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Abstract

Isolation and screening of fungal hetero-culture for the production of xylanase were dealt with. The
fungal strains were isolated from different soil samples and subjected to primary and secondary screening for
xylanase production. The hetero-culture LCWU-31consists of Aspergillus niger and Aspergillus flavus which
showed highest xylanlolytic potential. Six different fermentation media were screened and M, medium
containing wheat bran was designated as an optimized medium. Different physico-chemical parameters
including rate of fermentation, incubation temperature, pH, moisture content, size of inoculum were studied.
The optimum xylanase production was obtained at 96 hrs, 30°C, pH 6 and 40% moisture content with 2 ml of
inoculum. The 2% glucose and 0.075% of NaNOs act as best carbon and nitrogen source, respectively. The
maximal xylanase production was obtained in the presence of CaCl,.The novelty of this study was the use of
synergistic phenomena of fungi by the use of hetero-culture technique for the enhanced production of
xylanase.

Introduction

Xylanases (EC 3.2.1.8) belonging to hydrolytic group are extracellular enzymes and can be
produced by a number of microorganisms. It hydrolyses xylan and produces xylose which is a
prime carbon source. Xylan is the most important and major portion of the hemicellulose in the
plant cell wall. They are long hetero-polymers, in which f-D-xylopyranosyl units join together to
form 1 - 4 glycosidic linkages. They mainly consist of xylose and arabinose. Xylanase breaks the
B-1,4 bond present in xylan (Collins et al. 2005). Xylanase has enormous biotechnological
applications. Most commonly in animal nutrition, bio bleaching, papermaking, textile industry,
pharmaceutical industries, bread making and in clarification of fruit juices (Kulkarni et al. 1999,
Guimaraes et al. 2013). Xylanase can be derived from various microorganisms like fungi and
bacteria (Knob et al. 2014). However, xylanase produced by fungi is preferred over the bacterial
xylanase because bacterial xylanase are not subjected to post translational modifications like
glycosylation, which is an important process that protects protein proteolysis, affects the stability
of protein confirmation, and improves protein stability (Polizeli et al. 2005). The biosynthesis of
xylanase can be carried out either by solid state fermentation (SSF) or submerged fermentation
(SmF). However, SSF is preferred over SmF because of its simple technique, more stable product,
low investment, higher productivity and reduced energy requirements (Pandey et al. 1999). For
the efficient production of xylanase it is very important to choose the ideal substrate because the
outcome of fermentation highly varies for each substrate. Different agricultural products including
wheat bran, sugarcane bagasse, cotton hull, rice husk, corn cob, corn meal, saw dust, oat straw,
gram husk have been used. Among these wheat bran proved to be best and economical substrate
for fungal xylanase production (Ahmad et al. 2009). The hetero culturing of microorganisms can
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improve production levels of biological metabolites such as enzymes. As compared to
monocultures, hetero cultures of fungi may lead to improved productivity, better substrate
utilization, increased adaptability to changing conditions and increased resistance to
contamination. Nutritional limitations may be overcome in synergetic interactions between
compatible partners (Ahmed et al. 2008).

Materials and Methods

The fungal strains were isolated from the different soil samples collected from the different
areas of Punjab. Isolation of fungal strains was made using serial dilution method (Clark et al.
1958). Xylan agar plates were used for primary screening. The fungal colony showing bigger
xylan hydrolysis zones were collected. Compatibility of all the collected strains was tested. The
strains showing compatibility with each other were screened for xylanase production employing
solid state fermentation. Conidial inoculum was prepared by adding 10 ml of sterilized saline
water in each slant containing 3-4 days old fungal culture and mixed thoroughly for preparing
uniform suspension with the help of inoculating loop. The 0.5 ml of inoculum from both slants
was transferred in 250 ml Erlenmeyer flasks containing sterilized solid substrate moistened with
mineral salt medium. All the flasks were incubated at 30°C for 72 hrs. After incubation, 100 ml of
distilled water was added in the fermented bran and placed in an incubator shaker. After
incubation the content of flasks was filtered. The filtrate was used for the estimation of xylanase.
Different fermentation media were screened for xylanase production include g/1

M;: 10 g of sugar cane bagasse and 15 ml of Mandel’s Medium (g/l) containing Urea, 0.3;
peptone, 0.75; yeast extract, 0.25; (NH4),SO4, 1.4; KH,PO,, 2.0; CaCl,, 0.3; MgS0,.7H,0, 0.3
and trace elements (mg/l): FeSO,4.7H,0, 5; MnS0,.4H,0, 1.6; ZnS0,4.7H,0, 1.4 and CoCl,.6H,0,
20.0.

M,: Wheat bran, 10 g; 10 ml trace element solution contained (g/1); FeSO,, 0.05;
ZnS0,47H,0, 0.014; CoCl,, 0.02 and MnSQy,, 0.016.

Mjs: Rice Bran, 5 g; Nutrient salt solution (15 ml) containing g/l 1.5 KH,PO,, 4.0 NH,Cl, 0.5
MgS0,.7H,0, 0.5 KCl, 1.0 Yeast extract with 0.04 ml/l trace elements having pg/l 200
FCSO4.7H20, 180 ZHSO47H20 and 20 MHSO4.

M,: Corncob, 10.0 g; Mandel’s medium, 15 ml containing Urea, 0.3; peptone, 0.75; yeast
extract, 0.25; (NH4),SO,4, 1.4; KH,PO,, 2.0; CaCl,, 0.3; MgS0,.7H,0, 0.3 and trace elements
(mg/1): FeS0,4.7H,0, 5; MnSO,4.4H,0, 1.6; ZnSO,.7H,0, 1.4 and CoCl,.6H,0, 20.0.

Ms: 10 g of Wheat straw, Mandels and Stenburg’s Basal Medium containing (g/1) 10.0 g;
Urea, 0.3; peptone, 0.75; yeast extract, 0.25; (NHy),SO, 1.4; KH,PO,, 2.0 CaCl,, 0.3;
MgS0,4.7H,0, 0.3 and trace eclements (mg/l): FeSO4.7H,O, 5; MnSO,4H,0, 1.6;
ZnS0,4.7H,0,1.4; CoCl,.6H,0 and Tween 80, 0.1%.

Me:Saw dust; 5.0 g and Mandels and Sternburg’s basal (MS) medium adjusted to 1:5
(substrate: medium, w/v) containing peptone, 1 g/l; Tween 80, 0.1% (v/v); (NH4)2 SOy, 1.4;
KH,PO,, 2.0; Urea, 0.3; CaCl,, 0.3; MgSO,4 7H,0, 0.3; trace elements (mg/l): FeSO, 7H,0, 5.0;
MnSO, H,0, 1.6; ZnSO, 7H,0, 1.4 and CoCl,, 2.0.

The estimation of xylanase activity was carried out according to Ahmad et al. (2009). The
enzyme activity was determined by taking 1mL of enzyme along with 1.0mL of xylan (0.6%).The
enzyme substrate complex was incubated at 30°C for 30 min. The reducing sugar was estimated at
546 nm by using the DNS method (Miller 1959). One unit of enzyme activity was defined as the
“amount of enzyme that releases one mg of reducing sugar from 1% xylan equivalent to 1mg of
xylose under standard assay conditions”. Total protein was estimated according to the Bradford
(1976). All the experimental data were subjected to statistical analysis. Post hoc multiple
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comparison tests were applied under one way ANOVA. The significance has been presented at
p <0.05 by using SPSS (16.0).

Results and Discussion

The isolation and selection of appropriate fungal hetero-culture are paramount for successful
and economic production of xylanase. In addition to this, optimization of effective parameters
equally plays an important role for successful biosynthesis of xylanase. In the present study,
different filamentous fungal strains were isolated from the soil samples collected from different
localities of Pakistan by using serial dilution method (Clark et al. 1958). After testing the
compatibility of each strain, 45 compatible fungal hetero-cultures were screened for xylanase
production by employing solid state fermentation (data not shown). The hetero-culture LCWU-31
gave maximum xylanase production (139 U/ml). This hetero-culture identified according to Mazza
et al. (1997) consists of Aspergillus niger and Aspergillus flavus. Results revealed that hetero-
culturing of fungal strains is more effective as the fungal strains act synergistically and substrate
shows colonization thus become accountable for improving the enzyme activity.

It is very important to select a suitable fermentation medium that must be economical and
have better capability for enzyme production. Therefore, six different media were tested (Fig. 1a).
Among them M, gave maximal enzymatic activity. It might be due to the presence of minute
quantities of trace elements in the medium that allow the fungal strains to grow and enhance the
production in a natural environment and thus it is very economical too (Isil and Nilufer 2005).
Various concentrations of selected substrate wheat bran (5 - 30 g) were tested. The 25 g of wheat
bran produced maximum xylanase (Fig. 1b). Further increase or decrease from 25 g resulted
decline in enzyme production. The reason might be that lower wheat bran concentrations had less
availability of nutrients for the growth of fungal hetero-culture as well as enzyme production.
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Fig 1. (a) Screening of fermentation media for the biosynthesis of xylanase by fungal hetero-culture,
(b) Influence of different concentration of substrate on the biosynthesis of xylanase by fungal hetero-
culture, (c) Effect of rate of fermentation on the biosynthesis of xylanase by fungal hetero-culture and
(d) Effect of moisture content on the biosynthesis of xylanase by fungal hetero-culture.
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While high concentrations of substrate (30 g) were not supportive because of poor availability
of oxygen (Ahmed 2009). The time of incubation plays a key role for significant production of
xylanase. In the current study xylanase productivity show increasing trend up to 96 hrs (Fig. 1c).
A further increase in the incubation period resulted decline in output of enzyme. Numerous factors
might be responsible for this reduction like nutrient deficiency, formation of by products that
inhibits the growth of fungi and secretion of enzyme. Kavya and Padmavathi (2009) optimized the
xylanase production in 144 hours of incubation. These results are in contrast of the present work.
This shows that present work is more significant than previous reported work because it is more
economical to reduce the time. In the present study influence of varying moisture contents (20 -
60%) on the biosynthesis of xylanase was observed (Fig. 1d). The 40% moisture content was
observed to be optimum. Any rise or fall in moisture contents resulted decline in xylanase
production. Perhaps it might be due to the more moisture content caused fall in the production of
enzyme because of difficult growth of producer strain. It caused particles to stay together, thus
interfering critically the oxygen diffusion in the substrate (Gendy and Bondkly 2014). Lesser
moisture content resulted in decrease of nutrients solubility of the substrate, low level of swelling
and high water tension (Moat et al. 2002). Different temperature 20 - 70°C were studied (Fig. 2a).
The maximal xylanase production was recorded at 30°C. At higher temperature decrease in
xylanase production occurred. The reason might be that higher temperature caused evaporation of
moisture contents of substrate resulting inhibition or slow down the growth of fungi and in turn
enzyme production (Sanghvi et al. 2010). In current research, influence of varying pH (3 - 8) was
analyzed (Fig. 2b). The maximal enzyme production was recorded at pH 6. Any rise and fall in
pH resulted
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Fig 2. (a) Effect of temperature on the biosynthesis of xylanase by fungal hetero-culture, (b) impact of pH
on the biosynthesis of xylanase by fungal hetero-culture, (c) effect of different size of inoculum on the
biosynthesis of xylanase by fungal hetero-culture and (d) Influence of different carbon sources on the
biosynthesis of xylanase by fungal hetero-culture.

reduction in xylanase production. Probably this might be due to the reason that fungi require
acidic pH for growth, also enzymes are very sensitive to pH and any alteration in H' ions
concentration extremely affects the enzyme production (Chidi 2008). Size of inoculum is one of
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dynamic factor among physical factors. In the present study influence of various inoculum sizes (1
- 6 ml) was studied. The 2 ml of inoculum size was optimum for enzyme production (Fig. 2c¢).
Increase in inoculum size caused fall in xylanase production. The reason might be that greater
inoculum size provides greater amount of water content which eventually dropped the growth of
fungi and also production of xylanase (Sharma et al. 1996). Below 2 ml a decline in enzyme
production was also noted. It might be due to reason that lesser amount of inoculum formed
slower growth of fungi which took a greater period to grow in an optimum quantity in consuming
substrate and produced the desirable product (Kashyap et al. 2002).
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Fig. 3. (a) Effect of different concentration of glucose on the biosynthesis of xylanase by fungal hetero-
culture, (b) impact of different nitrogen sources on the biosynthesis of xylanase by fungal hetero-culture,
(c) influence of different concentrations of NaNO; on the biosynthesis of xylanase by fungal hetero-
culture, (d) effect of different metal ions on the biosynthesis of xylanase by fungal hetero-culture and (¢)
impact of different concentration of CaCl, on the biosynthesis of xylanase by fungal hetero-culture

In the present study, various carbon sources and their effect were examined. The carbon
sources as a supplement used were sucrose, maltose, fructose, glucose, xylose and lactose.
Glucose provided the best supplementation and gave the maximum production (Figs 2d and 3a) at
2%. Addition of glucose enhances the level of xylanase production. Glucose can be easily
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metabolized and thus may be used as a sole carbon source. Addition of 2% glucose was also
supported by Bakri et al. (2003). Different nitrogen sources including urea, yeast extract, peptone,
sodium nitrate, potassium nitrate and ammonium nitrate were analyzed for xylanase production.
Sodium nitrate at the concentration of 0.075% proved to be the best nitrogen source (Figs 3b, c).
The fungi were isolated from soil where the inorganic nitrogen sources are easily available as
compared to organic nitrogen sources. Therefore NaNO; gave the more enzyme activity. Above
0.075% of NaNOs decline in enzyme production was noted, probably it was due to the reason that
higher concentrations of free nitrogen sources produce toxicity. The present results are in
accordance with the results of Kheng and Omar (2005) who had reported the same concentration
of NaNOj metal ions perform a key role in the production of xylanase. A number of metal ions
like CoCl,, ZnSO,, FeSO,, CaCl,, MgSO,, MnSO, and KCI were screened for the enzyme
production with the concentration of (0.1%). Out of all, CaCl, was found to be best for maximal
xylanase production (Figs 3d, e). The reason might be that Ca™ acts as an activator for xylanase
production (Murugan 2011).
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