: The reaction mixture contained 0.1 ml
of enzyme solution and 1 ml of 0.1% sucrose in 0.1 M
sodium acetate buffer pH 5.0. The reaction conditions
were the same as those described for the assay of
inulinase activity. One unit of invertase activity was
defined micromole of reducing sugar produced per minute
by 1 ml of enzyme solution at 35°C and pH: 5.0.

Estimation of dry mycelia weight: Samples collected from
production medium were dried for 24 h in a drying oven at
80°C,

Results and Discussion

Determination of inulinase-producing R. selani: R.
solani was grown on screening medium, containing
Jerusalem artichoke powder as the sole carbon source.
This result showed that R. solani was the mulinase
producer.

Culture condition for inulinase production

Effect of cultivation time: As shown in Table 1, the
maximum 1/S ratio (I75 .. © 6.4) was found on the 2nd day
of cultivation period at 30°C and pH: 5.0. This period was
determined as 72 h for Penicillium sp. according to
Derycke and Vandamme (1984). Also this period was
defined 40 h (I/S: 1.46) for Penicillium rugulosum,
Barthomeuf et al. (1991), seven days at 27°C for
Chrysosporium pannorum, Xiao et al. (1988) and 24 h for
Kluyeromyces marxianus, Parekh and Margaritis (1985).

Effect of initial pH of the medium: The effect of medium
mitial pH was mvestigated at growth temperatures 30°C.
Meximum I/Sratio (I/S . 17.7) was observed at mutial pH:
6.0 (Table 2). Sunilar results were explained in the previous
studies; K. marxianus pH 5.6, Rouwenhorst ef af. (1990)
C. pannorum pH: 4.5-5.5, Xiao et al. (1988) for Bacillus sp.
pH: 7.0-8.5, Allais et al. (1986), for 4. globiformus pH: 7.0,
Haraguchi et al. (1990) for P. rugulosum pH: 5.0-6.0,
Barthomeuf et ol (1991) and F. oxysporium pH: 5.5,
Gupta et al. (1990). Generally, it was observed that the
fungi preferred pH: 5.0-6.0 for inulinase production.

Table 1: Effect of cultivation time on inulinase production by R. solani

Mycelial weight Inulinase Invertase
Days o dry wt 50 mI™! (I Uml™! (8) Uml™! /'S
1 0.40 0.784 0.056 14.00
2 0.41 1.792 0.280 6.40
3 0.60 1.791 0.952 1.88
4 0.65 1.344 1.120 1.19
Table 2: Effect of initial pH on inulinase production by R.solani

Mycelial weight  Inulinase Invertase

InitialpH  gdry wt 50ml~! (D) Uml™! (8) Uml™! s
4 0.40 2.912 0.784 3.70
5 0.41 1.383 0.112 12.30
3] 0.38 0.996 0.056 17.70
7 0.36 0.739 0.054 13.68

Table 3: Effect of temperature on inulinase production by R. solani

Temperature My celial weight Tnulinase Tnvertase

[&(®)] g dry wt 50 ml™! () Umnl ! (S) Unl™! s
25 0.41 2.03 0.364 5.57
30 0.40 1.49 0.110 14.08
35 0.63 1.37 0.0987 13.80
40 1.01 2.37 0.140 16.92
45 1.52 1.39 0.16 8.68

Table 4: Effects of carbon source on inulinase production by R solani

Tnulinase Tnvertase

Carbon source () Umnl™! () Unl! IS
Tralin (1%6) 1.932 0.367 5.264
Inulin (3%0) 3.02 0.925 3264
Jerusalem artichoke (1%) 1.328 0112 11.857
Jerusalern artichoke (3%6) 2.878 0.227 12.670
Soluble starch (1%) 0.084 0.082 1.024
Cellulose (1%) 0.086 0.00 -
Pectin (1%6) 0.097 0.094 1.031
Maltose (190) 0.060 0.00 -
Sucrose (1%) 0.27 0.230 1.173
Fructose (1%0) 0.012 0.00 -

Table 5: Effect of nitrogen source on inulinase production by R. solani

Mycelial

Inulinase Invertase Weight g dry

Nitrogen source (mM) MUmI () Uml™! T/8 wt 50 ml~!
Control * 2778 0.181 15.340 0.43
NILH,PO,(0.1) 1.691 0.150 11.270 0.38
NHH, PO, (0.05) 2.657 0.190 13.980 0.50
NILNO;(0.1) 2416 0.210 11.500 042
NHMNO; (0.05) 2174 0.170 12.780 0.43
(NH,),HPO, (0.1) 2205 0.252 9107 0.78
(NEL),HPO, (0.05) 253 0.241 10.520 0.80
(NH,),804(0.1) 1208 0.205 5.890 071
(NH,),80,(0.05) 2986 0.220 13.570 0.76
NELCI (0.1) 1.208 0.150 6.053 0.50
WHLCI (0.05) 1.449 0.110 13.170 0.53
NHH,PO,+ NHNO, (0.05 3.820 0187 20.420 0.92
(NH,); SO, +NH,H,PO,(0.05)  3.610 0.193 18.700 0.89
NHH,PO, fNH,Cl (0.05)  3.047 0176 17.310 0.82

#0.004 M NH,HPO,+ 0.002 M NHLNO;

Effect of cultivation temperature: Enzyme production at
different incubation temperatures was investigated at an
iitial media pH: 6.0. The highest I/S ratio (I/S ; 16.92)
was measured at 40°C (Table 3). Tt was reported that the
optimal temperature for 1nulinase production for
Xanthomonas sp. was 30 to 45°C, for Pseudomonas sp.
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was 42°C, Park and Yun (2001); for Pericilliven sp. was 30-
33°C, Derycke and Vandamme (1984), for K. marxianus
was 35°C | Rouwenhorst et al. (1990).

Effect of carbon sources: In order to establish the effect
of carbon source on production of the enzyme, R. solani
was grown in media containing various carbon sources
and n medium without a main carbon source. The effect
of different carbon source on enzyme production is
shown in Table 4. The best mulinase production was
observed in the presence of inulin (1%) and Jerusalem
artichoke powder (3%). Very low activity was observed in
media containing soluble starch, pectin and sucrose. This
medium’s mycelia weights were no detectable. R. solani
inulinase appeared to be an inducible enzyme. Similar
result had been reported for C. pannarum inulinase, Xiao
etal. (198%).

Effect of nitrogen sources: The influence of inorganic
nitrogen source on inulinase production was mvestigated.
The inorganic nitrogen source, NH,H,PO, (0.004 M) and
NH,NO, (0.002 M), in the preduction medium (original
medium) were replaced by each of NH,H,PO,, NH,NO,,
(NH,),HPO,, (NH,),30, and NH,C] at concentrations of
0.05 and 0.1 M. The highest activity was detected in
original medium (I/S: 15.34). Very high activity was also
observed in media containing (NH,),HPO, 0.05 M, (I/S:
10.52), (Table 5). Each of mtrogen source i concentration
0.1 M had no stimulant effect. The effects of inorganic
nitrogen sources were investigated on imulinase
production when they were used in combination. The
combined mtrogen source had higher mulinase yields
when added individually in the medium (Table 5). Tt was
reported that each fungal species had preference for a
specific nitrogen sowrce for optimum production of
mulinase, Kochhar ef al. (1997).
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