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CHAPTER l 

 

INTRODUCTION 

 

Enzymes are distinct biological polymers that catalyze the chemical reactions and 

convert substrates to particular products. They are specific in function and speed up 

reactions by providing alternative pathways of lower activation energy without being 

consumed. These are the fundamental elements for biochemical processes and utilized in 

a number of food processing industries (Haq et al., 2006). The manipulation of 

biotechnological techniques have played an important role in the recent advances 

occurred in baking industry. Thailand is an agricultural country; resultantly agro-

industrial wastes and by-products are in abundance here. Rice bran wheat bran, corn 

cobs, sugar cane bagasse, etc. are some of the prominent waste materials from the allied 

food and energy industries. These waste materials, if not handled properly, certainly are 

source of environmental pollution. Producers and stack holders are taking interest to 

utilize even a bit of resources to cope with the economic cost of finished products. The 

processing units generating agro-waste materials/by-products are struggling hard for their 

conversion into value added products. The agricultural waste materials if manipulated 

properly can play a significant role in the economic uplift of a state. There is an 

increasing gist to utilize such neglected materials in the production of enzymes which can 

be employed further processing (Mohammadi et al., 2006; Okafor et al., 2007). 

Xylan is the second most abundant biopolymer after cellulose and the major 

hemicellulosic polysaccharide found in the plant cell wall (Timell, 1967). It has a 

complex structure consisting of β-1,4-linked xylose residues in the backbone to which 

short side chains of O-acetyl, α-L-arabinofuranosyl, D-α-glucuronic and phenolic acid 

residues are attached (Coughlan and Hazlewood, 1993). This biopolymer constitutes one 

third of all renewable organic carbon sources on earth (Poorna and Prema, 2007). 

Considerable amount of xylan was found in solid agricultural and agro-industrial 

residues, as well as in effluents released during wood processing, which, due to frequent 

inappropriate discard, cause great damage to the ecosystem (Biely, 1985; Prade, 1995). 

Hydrolysis of xylan was an important step towards the proper utilization of 



lignocellulosic material in nature (Poorna and Prema, 2007). Chemical hydrolysis of 

lignocelluloses results in harzardous byproducts, forcing the use of microbial enzymes 

which were specific in action for xylan hydrolysis, and are an environmentally friendly 

option (Biely, 1985). Due to structural heterogeneity of xylan, complete degradation of 

this biopolymer requires synergistic action of different xylanolytic enzymes such as 

endo-xylanase, β-xylosidase, α-glucuronidase, α-arabinofuranosidase and esterase 

(Poorna and Prema, 2007). Among these, one of the most important was endo-1,4-β-

xylanase (1,4-β-D-xylan xylohydrolase, EC 3.2.1.8), which is also known as xylanase 

and it initiates the degradation of xylan into xylose and xylooligosaccharides of different 

sizes (Collin et al., 2005).  

There were different types of xylanases which varying in substrate specificities, 

primary sequences, folds and physicochemical properties (Wong et al., 1988; Collins et 

al., 2005). These were produced by a number of bacteria and fungi (Kulkarni et al., 1999; 

Subramaniyan and Prema, 2002). Filamentous fungi have been reported to be interesting 

and good producers of xylanases from industrial point of view due to extracellular release 

of the enzymes, higher yield compared to yeast and bacteria and also the production of 

several auxiliary enzymes that are necessary for debranching of substituted xylans 

(Haltrich et al., 1996). However, fungal xylanases were generally associated with 

concurrent production of cellulases (Steiner et al., 1987). Traditionally, the application of 

xylanases in conjunction with cellulocytic enzymes has been mainly considered for the 

bioconversion of lignocellulosic materials, especially residues and wastes produced by 

agriculture and forestry to produce highervalue products such as ethanol fuel and other 

chemicals (Biely, 1985; Mandels, 1985). Other potential applications of crude xylanase 

preparations containing cellulases, β-glucanases, or pectinases include bread making, 

fruit juice extraction, beverage preparation, increasing digestibility of animal feed, 

converting lignocellulosic substances to feedstock and fiber separation (Beg et al., 2001; 

Subramaniyan and Prema, 2002), paper and pulp industries (Bajpai, 1997; Kenealy and 

Jeffries, 2003). However, in the paper and pulp industry, cellulase-free xylanases are 

required to avoid adverse effects of damaging the pulp fibres (Haltrich et al., 1996). 

Moreover, specific xylanases could be used in the prebleaching of craft pulps in order to 

reduce the amount of chlorine required to achieve target brightness (Viikari et al., 1994) 
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and consequently reduce the chloroorganics released in the effluent (Christakopoulos et 

al., 1996). Cellulase-free xylanases or xylanases containing negligible cellulose activity 

could be obtained by using suitable separation methods or using genetically engineered 

organisms to produce exclusively xylanase or by applying screening methods and 

selection of appropriate growth conditions (Balakrishnan et al., 1992).  

Characterization of xylanolytic enzymes was important for their biotechnological 

applications. The cost of the enzyme was one of the main factors determining the 

economics of a process and this can be partially achieved by optimizing fermentation 

media (Shah and Madamwar, 2005). Several industrial processes coud be carried out 

using whole cells as sources of enzymes, but efficiency can be improved by using 

isolated and purified enzymes. Criteria for selection of a particular method of isolation 

and purification depend on the end use. A high state of purity is generally not required in 

food processing, detergent as well as paper and pulp industries, but it may be necessary to 

exclude certain contaminating enzymes (Price and Stevens, 1999). Recently, interest in 

microbial xylanases had been markedly increased due to their potential in 

biotechnological applications and attempts were being made to isolate new strains (Lee-

Chiang et al., 2006; Schmeisser et al., 2007). 

Endophyte was a term that describes as an organism living within a plant 

(Hawksworth et al., 1995). However, the actual meanings vary depending on researchers 

and had not been unified yet (Hawksworth et al., 1995). Although the existence of 

endophytes had been known for a long time (Lewis, 1924), many endophytic fungi had 

been isolated and studied only in the last two decades (Findlay et al., 1995; Hata and 

Futai, 1995; Hata and Futai, 1996; Koga et al., 1996; Hata et al., 1998). An endophyte 

was reported to produce some substances harmful to predators of the host plant (Bacon et 

al., 1977; Clay, 1989). Recently, Acremonium sp. isolated from Taxus baccata was found 

to produce leucinostatin A, which was active against breast cancer (Strobel, 1997). Some 

of the endophytes were also known to be producers of bioactive compounds (Findlay et 

al., 1995; Findlay et al., 1997; Ju et al., 1998; Lu et al., 2000; Rodrigues et al., 2000). 

However, very few microorganisms living in plants, e.g., the ericoid mycorrhizal fungus 

Hymenoscyphus ericae producing β-1,4-endoxylanase (Burkeand Cairney, 1997), were 
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reported to be xylanase producers even if one of the major components of the plant cell 

wall is xylan.  

In this study, we focus on the inside part of plants as a new source for isolating 

microorganisms producing xylanase and describe the purification and characterization of 

a xylanase from endophytic fungi. 
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CHAPTER II 

 

LITERATURE REVIEWS 

 

2.1 Xylans: an overview 

Xylan was the major type of hemicellulose and its hydrolysis depends on two 

classes of enzymes. The Endoxylanases (EC 3.2.1.8) cleave the xylan backbone into 

smaller parts like oligosaccharides that are further degraded to xylose by xylosidases (EC 

3.2.1.37). During the last few decades, great interest had been developed in xylan and its 

hydrolytic enzymatic complex, for application in bread production, supplement in animal 

feed, preparation of drinks, textiles, bleaching of cellulose pulp, ethanol and xylitol 

production. Xylan was the second most abundant polysaccharide and major component in 

plant cell wall that consists of -1,4-linked xylopyranosyl residues (Puls, 1997). The 

structure of xylans found in cell walls of plants can differ greatly depending on their 

origin and different structures attached to the xylan backbone. Although most of the 

xylans had branched structures, however some linear polysaccharides have been isolated 

(De Vries and Visser, 2001). Lignin is bound to xylans by an ester linkage to 4-O-

methyl-D-glucuronic acid residues. These linkages in lignocellulose could be disrupted 

by using various pretreatment methods that expose most of the polysaccharide 

components to enzymatic hydrolysis (Chang et al., 1981). Selective hydrolysis of xylan 

has been observed when purified (Paice and Jurasek, 1984) and crude enzyme was 

applied in which cellulases were inhibited (Mora et al., 1986).  

In all of these cases, complete removal of the xylosyl residues from the fibers was 

not achieved. The residual xylosyl residues might be inaccessible to xylanolytic enzymes 

due to the presence of substituents; modification of fiber synthesis and occurrence of 

xylans enclosed by other polysaccharides. There were some suggestion that cellulose was 

protected from cellulases due to xylan and mannan (Sinner et al., 1979). When xylan or 

mannan was selectively removed from delignified fiber, the residual cellulose becomes 

accessible to cellulase hydrolysis. However, a similar prehydrolysis of cellulose or 

mannan did not improve accessibility of xylan to xylanases. Selective removal of xylans 

increases accessibility of other polysaccharides due to increased fiber porosity that is 



positively correlated with cellulose hydrolysis in pretreated fibers (Grethlein, 1985; 

Wong et al., 1988). 

In cereals, arabinoxylans are among the major non-starch polysaccharides. They 

constitute 4-8% of barley kernel and represent 25 and 70% of the cell wall 

polysaccharides of endosperm and aleurone layer, respectively. The arabinoxylans are 

partly water-soluble and result in highly viscous aqueous solution (Dervilly-Pinel et al., 

2001). Cereal xylans contain large quantities of Larabinose and therefore, often referred 

as arabinoxylans whereas, hardwood xylans are often referred to as glucuronoxylans due 

to large amount of D-glucoronic acid attached to the backbone. Arabinose is connected to 

the backbone of xylan via -1,2 or -1,3 linkage either as single residues or as short side 

chains. The side chains also contain xylose -1,2-linked to arabinose, and galactose, 

which can be either -1,5-linked to arabinose or -1,4-linked to xylose (De Vries and 

Visser, 2001). 

2.2 Xylanases  

Xylanases are genetically single chain glycoproteins, ranging from 6-80 kDa, 

active between pH 4.5-6.5, at 40-60 °C. Xylanases from different sources differ in their 

requirements for temperature, pH etc. for optimum functioning. The complete enzymatic 

hydrolysis of xylan into its constituent monosaccharides requires the synergistic action of 

a group of xylanolytic enzymes. This is due to the fact that xylans from different sources 

exhibit a significant variation in composition and structure (Hazlewood and Gilbert, 

1993; Cesar and Mrsa, 1996; Latif et al., 2006). The most important enzyme is endo-1,4-

xylanase (EC 3.2.1.8) that initiates the conversion of xylan into xylooligosaccharides. 

Xylosidase, debranching enzymes (L-arabinofuranosidase and glucuronidase) and 

esterases (acetyl xylan esterase, feruloyl esterase) allow the complete degradation of the 

xylooligosaccharides to their monomeric constituents, shown in Figure 2.1 (Jeffries, 

1996; Biely et al., 1997; Subramaniyan and Prema, 1998). The heterogeneity and 

complexity of xylan has resulted in an abundance of diverse xylanases with varying 

specificities, primary sequences and structures. Wong et al. (1988) classified xylanases 

into two groups on the basis of their physicochemical properties: (i) having low 

molecular mass (<30 kDa) and basic pI, and (ii) having high molecular mass (>30 kDa) 

and acidic pI. However, many xylanases, in particular fungal xylanases, cannot be 
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classified by this system. A more complete classification system had been introduced 

which allows the classification of not only xylanases, but also of glycosidases in general. 

This system was now become the standard means for the classification of these enzymes. 

It is based on primary structure comparison of the catalytic domains only and classifies 

the enzymes in families of related sequences (Henrissat and Coutinho, 2001). Different 

enzymes might be more effective in the hydrolysis of xylobiose, substituted xylo-

oligosaccharides, xylosyl substituents or oligosaccharides containing xylosyl and other 

residues. The different forms may also had varying abilities to interact with xylanases in 

xylan hydrolysis (Reilly, 1981). Three apparent xylosidases had been classified as 

“exoxylanases” because they have detectable activity on xylan. Two of these enzymes 

apparently lack transferase activity and one enzyme causes configuration inversion 

(initially yield -Dxylose during hydrolysis), which was the characteristic used to 

distinguish between -glucosidases and exoglucanases (Reilly, 1981; Eriksson and 

Wood, 1985).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1 (A) Xylanolytic enzymes hydrolyzing the backbone of xylans. (B) -D-

xylosidases convert xylo-oligosaccharide into xylose monomers. 
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Furthermore, an exoglucanase from Trichoderma viride had been shown to attack 

xylan in an endwise fashion to initially yield xylobiose. Exoxylanases increase the rate of 

xylan hydrolysis by attacking large xylo-oligosaccharides, that were released by 

endoxylanases and were ineffectively hydrolyzed by -xylosidases. This form of 

cooperation would not be expected to increase the extent of hydrolysis unless other 

factors are involved e.g. accessibility of xylosidic linkages in short and/or branched xylo-

oligosaccharides, reduction of product inhibitions, or amounts of extracellular  -

xylosidases (Shikata and Nisizawa, 1975). Xylans were usually cleaved at unsubstituted 

regions to yield mixtures of unsubstituted xylo-oligomers, as well as short and long chain 

substituted xylooligomers. Removal of the substituents groups by auxiliary enzymes 

creates new substrates for endoxylanase (EC 3.2.1.8) action (Si, 1997; Maheshwari et al., 

2000). 

2.3 Xylanase production 

The various biotechnological techniques like submerged and solid state 

fermentation were employed for xylanase biosynthesis (Cai et al., 1998; Gawande and 

Kamat, 1999; Kansoh and Gammel, 2001). The submerged fermentation was the most 

beneficial as compared to other techniques due to more nutrients availability, sufficient 

oxygen supply and less time required for the fermentation (Hoq et al., 1994; Gomes et 

al., 1994; Veluz et al., 1999; Bim and Franco, 2000; Gouda, 2000). The production of 

microbial xylanases was preferred over plant and animal sources because of their 

availability, structural stability and easy genetic manipulation (Bilgrami and Pandy, 

1992).  

Over the years, a number of organisms including the strains of Penicillium spp 

(Fadel and Fouda, 1993; Gasper et al., 1997), Trichoderma reesei (Liu et al., 1999), 

Aspergillus nidulans (Pinaga et al., 1994; Ganga et al., 1998), Aspergillus kawachii (Ito 

et al., 2000), Streptomyces (Patel et al., 1994; Kansoh and Gammel, 2001) and Bacilus 

pumilus (Rashid, 1999) were being manipulted for xylanase biosynthesis. However, A. 

niger is described as the most potent organism for xylanase biosynthesis (Wang et al., 

1998; Chen et al., 1999; Wu et al., 2000; Haq et al., 2002b). Aspergillus niger has been 

investigated for xylanase synthesis and Gawande and Kamat (1999) reported maximum 

xylanase activity (26.7 IU/ml) after 48 hours of incubation whereas, Chen et al. (1999) 
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reported maximum enzyme recovery (357.2 U/ml) at 28-32 °C after 60 hrs of incubation. 

Palma et al. (1996) and Kohli et al. (2001) observed maximum enzyme production after 

96 hrs. However, in another study conducted by Ismail (1996), Aspergillus niger Α-20 

produced highly active enzyme system in shake flask culture when the fermentation was 

carried out for 5 days. 

Agricultural waste materials/by products like wheat bran, corn cobs, sugar cane 

bagasse , rice husk, rice straw and oat straw have been used by many scientists for 

xylanase synthesis (Siedenberg et al., 1998; Christov et al., 1999; Gawande and Kamat, 

1999; Haq et al., 2002a). When sugarcane bagasse was used as the subsratse for the crude 

enzyme production of highest yields of (0.26 g/g) reducing sugar (Sawarachorn, 1999). 

During the investigations on biosynthesis of xylanase from Aspergillus niger using pure 

xylan polymer, wheat bran, sugar cane bagasse and rice straw, it was observed that wheat 

bran gave maximum activity of xylanase as compared to other substrates (Ferriera et al., 

1999; Park et al., 2002; Haq et al., 2002a). Grajek and Gervais, (1987) produced D-

xylanase by thermophillic fungi using different culture methods. Seven strains of fungi 

were examined for their ability to produce xylanase in liquid and solid state fermentation. 

It was found that the best organisms for xylanase synthesis were Humicola lanuginosa 

and Sporotrichum thermophile. 

Mutant strains of Aspergillus niger NCIM 1207 when tested for xylanase, 

CMCase and -glucosidase production, it secreted low levels of all enzymes in the 

culture broth. However, mutants UV-10 and UVIII-39 showed almost two times 

enhanced productivity of xylanase over the wild strain in shake flask culture (Gokhale et 

al., 1988). Biswas et al. (1990) produced xylanase from Aspergillus ochraceus 

employing both fermentation methods i.e. liquid broth and solid state fermentation. The 

enzyme was purified by using ammonium sulphate precipitation and gel filtration. The 

optimum pH for the enzyme activity was found to be 6.0. Chen et al. (1990) screened a 

strain of Aspergillus niger C-2 from the soil and treated with UV and EMS to obtain 

mutant colonies and the conditions for submerged fermentation were studied. The 

produced enzyme had weak thermalstability and when incubated at 55 °C for one hour, it 

lost 60% of its stability. 
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Higher levels of xylanase and -glucosidase had been obtained when Aspergillus 

niger NCIM 1207 was cultivated by submerged fermentation. Ammonium sulphate, 

ammonium-di-hydrogen-orthophosphate and corn-steep liquor were found to be the best 

carbon source for the enzymes production (Gokhale et al., 1991). In another study, Haq et 

al. (1993) obtained higher yields of xylanase and cellulase when Aspergillus niger was 

cultured on wheat bran. Culture conditions parameters for optimization enzyme synthesis 

rate such as diluents and nitrogen sources for recovery maximum cellulase and xylanase. 

Costa et al. (1994) investigated Aspergillus niger CCMI 850 for the production of 

xylanolytic enzymes in batch cultures with 4% xylan as carbon source. A maximum 

activity of 65 IU/ml of -xylanase was observed during the experiment. Likewise, 

Siedenberg et al. (1997) studied xylanase production from Aspergillus niger awamori on 

synthetic medium and examinated the role of stirred tank and airlift tower top reactors, 

stirrer speed and phosphate concentration for xylanase biosynthesis. The highest xylanase 

activity was obtained at intermediate stirrer speed and low phosphate concentration. 

Veluz et al. (1999) screened 67 Rhizopus sp. strains on the capability xylanase 

productivity in solid state and liquid fermentation. The highest xylanase activity of 516 

IU/ml for liquid culture was exhibited by Rhizopus peka strain in Philippine. For solid 

state fermentation, the highest activity of 7802 IU/ml was achieved by Rhizopus sp. 

MKU 32 in Thailand. The xylanase could be synthesized by Trichoderma reesei by 

providing proper fermentation conditions. The rate of synthesis depends on the nature of 

carbon source, its concentration and carbon to nitrogen ratio. It could be enhanced by 

reducing the carbon source and increasing C/N ratio (Liu et al., 1999).  

Couri et al. (2000) synthesized a mixture of polygalacturonase, cellulase, 

xylanase and protease by using Aspergillus niger 3T5B8 when grown on various 

agricultural waste materials in solid state fermentation. Wheat bran as carbon source 

resulted in highest concentrations of mixture of enzymes (xylanase 30.62 U/ml). Haq et 

al. (2002a) conducted studies to investigate the impact of carbon and nitrogen sources 

and their concentrations on the synthesis of xylanase by mutant strain of Aspergillus 

niger GCBMX-45. The fungus produced maximum xylanase (2350 U/g) when 2% starch 

was used as carbon source whereas, 0.2% ammonium sulphate resulted in 2480 U/g 

xylanase activity. Xiong et al. (2005) studied the effect of L-arabinose-rich plant 
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hydrolysate for the synthesis of xylanase by Trichoderma reesei C-30. The researchers 

reported higher activities of xylanase in cultures containing oat husk and sugar beet pulp 

hydrolysate than on lactose. The xylanase activity was 9 times higher with supplement 

oat husk (510 IU/ml) than in lactose (60 IU/ml). In the case of batch cultivations on sugar 

beet pulp hydrolysate and lactose even higher xylanase activity (630IU/ml) were 

obtained. 

Gokhale et al. (1986) obtained higher yields of the enzyme when Aspergillus 

niger NCIM 1207 was grown on either xylan (3%) or wheat bran (4%). The optimum pH 

and temperature for -xylosidase were 4.5 and 65 oC respectively. Bailey et al. (1992) 

used Aspergillus fumigatus and Aspergillus oryzae for xylanase production using the 

xylan as carbon source. Aspergillus fumigatus produced higher levels of xylanase on 

insoluble xylan than on soluble oligosaccharides due to the presence of inhibitors. It 

produced high levels of xylanase at pH below 3.0. In case of birch wood xylan, 

Aspergillus oryzae produced less xylanase activities as compared to Aspergillus 

fumigatus. Cai et al. (1997) studied the potential of Aspergillus niger A3 for the 

production of xylanase in solid state fermentation. At the initial pH 4.6, temperature 

28 °C, 1.0 ml spore suspension inoculum, ratio of wheat bran to bagasse 1: 1.5 and 

fermentation for 72 hours; optimum activity of xylanase (5147IU/g) was observed. Later, 

Ilieva and companions (1995) investigated the biosynthesis of xylanase by Aspergillus 

awamori K-1 through submerged and solid state fermentation. Wheat straw and mixture 

of milled maize stems and wheat bran (2: 1) showed highest xylanase activities at 30 °C 

and pH 3.5-4.0. The xylanase activity in culture filtrates for measuries reducing sugars by 

Somogyi Nelson method was 100 IU/ml. Marquez et al. (1999) investigated Aspergillus 

flavus for culture optimal conditions to synthesize xylanase and -xylosidase. Highest 

xylanase activity (190 IU/ml) and -xylosidase (35 IU/ml) were achieved when the 

culture medium was supplemented with 3% (w/v) corn cob as the carbon source. The 

enzyme showed maximum activity at pH levels between 5.5-6. 

In another study, Chen et al. (1999) investigated 150 fungal strains for xylanase 

synthesis. Eight strains produced mainly xylanase with activity more than 100 IU/ml. The 

fungus strain No 49 produced the highest activities of xylanase and was identified as 

Aspergillus niger. The most suitable medium for the xylanase synthesis was NaNO3 1% 
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and wheat bran 1% that was prepared in Mandel’s nutritional solution without NH4SO4 

and Urea. After incubation by shake flask fermentation, the maximum activity (357.2 

IU/ml) was obtained at 28-32 °C and 60 hours of incubation period. The optimum pH for 

the xylanase activity was 4.6 and the enzyme was able to retain its stability between the 

pH values 3-11. Gawande and Kamat (1999) separated xylanase using affinity 

precipitation and a commercial enteric polymer Eudragit S100 from crude culture filtrates 

of Aspergillus sp 5 and Aspergillus sp 44. The yields after precipitation were 85.3 and 

82.7% and the purification folds in specific activity were 10.8 and 4.08 for Aspergillus sp 

5 and Aspergillus sp 44, respectively. The analysis Zymograms revealed the recovery of 

three and two forms of xylanases from Aspergillus sp 5 and Aspergillus sp 44, 

respectively. Later, Gawande and Kamat (1999) studied Aspergillus terreus and 

Aspergillus niger for the production of xylanolytic enzymes. It was found that the both 

strains produced valuable amounts of xylanase with almost undetectable activities of 

cellulase under solid state fermentation conditions. The medium of Aspergillus terreus 

consisted wheat bran moistened with Mandel’s and Stenberg mineral solution containing 

0.1 % tryptone at 35 °C. Aspergillus terreus and Aspergillus niger produced of xylanase 

68.9 IU/ml and 74.5 IU/ml, respectively. 

During another research work, Gouda (2000) evaluated Aspergillus tamarii for 

the xylanase biosynthesis in both solid state and submerged fermentation methods. The 

fungus produced the maximum xylanase activity of 124.83U/g under solid state condition 

when corncobs were used as carbon source. In case of solid state fermentation, the 

optimum temperature was 35 °C while 30 °C was found to be the best maximum enzyme 

recovery during submerged fermentation. The cellulase free, endo 1,4--xylanase 

production was carried out at 50 °C and pH 8.5 by Thermoactinomyces thalophilus. The 

maximum xylanase activity was achieved in the fermentation medium using birch wood 

xylan as carbon source after 96 hours of growth (Kohli et al., 2001). Kansoh and Gammal 

(2001) isolated 24 strains of Streptomyces from soil and evaluated their ability to produce 

xylanase. Among all the isolates, Streptomyces lividans was found the most potent to 

produce xylanase. The optimum temperature and time of incubation for xylanase activity 

were at 30 °C for 5 days. Park et al. (2002) optimized conditions in solid state 

fermentation for xylanase synthesis. The activity of xylanase obtained after 5 days of 
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fermentation was 50171 IU/ml. Similarly, Haq et al. (2002a) used the mutant strain 

Aspergillus niger GCBMX-45 for enhanced xylanase production. The organism was 

found to produce high activities of xylanase (1845U/g). Later, it was selected for 

optimization of conditions for solid state fermentation. Ten gram wheat bran with 1: 1 

dilution ratio was found to be the best for optimum xylanase synthesis. The xylanase 

production obtained from the mutant strain was 1.36 folds higher than the parental 

Aspergillus niger. Senthilkumar et al. (2005) used Aspergillus fischeri to produce alkali-

stable xylanase at pH 9.0 using wheat bran as carbon source in solid state fermentation. 

The workers reported 1.9 fold boost in the enzyme synthesis (1024 U/g) when the 

medium contained (in g/l) NaNO2 7.0, K2HPO4 1.0, MgSO4 0.5 and yeast extract 5.0, in 

contrast to the initial level (540 U/g) at 72 hours of incubation. 

2.4 Purification and characterization of xylanase 

During enzyme production, in addition to the required enzyme, growth medium 

may have some undesirable metabolites of the micro-organisms which lead to lower 

enzyme activity. Purified enzymes exhibit higher activity, lesser risk of harmful 

substances and better application for the specific product. Moreover, characterization of 

enzyme is vital to achieve better performance in a particular application; as it provides 

information regarding suitable conditions for enzyme functioning. 

Kavita et al. (2002) observed higher yields of xylanase (40 IU/ml) when grew A. 

nidulans KK-99 on a basal medium supplemented with wheat bran (2% w/v) and KNO3 

(at 0.15% N) at pH 10.0 and 37 °C. The enzyme was alkaline, thermostable and the 

optimum activity of partially purified xylanase was found at pH 8.0 and 55 °C 

temperature. It retained more than 80% of its activity at 55 °C over a broad pH range of 

4.0-9.5. In another study, Taneja et al. (2002) used A. nidulans KK-99 to produce 

xylanase and reported an activity of 40IU/ml when incubated in basal medium containing 

2% wheat bran (w/v) and KNO3 (0.15% N) at pH 10.0 and 37 °C. The partially purified 

enzyme showed maximum activity at 55 °C and pH 8.0. The xylanase was active in a 

wide range of pH i.e. 4.0-9.5 for 1 hour at 55°C and retained almost 80% of its activity. 

Later, Anthony et al. (2005) used A. niger BRFM281 in shake flask fermentation for 

overproduction of XynB and reported a yield of 900 mg/L. The recombinant enzyme was 
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purified to 1.5-fold by immobilized metal affinity chromatography with enzyme recovery 

of 71%. During characterization of the 

enzyme, it was found that it had molecular weight 23 kDa, optimum pH 5.5 and optimum 

temperature 50 °C. The enzyme showed stability over a pH range of 4.0 to 7.0 and 

temperature up to 50 °C. 

The thermophilic fungus Humicola grisea var. thermoidea had potential to 

produce several extracellular enzymes (Chaves et al., 1989; Peralta et al., 1990; Tosil et 

al., 1993; Zimmermann et al., 1990). Monti et al. (2003) used this fungus to produce two 

forms of extracellular xylanase. After the production, a fraction of crude enzyme was 

purified by electroelution method. The molecular mass of the purified enzyme was found 

to be 61.8 kDa. An alkaline xylanase was purified from crude xylanase fermentation 

broth extracted in aqueous two phase system (ATPS) composed of 16% polyethylene 

glycol (PEG 6000 ) and 6.0% phosphate salt. A purification factor 57 and 41% yield of 

the enzyme activity were calculated for the system containing 16% PEG 6000, 8% 

K2HPO4 and 12% NaCl (Duarte et al., 1999). Eudragit et al. (1999) separated xylanase 

from Aspergillus spp. 5 and Aspergillus spp 44 crude culture filtrates by using affinity 

precipitation. The enzyme yield was 85.3 and 82.7% by Aspergillus sp 5 and Aspergillus 

sp 44, respectively. Carmona et al. (1998) described that when different steps of 

purification were carried out, total protein contents decreased with each purification step 

while the specific activity in response to each purification step exhibited an increase and 

the specific activity in the crude extract was 33.79 U/mg. In a research, crude filtrate 

secreted by Aspergillus sp. was purified by ammonium sulfate precipitation, it improved 

the purification yield, specific activity and purification fold as 62%, 51.89 and 2.15, 

respectively (Gawande and Kamat, 1999). Goulart et al. (2005) cultivated Rhizopus 

stolonifer on wheat bran to produce cellulase freee xylanase. The purified xylanase 

exhibited optimum pH and temperature as 6.0 and 45 °C respectively. Huang, (1991) 

reported the pH 5.5 and temperature 60 °C as optimum for highest xylanase activities 

Carmona et al. (1998) reported that when xylanase was purified by gel filtration using 

sephadex G-75, it yielded total protein, specific activity and purification fold as 2.0 mg, 

635 and 18.8, respectively. Coelho and Carmona (2003) stated that xylanase exhibited 

high thermal stability in the pH range 4.5 to 10.5. Earlier Christakopoulos et al. (1996) 
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demonstrated that xylanase II from the fungus Fusarium oxysporum F3 was stable at a 

temperature 44-55 °C. 

Damasco et al. (2000) produced cellulase free xylanase from Thermomyces 

lanuginosus in shake cultures by using corn cobs as carbon source and found that crude 

xylanase exhibited appreciable thermostability, retaining almost 50% of activity during 

24 hours of incubation at 50 oC and about 50% of activity was present at 60 oC even after 

4 hours of incubation. Damasco et al. (2000) reported that xyalanase was active in the 

broad range of pH and temperature, however the optimum pH and temperature were 

found as 6.0 and 75 oC respectively. Carmona et al. (1998) described the temperature 55 
oC for the optimum activity of xylanase from A. versicolor and 70 oC from Aspergillus 

niger. However according to Uhlig, (1998), temperature range of 50-55 oC seems the best 

for optimum xylanase activity. The optimum pH for xylanase activity described in 

literature is in the range of 4.0-5.5, however some bacterial xylanases exhibit the optimal 

activity at pH range between 6.0 to 7.0. Coral et al. (2002) determined the molecular 

weight of xylanase produced by an Aspergillus niger strain was 36 kDa. These results are 

also supported by the findings of Kulkarni et al. (1999); according to them, xylanase 

from the microbial origin are single sub unit proteins with the molecular mass ranging 

from 8-145 kDa. Camacho and Aguillar (2003) estimated the molecular weight of 

xylanase from Aspergillus sp was 22 kDa. A study conducted by Sardar et al. (2000) 

indicated that when the purified xylanase was subjected to SDS-PAGE, the xylanase 

molecular weight was found to be 24 kDa. 

2.5 Biotechnological potentials of xylanases 

Xylanases have high industrial potential and used in various processes. The 

different areas of application of xylanases are summarized as follows. 

2.5.1 Pulp and paper bleaching industry 

In classical process, chemical bleaching processes use a large amount of chlorine 

and chlorine dioxide. Organic chlorine compounds formed during the bleaching of 

chemical pulp, these compounds arise mainly from the reactions between residual lignin 

present in wood fibres, causing the brown colour of unbleached pulp, and the chlorine 

used for bleaching. Organic chlorine compounds are well known to generate toxic, 

mutagenic, highly persistent chlorinated organic by-products which eventually pollute 

15 



water bodies (Viikari et al., 1994). For the same amount of active chlorine used, chlorine 

dioxide causes the formation of adsorbable organic halogen (AOX) in an amount of only 

one fifth of that caused by chlorine gas (Germgfird and Larsson, 1983).  

Today, the pulp and paper industry had been forced to consider any new 

technique available for the reduction of chlorine consumption, or for the increase of 

brightness of totally chlorine-free pulps. xylanases can be used to replace chlorine for 

specific modifications of pulp for the development of clear environmentally, friendly, 

economically attractive technology, and can decrease the amount of bleaching chemicals 

required to attain a given brightness in subsequent chemical bleaching stage (Zhao et al., 

2006; Savitha et al., 2007; Viikari et al., 1986). Delignification in biobleaching process: 

xylanase attacks hemicellulose (xylan) and removal the lignin-associated xylans by an 

ester linkage to 4-O-methyl-D-glucuronic acid with minimal damage from pulp as shown 

in Figure 2.2. Cellulase-free xylanase or xylanase with low cellulase activity have been 

regarded as environment-friendly alternatives for effective bleaching of paper pulp 

without employing toxic chlorine compounds (Srinivasan et al., 1999). Cellulase-free 

xylanase selectively hydrolyse xylan without degrading cellulose of pulp fibres. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.2 Lignin associated xylan fraction removal from pulp structure by xylanase 

action. 
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2.5.2 Animal feed supplement 

Although cereals like wheat, barley, triticale, rye and oats are commonly used as 

animal feed, they contain relatively high proportion of anti-nutritive carbohydrates like 

beta-glucon, pentosans and arabinoxylan which are collectively known as non-starch 

polysaccharides (NSPs) (Friesen et al., 1992). The content of NSPs in the diet was 

inversely related to the apparent metabolizable energy (AME) of wheat (Annison and 

Choct, 1991). A lot of feed additives are being currently used and new concepts are 

continuously developed. Enzymes as additives to animal feed have had a great impact on 

the livestock industry. As reported by Amare Gessese (1998), xylanases, proteases, 

phytases and amylases are found important in such industry. The use of xylanase in 

poultry feeds has predominantly been related to the hydrolysis of fiber or NSP fractions 

in cereal grains. These NSPs could not digested by the endogenous poultry enzymes and 

can have anti-nutritive effects (Friesen et al., 1992). The intestinal viscosity caused by 

water soluble NSPs dramatically reduces the nutritive value of the feed (Annisoon and 

Choct, 1991). Feed additive that contain xylanase help to such anti-nutritive factor or 

NSPs thus liberating the nutrients for easier digestion, absorption and utilization (Zhang 

et al., 1996).  

Endo--D-xylanase (xylanase) is added to feeds to catalyze depolymerization of 

this polysaccharide. McCleary (2004) demonstrated that endo-cleavage by xylanase of 

just one bond per thousand in the arabinoxylan back bone can significantly remove 

viscosity properties. Xylanase also changes the hemicellulose to sugars so that nutrients 

formerly trapped with in the cell walls are released. This means the chickens get 

sufficient energy from less food (Zhang et al., 1996). Xylanase could also improve the 

quality of the environment by reducing the out put of excreta and pollutants, such as 

phosphate and nitrogen, including ammonia (Petterson and Aman, 1989). In addition, 

chickens eggs become cleaner because the excrement in the laying area is drier (Classen 

and Bedford, 1991). Although xylanases have proven to be highly beneficial, the use of 

xylanase in animal fed is still in its infancy. Most of the problems should be solved 

before their full potential is realized. As explained in Amare Gessese (1998) 

supplementation of xylan-rich feed with xylanase doesn’t completely eliminate the 

stickiness of the litter, which may show that no complete depolymerization takes place. 

17 



Therefore searching xylanases having better efficiency under the condition of the animal 

gut should be of an interest. 

2.5.3 Baking industry 

Xylanases were introduced to the bakery industry in the 1970s and they are 

currently used frequently in combination with amylases, lipases and various oxido-

reductases (Elliot, 1996). Xylanase enhanced the dough and bread quality leading to 

improved dough flexibility, machinability and stability and a larger loaf (10%) volume as 

well as an improved crumb structure(Collins et al., 2006). Flour generally consists of 

approximately 80% starch and 12% proteins with arabinoxylan content varying from 2- 

3% in wheat flour and this small amount is an extremely important functional ingredient 

as it can bind almost 10 times its own weight with water, accounting for almost 30% of 

the water binding capacity of wheat flour (Elliot, 1996). The exact mechanism of the 

functionality of xylanases in bread making is not yet fully elucidated, but currently 

believed that the redistribution of water from the arabinoxylan in the flour to the starch 

and gluten phases is important (Collins et al., 2006).  

2.5.4 Beer making  

Xylanase had the ability to break the hemicelluloses down in to sugars. This 

indicates extraction of more fermentable sugars from barley for making beer. It also helps 

processing the spent barley for animal feed and in addition, added xylanase can reduce 

the viscosity of the brewing liquid improving its filterability (Mohagheghi, 1986). 

2.5.5 Treating plant wastes 

Annually a large amount of xylan containing waste is released in the form of 

industrial, agricultural and municipal wastes. Treating plant waste by xylanase dissolves 

the xylan and reduces the amount of organic wastes that should be disposed in to the land 

fill. As reported by Amare Gessese (1998), this treatment might not be efficient in 

treating the plant waste as it is composed of complexed polysaccharides. Therefore the 

use of other plant polymer degrading enzymes together with xylanase might involve in 

efficient hydrolysis of lignocellulosic wastes. 

2.6 Endophytes 

2.6.1 Historical perspective 

2.6.1.1 Definition 
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The term “endophyte”, originally introduced by De Bary in 1866 (Rodrigues, 

1996), referred to any organisms occurring within plant tissues, distinct from the 

epiphytes that live on plant surfaces (“endo-” means inside; “phyte” is derived from the 

Greek word phyto, which means plant). Since the discovery of endophytic fungus in 

darnel (Lolium temulentum) in Germany, in 1904 (Tan and Zou, 2001), various 

investigators have defined endophytes in different ways. Carroll (1986) defined 

endophytes as “mutualists, those fungi that colonize aerial parts of living plant tissues and 

do not cause symptoms of disease”. Petrini (1991) proposed an expansion of definition to 

include “all organisms inhabiting plant organs that at some time in their life, can colonize 

internal plant tissues without causing apparent harm to the host”. Wilson (1995) pointed 

out that “endophytes are fungi or bacteria which, for all or part of their life cycle, invade 

the tissues of living plants and cause unapparent and asymptomatic infections entirely 

within plant tissues, but cause no symptoms of disease”. Bacon and White (2000) give an 

inclusive and widely accepted definition of endophytes-“microbes that colonize living, 

internal tissues of plants without causing any immediate, overt negative effects”, which 

includes virtually any organism residing inside a plant host (Zhang et al., 2006b).  

2.6.1.2 Origin and evolution 

Plant-fungus association has a long evolutionary history. These specific 

relationships were referred to as mutualisms or symbiosis (Bacon and Hill, 1996). 

Evidence of plant-associated microorganisms found in the fossilized tissues of stems and 

leaves has revealed that the symbiosis of endophyte-host most probably dates back to the 

emergence of vascular plants (Strobel, 2003; Zhang et al., 2006). Some phytopathogens 

in the environment are related to endophytes and have an endophytic origin (Carroll, 

1988). However, direct interactions between endophytes and pathogens are complex, 

diverse, and sensitive to host-specific leaf chemistry (Arnold et al., 2003). Ganley et al. 

(2004) found that endophytic fungi are actually most closely related to, but distinct from 

parasites. In certain environments, some microbes appear actively to penetrate plant 

tissues through invading openings or wounds, as well as proactively using hydrolytic 

enzymes such as cellulase and pectinase (Zhang et al., 2006). Majewska-Sawkaa and 

Nakashima (2004) found young embryos did not contain mycelium, but as they matured, 

endophytic Neotyphodium lolii was transmitted to the embryo exclusively via sporophytic 
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maternal tissue. Schulz et al. (2002) hypothesized that the interaction of fungal 

endophyte-plant host is characterized by a finely tuned equilibrium between fungal 

virulence and plant defence. Many innocuous fungal endophytes were quiescent 

phytopathogens which may cause infectious symptoms when the host plant is aged or 

stressed (Tan and Zou, 2001). However, endophytes in contrast to known pathogens, 

generally have far greater phenotypic plasticity and thus more options than pathogens: 

infection, local but also extensive colonization, latency, virulence, pathogenicity and/or 

saprophytism. This phenotypic plasticity is a motor of evolution (Schulz and Boyle, 

2005). 

Fungal endophytes had evolved two transmission modes: vertical and horizontal 

transmission. The former transmits the systemic fungus from plant to offspring via host 

seeds, and the latter operates by sexual or asexual spore transfer (Saikkonen et al., 2004). 

During the long co-evolution of endophytes and their host plants, endophytes have 

adapted themselves to their special microenvironments by gene mutation, including 

uptake of some plant DNA into their own genomes (Germaine et al., 2004). This might 

lead to the ability of certain endophytes to biosynthesize some phytochemicals originally 

associated with the host plants (Stierle et al., 1993; Zhang et al., 2006b). Endophytic 

microbes also improved the resistance of the hosts to adversity by secreting a variety of 

bioactive secondary metabolites (Tan and Zou, 2001; Schulz et al.; 2002; Strobel et al., 

2004; Zhang et al., 2006b). For example, herbivores reduced the exposed biomass of 

non-host plants relative to the endophyte hosts, which can drive plant-microbe dynamics 

and modify plant community structures. In hereditary symbioses, genomes of both 

partners are co-inherited. Therefore, these symbionts are linked directly to evolutionary 

changes in their host populations (Clay et al., 2005; Zhang et al., 2006b). Prior studies 

indicated that interspecific hybridization promoted genetic variation, and was common 

during the evolution of endophyte colonization of grasses (Gentile et al., 2005). However, 

Brem and Leuchtmann (2003) reported that genetically differentiated and host-adapted 

races of the fungal endophyte Epichloe bromicola presumably emerged after host shifts 

and they might have evolved through host-mediated reproductive isolation toward 

independent species. The evolved relationships between endophytes and host plants are 
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complicated. Many problems regarding the evolutionary origin and speciation remain to 

be answered. 

2.6.2 Endophytic fungi as producers of xylanase 

One hundred and sixty-nine endophytic fungi were isolated from 14 plants in 

Hokkaido. Among them, 155 fungi (91.7%) were found to produce xylanase. The best 

xylanase producer among them showed high activity of 0.191 U/ml when they were 

cultivated at 27 °C for 5 days (Suto et al., 2002). It was noteworthy that xylanase 

producers were found in endophytes in large numbers. This result suggested that the 

invasion and proliferation of xylanase producers were advantageous to host plants.  The 

inside part of plants is a novel and good source for isolating xylanase producers in 

comparison with soil. (Nielsen and Sorensen, 1997).  Choi et al., (2005) studied about 

that twenty-one endophytic fungi isolates from Brucea javanica plant were tested for 

their ability to produce extracellular and intracellular xylanase appeared that fifteen of the 

endophytes tested produced extracellular xylanase, but only one had a strong reaction, six 

had medium reactions and eight had weak reactions furthermore, eight strains were 

intracellular producers of xylanase. Colletotrichum species B10810 and L27103, Phoma 

species (B25603) and the xylariaceous taxa (B25605) produced higher amounts of 

extracellular or intracellular xylanase than the other strains. 
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CHAPTER III 

 

EXPERIMENTAL 

 

3.1. Chemical materials 

Acetic acid (Merck Ag Darmstadt, Germany) 

Acrylamind (Plusone Pharmacia Biotech, Sweden)  

Agar (Sigma, USA) 

Ammonium Chloride (Sigma, USA) 

Ammonium Nitrate (Sigma, USA) 

Ammonium Persulfate (Sigma, USA) 

Ammonium Sulfate (Sigma, USA) 

Angiotensin Converting Enzyme from rabbit lung (Sigma,U.S.A) 

Bagasse 

Birch wood xylan (Sigma, USA) 

Bis-acrylamide (Promega, USA) 

Bovine serum albumin (Sigma, USA) 

Bromophenol Blue (USB, USA) 

Calcium Chloride (Sigma, USA) 

Captopril (Fluka, China) 

Chaff 

Congo red (Sigma, USA) 

Coomassie Brilliant Blue G-250 (USB, USA) 

Corn steep 

Corton oblongifolius Roxb. (Plao-yai) leaves  

Dextrose (Sigma, USA) 

Di- Ammonium Hydrogen Phosphate (Sigma, USA) 

Di- Potassiumhydrogen phosphate (Merck Ag Darmstadt, Germany) 

Endophytic fungi  

Ethylenediaminetetraacetic acid, EDTA (Sigma, USA)  

Ethanol (Merck Ag Darmstadt, Germany) 



Ethyl acetate (Ajax Finechem, New Zealand) 

Hydrochloric acid (J.T. Baker, USA) 

Magnesium Sulfate (Sigma,U.S.A) 

Peptone (Sigma, USA) 

Potassium dihydrogen phosphate (Merck Ag Darmstadt, Germany) 

Potato  

Rice bran  

Rice straw  

Sawdust  

Sodium azide (Merck Ag Darmstadt, Germany)  

Sodium chloride (Merck Ag Darmstadt, Germany)  

Sodium hydroxide (Merck Ag Darmstadt, Germany) 

Soybean (Sigma, USA) 

Standard Molecular Weight Marker (Sigma, U.S.A) 

Tetramethylethylenediamine, TEMED (Plusone Pharmacia Biotech, Sweden)  

Tris (USB, U.S.A) 

Urea (Sigma, USA) 

Yeast (Sigma, USA) 

3.2. Equipment  

Autoclave (Taladlab, Thailand) 

Auto pipette (Pipetman, Gilson, France) 

Dialysis bag (Snake Skin Dialysis Tubing, Pierce, U.S.A) 

Electrophoresis unit (Hoefer mini VE, Amersham Pharmacia Biotech, Sweden) 

Freeze dryer (Labconco, U.S.A) 

High Speed Refrigerated Centrifuge (Kubota 6500, Japan) formance Liquid 

Hot plate stirrer (HL instrument, Thailand) 

Laminar Flow (Safety Lab, Asian Chemical and Engineering Co., Ltd., Thailand) 

LC/MS/MS mass spectrometry 

Micro-centrifuge (Tomy MTX-150) 

Orbital Shaker (OS-10 Biosan, Latvia) 

pH meter (Mettler Toledo, U.S.A) 
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Pipette tips (Bioline, U.S.A) 

Spectrophotometer (Synergy HT Biotek, USA) 

Speed vacuum centrifuge (Heto-Holten, Denmark) 

Ultrasonic (leaner D200, D.S.C) 

Vortex mixer (Vortex-Genie2, Scientific Industries, U.S.A) 

Water Bath (NTT-1200 Tokyo kikakikai, Japan) 

96-well microtiter plate (greiner, USA) 

3.3 Tested Endophytic fungi 

3.3.1 Isolation of endophytic fungi from Croton oblongifolius leaves 

Endophytic fungi were isolated by using modified Petrini’s method (Petrini, 

1986). The healthy leaves of Croton oblongifolius were rinsed with running tap water, 

and dried in the laminar air flow Plant leaves were cut into small pieces size 5  5 mm. 

The specimen were the surface sterilized by immersing the cut pieces sequentially into 

95% (v/v) ethanol for 1 min, 12% (w/v) sodium hypochlorite for 5 min and then 95% 

(v/v) ethanol for 30 second. Finally, they were immersed in sterilized water twice, and 

dried with sterile tissue paper and placed on to potato dextrose agar (PDA) plates. Plates 

were incubated at room temperature and examined for interral fungal. Fungal endophytes 

were subcultured to new PDA medium plates, and incubated for 7 - 14 days at room 

temperature until obtained pure culture. The pure culture was checked under light 

microscope. Fungal isolates with a different morphology were collected for further study. 

3.3.2 Endophytic fungi from culture collection  

Twenty- two fungal endophytes isolated from mangrove leaves and six fungal 

endophytes isolated from palm leaves were obtained from culture collection of 

Department of Microbiology, Faculty of Science, Chulalongkorn University, Thailand.  

3.4 Screening of endophytic fungi for extracellular xylanase production 

All endophytic fungal isolates were grown on PDA plates for 7 days. Mycelial 

agar disc size 0.5 mm in diameter were out by sterilized cork borer at the edge of growing 

and inoculated on selective xylan-agar plate by birchwood xylan. The plates were 

incubated colony for 5 days, at room temperature and flooded with 2% aqueous congo 

red. The solution allowed sitting for 15 minutes. The stain was renoved from the agar 

surface and washed with distilled water and the then were flooded with 1 M NaCl to 
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destain for 15 minutes. The NaCl solution was then removed. Xylan degradation around 

the colonies which indicated xylanase activity showed as a yellow-opaque area against a 

red color for the undegraded xylan. In order to select the best xylanase producer, strains 

with xylanase activity on the plates were cultured in 100 ml of basal medium (peptone 

1% (w/v), KH2PO4 0.15% (w/v), NaNO3 0.2% (w/v), NaCl 0.05% (w/v), MgSO4 0.05% 

(w/v), CaCl2 0.025% (w/v), FeSO4 0.0001% (w/v), ZnSO4 0.0001% (w/v), CuSO4 

0.0001% (w/v) and birchwood xylan 1% (w/v)) at pH 7.0. Each flask was inoculated with 

three 0.5 cm-diameter agar pieces and shaked on a rotary shaker at speed 150 rpm at 30 
oC. Then, mycelia were removed by filtered through filter paper and the filtrates were 

tested for xylanase activity.  

3.5 Assay for xylanase activity 

Xylanase activity was measured by following Saha method (2002) by using 0.5 

ml of 1% (w/v) solution of oat spelt xylan incubated with 0.5 ml of an appropriately 

diluted enzyme in 20 mM acetate buffer (pH 5.0) for 30 min at 50 ºC The released 

reducing sugars were assayed using the DNS method (Miller, 1959). One unit of xylanase 

activity was defined as the amount of the enzyme that liberated 1 µmol of xylose 

equivalents per minute under the assay conditions. The experiments were done with three 

replicates. 

3.6 Identification of endophytic fungi 

The endophytic fungal strain which showed highest xylanase activity was 

identified to species by morphological structure and molecular analysis. Morphological 

structure was examined for macroscopic and microscopic characters under light 

microscope. Molecular analysis was based upon the DNA sequence similarity of the 

internal transcribed spacer (ITS) regions of the rDNA, comparing this isolate to those in 

the NCBI GenBank database. Genomic DNA was prepared from fresh mycelial cultures 

of the selected endophytic fungal isolate and extracted with cetyltrimethylammonium 

bromide (CTAB), as described in Zhou et al. (1999). PCR amplification of the internal 

transcribed spacer (ITS) was performed in a total volume of 35 µl which was comprised 

of approx. 100 ng genomic DNA, 1 × PCR master Mix (Fermentas, Califonia, USA), and 

nM of each of the ITS1F and ITS4 primers. The amplification was performed in a 

thermocycler with a PCR profile of 94 oC for 5 min, followed by 38 cycles of 94 oC for 1 
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min, 51 oC for 1 min and 72 oC for 1 min, plus a final extension of 72 oC for 5 min. The 

PCR reactions were purified using the NucleoSpin® (Macherey-Nagel Inc., Easton, 

USA) and were direct sequenced on both the leading and lagging strands (using the 

ITSF1 and ITS4 primers, respectively) commercially by Macrogen (Seoul, Korea). The 

complete consensus sequence was then used to BLASTn search the NCBI GenBank 

database using the default settings, with the top 100 highest sequence similarity hits being 

recorded and compared. Species annotation of the deposited ITS sequences in the 

GenBank database were taken on trust and used to convert the molecular operational 

taxonomic unit (MOTU) designation of the fungal isolate to a likely species designation 

where the % sequence similarity was high enough (>97%). 

3.7 Xylanase production 

The selected endophytic fungal isolate was cultivated in a modified basal 

medium, as described in section 3.5, and tested the xylanase activity. Carbon and 

nitrogen sources effect on the extracellular xylanase (activity) production were 

investigated. In this work, various kinds of agricultural residues were tested to xylanase 

production by cultures for a 20 day. Various carbon sources such as chaff, bagasse, rice 

bran, rice straw and sawdust were replaced birchwood xylan supplemented in the basal 

medium (section 3.4) with similar concentrations. Various organic nitrogen sources such 

as soybean powder, yeast extract, corn steep liquor, peptone and various inorganic 

nitrogen sources such as urea, ammonium sulfate, ammonium persulfate, ammonium 

hydrogen phosphate and ammonium chloride were replaced ammonium nitrate into basal 

medium. Note that this was performed as a univariate analysis and not a multivariate, and 

so any potential interaction between these components is not ascertained. Various 

concentrations of each selected carbon sources (0.5, 1 and 2% (w/v)), and nitrogen 

sources (0.1, 0.2 and 0.5% (w/v)) were also tested. All experiments were done in 

triplicate and calculated mean ± SE. 

3.8 Determination protein content  

Protein contents were determined by the Bradford assay (Bradford, 1976), using 

5, 10, 15 and 20 µg/ml of bovine serum albumin (BSA) as the standard to construct the 

calibration curve. For each serial two-fold dilution of the sample in deionized water, 50 

µl aliquots were transferred into each of three wells of a microtiter plate and 50 µl of 

26 



Bradford’s reagent (100 ml contains: 10 mg Coomassie Brilliant Blue G-250 and 10 ml 

of 85% (v/v) phosphoric acid, dissolved in 95% (v/v) ethanol) was added to each well. 

The plate was shaken (Biosan, OS-10, Latvia) for 5 min and then left for 10 min before 

reading the absorbance at 595 nm using an ELISA plate reader (Biotek Synergy HT, 

Biotek instrument, USA). The obtained OD was converted to the protein concentration 

using the linear equation computed from the standard curve. During the column 

chromatographic separations, the elution peak profiles of proteins were determined by 

measuring the absorbance at 280 nm. 

3.9 Xylanase purification  

All the procedures as follow were performed at 4 oC, unless otherwise stated.  

3.9.1. (NH4)2SO4 Precipitation 

To 5 liters of culture supernatant, (NH4)2SO4 was slowly added with stirring to a 

final 80% saturation and then left to stand overnight at 4 oC. The precipitate was collected 

by centrifugation at 10,000  g for 30 min (Beckman Coulter, USA), and dissolved in 

distilled water, dialyzed in dialyzed bag (3,500 MWCO) with 3 changes of 5 L distilled 

water at 4 oC and then concentrated by lyophilization (Labconco, USA) which is referred 

to hereafter as the “ammonium sulfate cut fraction”. 

3.9.2. DEAE-cellulose ion exchange chromatography  

DEAE-cellulose ion exchange chromatography was performed with a 1.6 cm × 15 

cm column using an automatic liquid chromatography system (AKTA prime, Amersham 

Pharmacia Biotech, Sweden). The column was equilibrated with 5 column-volumes of 50 

mM Tris-HCl (pH 7.0). Thereafter, 5 ml samples (400 mg protein) of the ammonium 

sulfate cut fraction were injected into the column and eluted with the same buffer at a 

flow rate of 1.0 ml/min, collecting 10 ml fractions before a linear 0 - 1.0 M NaCl gradient 

in the same buffer was applied over the next 55 fractions. The eluted fractions were 

monitored for protein content with a UV detector at 280 nm and for xylanase activity as 

described in section 3.4. The fractions containing xylanase activity from the column were 

pooled, dialyzed against 3 changes of 5 L of distilled water and concentrated, and is 

referred to as the “post-DEAE-cellulose xylanase fraction”. 

3.9.3. Superdex-75 gel filtration chromatography  
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The post-DEAE-cellulose xylanase fraction was then further enriched by 

preparative Superdex-75 column (1.6 cm × 60 cm) chromatography. The column was 

equilibrated with two column-volumes of 100 mM NaCl / 50 mM Tris-HCl (pH 7.0), and 

then 2 ml of the post-DEAE-cellulose xylanase fraction solution (50 mg protein) was 

injected and eluted in the same buffer at a flow rate of 0.5 ml/min and collecting 5 ml 

fractions. Fractions were monitored for protein with a UV detector at 280 nm and for 

xylanase activity as described in section 2.3. The xylanase active fractions were pooled, 

dialyzed against 3 changes of 5 L of distilled water and concentrated, and is referred to as 

the “enriched xylanase fraction”. 

3.10 Determination enzyme purity by native-PAGE and xylanase activity staining 

The enzyme from each step of purification was analyzed by its native protein 

pattern and its purity according to the method of Bollag et al. (1996). Electrophoresis 

conditions, protein and activity staining are described below. 

3.10.1. Non-denaturating gel electrophoresis 

 Native PAGE was performed with 10% and 5% (w/v) acrylamide separating and 

stacking gels, respectively, with 100 mM Tris-glycine (pH 8.3) as the electrode buffer. 

Electrophoresis was run at a constant current of 20 mA per slab at room temperature in a 

Mini-Gel Electrophoresis unit (Hoefer model miniVE, Pharmacia Biotech, UK). After 

electrophoresis, proteins in the gel were visualized by Coomassie blue R-250 (Sigma) 

staining and activity staining. 

3.10.2. Coomassie blue staining of native SDS-PAGE  

Native (section 3.10.1.) and reducing SDS-PAGE (section 3.11) gels were stained 

by immersion in 0.1% (w/v) Coomassie blue R-250 in1 0% (v/v) acetic acid / 45% (v/v) 

methanol for 45 min. Destaining was performed by immersing the gel in 10% (v/v) acetic 

acid / 45% (v/v) methanol, with several changes of this destaining solution until the 

background was clear. 

3.10.3. Staining for xylanase activity 

After native-PAGE resolution the gel was directly immersed in 1% (w/v) 

birchwood xylan / 50 mM Tris-HCl (pH 7.0) at room temperature for 30 min. The Gel 

was then transferred to 0.1% solution of Congo red (Sigma) and incubated at 25oC with 

constant shaking for 10 min. The Gel was destained by washing with 1M sodium 
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chloride. The activity band was clearly visible as yellowish clearances against a deep red 

background by the end of 10 min of destaining (Karnchanatat et al., 2008). 

3.11 Determination molecular weight of SDS PAGE 

Discontinuous reducing 0.1% (w/v) SDS-PAGE was performed according to the 

procedure of Laemmli (1970) using 15% and 5% (w/v) acrylamide resolving and stacking 

gels, respectively. Samples were treated with reducing (2-mercaptoethanol containing) 

sample buffer and boiled for 5 min prior to application to the gel. Electrophoresis was run 

at a constant current of 20 mA per slab at room temperature in a Mini-Gel 

Electrophoresis unit. High and low molecular weight standards were coresolved on each 

gel and used to determine the subunit molecular weight of the enriched xylanase enzyme. 

After electrophoresis, proteins in the gel were visualized by staining with Coomassie blue 

R-250 as described in section 3.10.2. 

3.12 Thermostability on the xylanase activity 

Thermostability on the xylanase activity of the enriched xylanase fraction (post-

superdex-75) was determined by incubating the enriched xylanse fraction in 20 mM 

sodium acetate buffer pH 5.0 at various temperatures ((-20) - 90 oC at 10 oC intervals) for 

30 min. In addition, the xylanase was investigated by preincubating the enriched xylanse 

fraction at various temperatures (30 - 60 oC in 10 oC intervals) in the same buffer for the 

indicated fixed time intervals (10 - 120 min), cooling to 4 oC and then assaying the 

residual xylanase activity as described above. 

3.13 pH stability on the xylanase activity 

Incubating the enriched xylanase fraction in buffers of broadly similar salinity 

levels, but varying in pH from 2 to 14, was used to assess the pretreatment pH stability of 

the xylanase. The buffers used were (all 20 mM) glycine-HCl (pH 2 to 4), sodium acetate 

(pH 4 to 6), potassium phosphate (pH 6 to 8), Tris-HCl (pH 8 to 10) and glycine-NaOH 

(pH 10 to 12). The enriched xylanase fraction was mixed in each of the different pH-

buffer compositions, plus the control (20 mM sodium acetate buffer pH 5.0). The 

xylanase-buffer mixtures were left for 30, 60 and 90 min at room temperature and then 

adjusted back to 20 mM sodium acetate buffer pH 5.0 and assayed for xylanase activity 

as in section 3.4. The control incubation was set at 100% activity and the activity of the 
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samples from the different pH buffers were expressed relative to that of the control 

(100% activity).  

3.14 Effect of metal ions on the xylanase activity  

The effect of preculture with different divalent metal cation salts (mostly chloride 

anions but also two sulfate anions) and the chelating agent ethylenediamine tetraacetic 

acid (EDTA), on the xylanase activity of the enriched xylanase fraction was evaluated. 

The enriched xylanase fraction was incubated for 30 min with one of Ca2+,  Fe2+, Hg2+, 

Mg2+, Mn2+ (all as chlorides), Cu2+ or Zn2+ (as sulfates) or EDTA, at one of three 

concentrations (1, 5 and 10 mM) with continuous shaking. The residual xylanase activity 

was then evaluated (section 2.4), and from this the relative xylanase activity (%) was 

calculated taking the residual xylanase activity found in the control samples (without the 

addition of metal salts or EDTA) as 100%. 

3.15 Determination of kinetic parameters 

The Michaelis constant (Km) and maximum velocity (Vmax) values of the enriched 

xylanase fraction were determined by measuring the rate of birchwood xylan hydrolysis 

under standard assay conditions. The reaction mixture was 20 mM sodium acetate buffer 

pH 5.0 with the birchwood xylan substrate at concentrations ranging from 1.0-20 mg. The 

values for Km and Vmax were then determined from the Lineweaver-Burk plot. 
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CHAPTER IV 

 

RESULT AND DISCUSSION 

 
4.1. Isolation and screening of xylanase producing from endophytic fungi 

 Fifty-four tested endophytic fungal species were screened for extracellular 

xylanase production by using birch wood xylan agar plates (section 3.3). The basal 

medium containing birch wood xylan was used for screening xylanolytic activity was 

reported by several workers (Bhalla and Joshi, 1993; Kvesitadze et al., 1999; Abdel-Sater 

and El-Said, 2001). Even though a clearing zone was obtained after 5 days of incubation 

the clarity of the clearing zone increased when the medium was stained with 0.1% congo 

red, followed by washing with 1 M NaCl. Pajnu et al. (1989) demonstrated the 

carboxymethyl cellulase activity with 0.1% congo red. According to Capalash et al. 

(1990) congo red plate assay (Teather and Wood, 1982) was the most widely used 

method for the screening of hemicellulase activities. The detection of clearing zone with 

0.1% congo red in Streptomyces sp. was done by Techapun et al. (2001). Bhalerao et al. 

(1990) detected the xylanase positive colonies by flooding with 0.1% congo red and then 

followed by washing with 1M NaCl. Among of thirty one active isolates, one isolate 

(PTRa9) produced a much larger clearing zone was observed than the others (Figure 4.1 

and data not shown). Nevertheless, to ensure that the highest xylanse activity was 

selected, all thirty one of these isolates were cultured in a liquid culture in the basal 

medium (section 3.4) and subjected to quantitative xylanse activity analysis in the culture 

media. Frown on study endophytic from isolated PTRa9 (C. oblongifolius) was found to 

produce the highest extracellular xylanase (2.56 U/ml). This isolate was then furthermore 

evaluation on the factors influencing the xylanase production and enzyme activity and 

kinetics and identified. 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

Figure 4.1 Representative plate showing the growth of one of the selected xylanase-

positive endophytic fungi (isolate PTRa9) on 1% birch wood xylan. 

 

4.2. Identification of endophytic fungi  

The endophyte isolated PTRa9, which showed the highest xylanase activity 

production, was identified to species level based on morphological structure and 

molecular analysis. With respect to morphological identification, the isolate showed 

showing green-black colony on PDA medium (Figure 4.2A and B). Scanning electron 

micrograph (SEM) showed the macrocondia (Figure 4.3A to C). The identification of 

isolate was confirmed by molecular technique using the DNA sequence of the rDNA ITS 

region. The BLASTn search revealed highly similarity (>97% identity) ITS sequences 

but these were all from Alternaria alternata isolates, with the highest sequence identity 

being to Alternaria alternata isolated VC38 (GQ916545.1) 99% sequence identity. 
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Figure 4.2 Morphology character of xylanse-positive endophytic fungi isolated PTRa9 

showing colony growth on PDA plate as (A) top view (B) bottom view. 

 

 

Figure 4.3 Scanning electron micrograph of Alternaria alternata isolated PTRa9. (A); 

bar 10 m, (B); bar 5 m, and (C); bar 1 m 

 

Molecular analysis had been successfully used for identifying endophytic fungi 

and several recent studies have shown that genetic methods exhibit high sensitivity and 

specificity (Promputtha et al., 2005; Sette et al., 2006; Tedersoo et al., 2006; 

Morakotkarn et al., 2007). Most of the endophytic fungi are detected and identified by 

18S rDNA sequence comparisons or internal transcribed spacer (ITS1 and ITS2) and 

5.8S rDNA sequence examinations (Harney et al., 1997; Guo et al., 2000; Lacap et al., 

2003). Moreover, random amplified polymorphic DNA (RAPD) techniques can be 

employed for detecting genetic diversity of endophytic fungi from medicinal plants and 
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for pre-selection of these isolates for bioactive screening program (Tejesvi et al., 2007). 

Some endophytic fungi may be lost during isolation processes, however, molecular 

techniques can be used to alleviate the requirement of cultivation to measure diversity of 

fungi in natural environment (Guo, 1999). 

 

4.3. Production of xylanase 

4.3.1. Effect of various carbon source on xylanase production 

A number of different carbon sources were tested in growth experiments for 

ability to promote the development of fungal mycelium and stimulate the secretion of 

xylanolytic enzyme. Rice bran was the most effective inducer of xylanase activity (1.70 

U/ml) of the carbon sources tested (Figure 4.4). The highest level of total xylanase 

activity (1.95 U/ml) was produced in 2% (w/v) of rice bran after 4 days growth (Figure 

4.5). 

 
 
Figure 4.4 Time course of xylanase production by endophytic fungus Alternaria 

alternata isolated PTRa9 grown on various 1% carbon source. Values represent the 

average of three replicates + SE. Chaff (●); baggasse (○); rice bran (▼); rice straw (∆); 

and sawdust (■). 
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Figure 4.5 Effect of rice bran concentration on xylanase activity of endophytic fungus 

Alternaria alternata isolated PTRa9. Values represent the average of three replicates + 

SE. 0.5% (●); 1.0% (o); and 2.0% (▼). 

 

Mean values in Figure 4.4 and 4.5 indicated a relative capability of five carbon 

sources i.e. chaff, baggasse, rice bran, rice straw, and sawdust at different concentrations 

to synthesize xylanase by Alternaria alternata isolated PTRa9. It is obvious that rice bran 

gave the maximum high xylanase yield and followed by the others. The graphical 

depiction also elaborated that 2.0% concentration was considered best for all of the 

carbon sources as they exhibited maximum enzyme activity at this level. Moreover, when 

the concentration of mentioned carbon sources was increased above 2.0%, the enzyme 

activity decreased because higher levels of substrates caused problem of agitation 

resulting in reduced accessibility of fungus to the substrates and hence less enzymatic 

activity. Rice bran produced maximum enzyme activities; one possible reason could be 

that it is diversified in its composition and contains most of the minerals. Therefore, it is 

concluded that rice bran at concentration of 2.0% can be used to get higher yield of 
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enzyme. The findings are also in close conformity with the findings of Coelho and 

Carmona (2003), they reported wheat bran as good substrate for xylanase production. 

Many researchers have also observed that wheat bran gives maximum activities of 

xylanase as compared to other substrates (Chen et al., 1999; Ferriera et al., 1999; Park et 

al., 2002; Haq et al., 2002). 

4.3.2. Effect of various nitrogen source on xylanase production 

The effect of nitrogen source supplementation on the production of xylanase by 

selected endophytic fungi was also examined. The results obtained using various nitrogen 

sources are shown in Figure 4.6. Among the nitrogen sources tested, (NH4)2SO4 was 

found to enhance the production of xylanase at 0.1% (w/v) by about 1.95 U/ml in basal 

medium at 4 days.  

 

 

Figure 4.6 Effect of nitrogen source and on xylanase activity of endophytic fungus 

Alternaria alternata isolated PTRa9. Values represent the average of three replicates + 

SE. 0.1% (white); 0.2% (gray); and 0.5% (black). 
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Nitrogen source used in the production medium is one of the major factors 

affecting enzyme production and level. When selecting inorganic nitrogen sources for 

inclusion in growth medium, similar studies in the literature were taken into account and 

as a result (NH4)2SO4 gave better results (Figure 4.6). In a study carried out with T. 

harzianum, NaNO3 and peptone were the nitrogen sources in production medium (Abdel-

Sater and El-Said, 2001), whilst NH4NO3 was used in a study with Schizophyllum 

commune, and (NH4)2HPO4 was found suitable in another study with Thermomyces 

lanuginosus RT9 (Haltrich et al., 1993; Hoq et al.,1994). In summary, it can be 

concluded that xylanase activity of A. alternata is maximum with rice bran as sole carbon 

source. Ammonium sulphate was found to be the most appropriate inorganic nitrogen 

source for production. 

 

4.4. Xylanse purification 

The development of techniques and methods for the separation and purification of 

proteins has been an essential pre-requisite for many of the recent advancement in 

bioscience and biotechnology research. The global aim of a protein purification process is 

not only the removal of unwanted contamination, but also the concentration of the desired 

protein and its transfer to an environment where it is stable and in a form ready for the 

intended application (Queiroz et al., 2001). The principle properties of the enzymes that 

can be exploited in separation methods are size, charge, solubility and the possession of 

specific binding sites (Queiroz et al., 2001; and Amersham Pharmacia Biotechnol, 1999). 

Most purification protocols require more than one step to achieve the desired level of 

product purity. Hence, the key to successful and efficient protein purification is to select 

the most appropriate techniques, optimize their performance to suit the requirements and 

combine them in a logical way to maximize yield and minimize the number of step 

required (Amersham Pharmacia Biotechnol, 1999). 

At the end of the cultivation period, mycelia were removed by filtration through 

Whatman 3M chromatography paper. An extracellular xylanase was purified to 

homogeneity from the culture filtrate of Alternaria alternata isolated PTRa9 grown on 

rice bran growth medium. xylanase was successfully purified through ammonium sulfate 

precipitation, DEAE-cellulose, and Superdex-75 column chromatography. Upon 
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fractionation of xylanase active fraction with ammonium sulfate approximately 19.8% 

(Table 4.1) of the activity was obtained in the fraction saturated with 80% ammonium 

sulfate. After ion-exchange chromatography the enrich xylanse fraction was found 

(Figure 4.7). The major active peak was unadsorbed onto the DEAE-cellulose column 

(fractions 3-5), whereas the unenrich xylanse fraction (fractions 40-75) was adsorbed on 

the resin and eluted with most of the loading protein in the wash with starting buffer. 

Thus, the elution pattern showed a single xylanse activity peak which was harvested and 

pooled. Compared to the ammonium sulfate cut fraction, the post-DEAE-cellulose 

xylanse fraction showed a 87% reduction in the total protein content for only a loss of 

70% xylanse activity (Table 4.1), but the preparation was still not homogenous (Figure 

4.6). 

Thus, the post-DEAE-cellulose xylanse fraction (section 3.9.2) was further 

fractionated using Superdex-75 gel column chromatography (section 3.9.3), where a 

sharp peak was eluted free of most of the other xylanase activity negative proteins 

(Figure 4.7B). Compared to the post-DEAE-cellulose xylanase fraction, although the 

post-Superdex-75 fraction (enriched xylanse fraction) showed a 98.2% reduction in the 

total protein content this was achieved at the cost of a 77.6% loss of xylanse activity, 

(Table 4.1). Overall, a 60.8-fold enrichment for a 1.3 % yield was obtined after the three 

enrichmnt stages, compared to the crude culture filtrate (Table 4.1). The enriched 

xylanase fraction (post-Superdex-75; section 3.9.3.), with a specific activity of 161.1 

U/mg of protein (Table 4.1) and was enrinched to or near to apparent homogeneity 

(Figure 4.8), was used for all further enzyme characterization. The xylanase activity in 

the gel filtration was distributed across most of the elution profile. This is probably due to 

the expression of a wide spectrum of the xylanases by filamentous fungi as observed with 

Aspergillus niger (Berrin et al., 2000). A combination of this broad elution of xylanase 

and loss in specific activity, possibly due to removal of some stabilizing elements in the 

culture supernatant on purification of the enzyme, may be largely accountable for the low 

yields of activity in the selected distinct peak. Despite the low yields, the isolation 

procedure provided pure xylanase that allowed characterization of the protein and 

preliminary studies on the amino acid sequence. The findings of the present study 

regarding purification of xylanase are in corroboration with the results of Carmona et al. 
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(1998), they described that when different steps of purification were carried out, the total 

protein contents decreased with each step while the specific activity increased. Carmona 

et al. (1998) calculated specific activity in the crude xylanase extract as 33.79 IU/mg that 

is in conformity with the present case i.e. 41.85 IU/mg. 
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Figure 4.7 Profile of the enrichment of the Alternaria alternata isolated PTRa9 

extracellular xylanase extract by; (A) DEAE-cellulose ion-exchange chromatography of 

the ammonium sulfate cut fraction (400 mg protein) eluted in 50 mM Tris-HCl (pH 7.0) 

with a 0 - 1 M NaCl linear gradient; and (B) Superdex-75 gel chromatography of the 

post-DEAE-cellulose xylanase fraction (50 mg) eluted in 100 mM NaCl / 50 mM Tris-

HCl (pH 7.0). For panels A; absorbance at 280 nm (○), xylanase activity (●) and panels 

B; absorbance at 280 nm (●), xylanase activity (○).  

 

Table 4.1 Enrichment summary for the xylanase from Alternaria alternata isolated 
PTRa9. 

 

Purification step 
Total 

protein (mg) 

Total activity

(U) 

Specific activity 

(U/mg) 

Yield (%) Purification (fold) 

Culture filtrate 765.2 2027.9 2.7 100.0 1.0 
80% (NH4)2SO4 cut 86.2 402.1 4.7 19.8 1.8 
DEAE-cellulose 11.1 118.3 10.7 5.8 4.0 
Sephadex-75 0.2 26.4 161.1 1.3 60.8 

 

4.5. Determination of enzyme purity and protein pattern on native-PAGE 

The xylanase from each step of enrichment was analyzed for purity and protein 

pattern by native-PAGE, with protein and enzyme activity staining (Figure 4.8A). Whilst 

the post-DEAE-cellulose xylanase fraction still showed multiple components, the 

enriched xylanase fraction (post-Superdex-75 xylanase fraction) showed a single protein 

band on native-PAGE. On the same gel, a rapid visualization of the enzyme acting on 1% 

birch wood xylan was permitted by subsequent staining with congo red. A single band 

was observed at the same migration distance, indicating that the purified xylanase from 

Sephadex-75 column was the pure enzyme. 

 

4.6. Determination molecular weight of SDS-PAGE 

Discontinuous reducing SDS-PAGE, a relatively sensitive technique for xylanase 

separation, revealed a single strong band with an apparent molecular weight of 54.8 kDa 

after Coomassie blue R250 staining (Figure 4.8B). This supports enrichment to near 

homogeneity and suggests that the purified xylanase could be a monomeric protein, or at 
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least if a multimeric one that dissociates into subunits under these enrichment conditions, 

that this 54.8 kDa subunit has xylanase activity alone.  

 

(A)                                                                                    (B) 

 

 

 

Figure 4.8 (A) Coomassie blue stained native-PAGE analysis of the Alternaria alternata 

isolated PTRa9 xylanase fractions from each step of the enrichment and stained for 

protein by coomassie blue (Lanes 1 - 4) or for xylanase enzyme activiy (Lane 5). Lane 1, 

crude enzyme (20 g of protein); Lane 2, ammonium sulfate cut fraction (20g of 

protein); Lane 3, post-DEAE-cellulose xylanase fraction (15g of protein); Lanes 4 & 5, 

enriched xylanase fraction (post-Superdex-75) (10g of protein). (B) Reducing SDS-

PAGE analysis, after coomassie blue staining, of the enriched xylanase fraction (post-

Superdex-75) from Alternaria alternata isolated PTRa9: Lane 1, Low molecular weight 

protein markers; Lane 2, enriched xylanase fraction (5 g of protein).  

 

4.7. Thermostability on the xylanase activity 

The Figure 4.9 (A) depicts the effect of different temperatures on relative activity 

of xylanase. It is obvious that when enzyme assay was performed at various 

temperatures, the xylanase activity increased with rise in temperature up to 40 °C and 

exhibited maximum activity, which was similar to the xylanase from A. ficuum AF-98 
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acted stably at 45 oC (Fengxia et al., 2008) or xylanase from T. reesei also acted stably at 

45 oC (Tenkanen et al., 1992). However, further increase in temperature caused a 

decrease in activity. Minimum activity was observed at 90°C, the highest temperature 

studied in the present study. The results of current work are in close conformity to the 

findings of Kavita et al. (2002), they reported that the purified xylanase from the fungus 

A. nidulans KK-99 exhibited highest activity at 55 °C. Likewise, Carmona et al. (1998), 

and Uhlig, (1998), calculated highest activity of xylanase at 55°C however, Damasco et 

al. (2000) reported 75 °C as thermostability. In addition, the enzyme stability was 

determined by maintaining the enzyme at various temperatures of 30, 40, 50, and 60 oC 

for 10-120 minutes in 20 mM sodium acetate buffer pH 5.0. The enzyme retained more 

than 120% of its original activity at 40 oC for 10-120 minutes. The enzyme has showed 

good stability up to 20 minutes at 40 oC as shown in Figure 4.9 (B) 
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Figure 4.9 Thermostability on xylanase activity from Alternaria alternata isolated 

PTRa9 (A and B)  was assayed in 50 mM Tris-HCl (pH 7.0) at (□); 30 oC, (■); 40 oC, 

(▼); 50 oC and (●); 60 oC. For both panels A and B the data are shown as the mean of 

three replicates + SE. Means with a different lower case letter above them are 

significantly different (p<0.05). 
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4.8. pH stability on the xylanase activity 

The pH stability for xylanase activity was 5.0 at room temperature for 60 min, the 

relative xylanase activity was 112.82%, it was maintained over 90% at pH 3.0 - 11.0 for 

60 min and it suddenly decreased at pH 2 and 12 for whole times. (Fig. 4.10) The results 

showed that xylanase isolated from fungus PTRa9 identified from Alternaria alternata 

isolated PTRa9 showed high activity under rather high acidic or alkali conditions. A 

considerable stability at acid-alkaline pH values makes it potentially effective for use in 

industry. The results of current work are corroborated with the findings of Kavita et al. 

(2002) that maximum xylanase activity is in the pH range 4.0 to 9.5. Likewise, Uhlig 

(1998) calculated maximum xylanase activity at pH levels 6.0 to 7.0. The findings are 

also in agreement with Huang, (1991) that pH 5.5 and temperature 60 °C, as optimum for 

highest xylanase activities. Goulart et al. (2005), cultivated R. stolonifer on wheat bran to 

produce cellulase free xylanase. The purified xylanase exhibited pH stability and 

temperature as 6.0 and 45 °C respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.10 The pH stability on the activity of the enriched xylanase fraction from 

Alternaria alternata isolated PTRa9. The pH stability on xylanase activity was evaluated 

in (all 20 mM) (···); glycine-HCl buffer for pH 2-4, (―); sodium acetate buffer for 4-6, 

(−••); potassium phosphate buffer for 6-8, (− −); tris-HCl buffer for 8-10 and (•••); 
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glycine-NaOH buffer for 10-12 for time (●); 30 min, (o); 60 min and (▼); 90 min. The 

data are shown as the mean of three replicates + SE. 

4.9. Effect of metals and reagents 

Xylanase activity was strongly inhibited by Hg2+ which might be due to its 

interaction with sulfhydryl groups present on the enzyme. EDTA was also found to be 

inhibitory causing 57% inhibition of enzyme activity (Table 4.2). Some other metal ions 

like Mg2+, Mn2+, Ca2+, Cu2+, Fe2+, and Zn2+ decreased the enzyme activity but to a very 

less extent. The inhibition of the enzyme activity by Hg2+ ions may be due to its 

interaction with sulphydril groups, suggesting that there is an important cysteine residue 

in or close to the active site of the enzyme. Hg2+ has earlier been reported to completely 

inhibit the activity of xylanase from different sources (Bataillon et al., 2000; 

Khandeparker and Bhosle, 2000; Khanna and Gauri, 1993; Qureshy, 2002). 

 

Table 4.2 The effect of divalent cation salts and the chelating agent EDTA on the 

xylanase activity of the enriched xylanase fraction from Alternaria alternata isolated 

PTRa9. 

 

Cation salt Percentage relative xylanase activitya at various cation salt 

concentration 

1 mM 5 mM 10 mM 

Controlb 100.00 100.00 100.00 

MgCl2 89.79 75.53 64.68 

MnCl2 79.41 78.65 73.65 

CuSO4 65.70 22.82 19.45 

CaCl2 86.38 90.72 100.23 

ZnSO4 94.72 84.60 57.85 

FeCl2 66.70 55.73 54.95 

HgCl2 50.34 20.97 6.78 

EDTA 57.00 46.57 43.33 
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aThe percentage relative activity was determined by measuring the xylanase activity at 30 

min at 50 oC in 20 mM sodium acetate buffer pH 5.0 after pre-incubation at 30 oC for 30 

min with the indicated reagents and concentrations, busing the activity seen in the absence 

of such reagents in 20 mM sodium acetate buffer pH 5.0 alone as 100%. Data showed as 

the average of three replicates + SE. Means within a column or across a row that are 

followed by a different lower case letter are significantly different. 

 

4.10. Determination kinetic parameters 

The Km value was obtained from Lineweaver-Burke plot of xylanase activity at 50 
oC for 30 min in 20 mM sodium acetate buffer pH 5.0 using various concentrations of 

xylan as substrate. The Km of xylanase for birchwood xylan was 2.369 mg/ml, and the 

Vmax was 2.142 U/mg protein (Figure 4.11). In spite of the narrow high specific activity of 

this enzyme toward natural xylan, the Km of this enzyme is similar to that of xylanases 

from other sources (Camacho and Aguilar, 2003; Araki et al., 1998; Gupta et al., 2000). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.11 Lineweaver-Burk plot of the enriched xylanase fraction from Alternaria 

alternata isolated PTRa9. The xylanase fraction was incubated with different 

concentrations of birch wood xylan (1.25-20 mg) as substrate. Data are represent as mean 

of three replicates + SE. 
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CHAPTER V 

 

CONCLUSION 

 
In this study, endophytic fungus isolated PTRa9 was determined that was the best 

isolate for xylanase production and it was identified that is Alternaria alternata isolated 

VC38 (GQ916545.1: 99%). Xylanase production, 2% (w/v) rice bran, 0.1% (w/v) 

(NH4)2SO4 on 4 days were best carbon source, best nitrogen source and best time have 

highest xylanase activity of 1.95 U/ml. Xylanase purification, 40-60% ammonium 

sulphate saturation has high specific xylanase activity of 4.70 U/mg protein, DEAE-

cellulose chromatography: unbound fraction has high specific xylanase activity of 10.70 

U/mg protein, Superdex TM 75 chromatography: fraction 17 has high specific xylanase 

activity of 161.1 U/mg protein. The purified xylanase appeared to be homogeneous since 

the enzyme migrated as a single sharp band of 54.8 kDa. Xylanase characterization, 

optimum temperature and thermal stability for xylanase activity was around 40oC for 30 

min and 40oC for 20 min, respectively, the relative xylanase activity was 124.52% and 

131.27%, respectively. The optimum pH was 5.0 at room temperature for 60 min, the 

relative xylanase activity was 112.82%, and it was maintained over 100% at pH 3.0-11.0 

for 60 min. The effect of various metal ions salt, the xylanase was strongly inhibited by 

almost type of whole concentration of metal ions, however, only 10 mM solution of 

CaCl2•2H2O was detected with not inhibition but not activation, the relative xylanase 

activity was 100.23%. For the kinetic analysis fungus PTRa9 xylanase exhibited Km of 

0.421 mg/ml and Vmax of 0.826 U/mg protein. 

 

 

 

 

 

 

 



REFERENCES 

 

Annison, G. and Choct, M. (1991). Antinutritive activities of cereal non-starch 

polysaccharides in broiler diets and strategies for minimizing their effects. Journal 

World’s Poultry Science. 47: 232 -242. 

Anthony, T., Chandra Raj, K., Rajendran, A. and Gunasekaran, P. (2005). High 

molecular weight cellulase free xylanase from alkali-tolerant Aspergillus fumigatus 

AR1. Enzyme and Microbial Technology. 32: 647–654. 

Araki, T., Inoue, N. and Morishita, T. (1998). Purification and characterization of beta-

1,3-xylanase from a marine bacterium Alcaligenes sp. XY -234. Journal of General 

and Applied Microbiology. 44: 269-274. 

Arnold, A.E., Mejía, L.C., Kyllo, D., Rojas, E.I., Maynard, Z., Robbins, N. and Herre, 

E.A. (2003). Fungal endophytes limit pathogen damage in a tropical tree. 

Proceedings of National Academy Sciences of the United States of American 100: 

15649-15654. 

Bacon, C.W., Porter, J.K., Robbins, J.D. and Luttrell, E.S. (1977). Eoichloe tvohina from 

toxic tall fescue grasses. ADDI. Environmental Microbiology. 34: 576-581.  

Bacon, C.W. and White, J.F. (2000). Microbial Endophytes. Marcel Dekker Inc., New 

York, USA. 

Bajpai, P. (1997). Micrbial xylanolytic enzyme system: properties and applications. 

Advances In Applied Microbiology. 43: 141-194. 

Balakrishnan, H., Dutta-Choudhry, M., Srinivasan, M.C. and Rele, M.V. (1992). 

Cellulase-free xylanase production from an alkalophilic Bacillus sp. World Journal 

of Microbiology and Biotechnology. 8: 627.  

Bataillon, M., Cardinali, A.P.N., Castillon, N. and Duchiron, F. (2000). Purification and 

characterization of a moderately thermostable xylanase from Bacillus sp. strain 

SPS-O. Enzyme and Microbial Technology. 26: 187-192. 

Beg, Q.K., Kapoor, M., Mahajan, L. and Hoondal, G.S. (2001). Microbial xylanases and 

their industrial applications: a review. Applied Microbiology and Biotechnology. 

56: 326-338. 



Bhat, M.K. and Hazlewood, G.P. (2001). Enzymology and other characteristics of 

cellulases and xylanases, in: M.R. Bedford, C.C. Partridge (Eds.), Enzymes in Farm 

Animal Nutrition, CAB International, Wallingford, UK: 11-60. 

Biely, P. (1985). Microbial xylanolytic systems. Trends in Biotechnology. 3: 286-290. 

Biely, P., Vrsanska, M., Tenkanen, M. and Kluepfel, D. (1997). Endo-b-1, 4-xylanase 

families: Differences in catalytic properties. Journal of Biotechnology. 57: 151–

166. 

Bilgrami, K.S. and Pandy, A.K. (1992). Industry and fermentation in introduction to 

biotechnology. (ES.K.Jain). 149-165. 

Bim, M.A. and Franco, T.T. (2000). Extraction in Aqueous Two Phase System of Kraft 

Pulp Bleaching. Journal of Chromatography B: Biomedical Sciences and 

Applications. 743: 349-356. 

Biswas, S.R., Jana, S.C., Mishra, A.K. and Nanda, G. (1990). Production, purification 

and characterization of xylanase from a hyperxylanolytic mutant of Aspergillus 

ochraceus. Biotechnology and Bioengineering. 35: 244–251. 

Burke, R.M. and Cairney, J.W.G. (1997). Purification and characterization of a p- 1,4-

endoxylanase from the ericoid mycorrhizal fungus Hymenoscyphus ericae. New 

Phytologist. 135: 345-352. 

Cai, J.M., Ke, W., Jie, Z. and Ruipen, R. (1998). Production, properties and application 

of xylanase from Aspergillus niger. A 3 Ann. N.Y. Acad. Sal. 864: 214-218. 

Cai, J.M., Ke, W., Zhow, Y., Jie, Z., Bang, J. and Ruipen, R. (1997). Production of 

xylanase by Penicillium sp. P1 using solid state fermentation. ShipinYu Fajio 

Gongye. 23(4): 30-33. 

Camacho, N.A. and Aguilar, G.O. (2003). Production, purification and characterization 

of low molecular mass xylanase from Aspergillus sp. and its application in baking. 

Applied Biochemistry and Biotechnology. 104: 159–172. 

Carmona, E.C., Marcia, R.B.B., Aline, A.P.K. and Jao, A.J. (1998). Purification and 

biochemical characterization of an endoxylanase from Aspergillus versicolor. 

FEMS Microbiology Letters. 166: 311-315. 

Carroll, G. (1988). Fungal endophytes in stems and leaves-from latent pathogen to 

mutualistic symbionts. Ecology 69: 2-9. 

49 



Cesar, T. and Mrsa, V. (1996). Purification and properties of xylanase produced by 

Thermomyces lanuginosus. Enzyme and Microbial Technology. 19: 289–296. 

Chandra Raj, K. and Chandra, T.S. (1996). Purification and characterization of xylanase 

from alkali-tolerant Aspergillus fischeri Fxn 1. FEMS Microbiology Letters. 145: 

457-461. 

Chang, M.M., Chou, T.Y.C. and Tsao, G.T. (1981). Structure, pretreatment and 

hydrolysis of cellulose. Advances in Biochemical Engineering Biotechnology. 20: 

15–42. 

Chen, C., Chen, J.L. and Lin, T.Y. (1997). Purification and characterization of a xylanase 

from Trichoderma longibrachiatum for xylooligosaccharide production. Enzyme 

and Microbial Technology. 21: 91-96. 

Chen, H., Jiang, Z., Gaigin, L., Zizheng, Y. and Shuzheng, Z. (1999). Screening of acidic 

xylanase producing strain and studies on its enzyme production condition. Acta 

Microbiologica Sinica. 39(4): 350-354 

Chen, H., Peiji, G. and Zunong, W. (1990). Screening of high yield xylanase producing 

strain and studies on its submerged fermentation conditions. Acta Microbial 

Science. 30(5): 351-357. 

Christakopoulos, P., Mamma, D., Nerinckx, W., Kekos, D., Macris, B. and Claeyssens 

(1996). Production and partial characterization of xylanase from Fusarium 

oxysporum. Bioresource Technology. 58: 115-119. 

Christakopoulos, P., Nerinckx, W., Kekos, D., Macris, B. and Claeyssens, M. (1996). 

Purification and characterization of two low molecular mass alkaline xylanases 

from Fusarium oxysporum F3. Journal of Biotechnology. 51: 181–189. 

Christov, L.P., Szakacs, G. and Balakrishnan, H. (1999). Production, partial 

characterization and use of fungal cellulase-free xylanases. Process Biochemistry. 

34: 511–517. 

Classen, H.L. and Bedford, M.R. (1991). The use of enzymes to improve the nutritive 

value of poultry feeds. In: Recent Advances in Animal Nutrition. 71 -79, (Gims, w., 

Buttereoth, P., Haresign, W., and Cole, D. Eds.). Boston. 

Clay, K. (1989). Clavicipitaceous endophytes of grasses: their potential as biocontrol 

agents. Mycological Research. 92: 1. 

50 



Coelho, G.D. and Carmona, E.C. (2003). Xylanolytic complex from Aspergillus 

giganteus: production and characterization. Journal of Basic Microbiology. 43(4): 

269-277. 

Collins, T., Gerday, C. and Feller, G. (2005). Xylanase, xylanase families and 

extremophilic xylanase. FEMS Microbiology Reviews. 29: 2-3. 

Collins, T., Hoyoux, A., Dutron, A., Georis, J., Genot, B., dauvrin, T., Arnaut, F., 

Gerday, C. and Feller, G. (2006). Use of glycoside hydrolase family 8 xylanases in 

baking. Journal of Cereal Science. 43: 79 – 84. 

Coral, G., Arikan, B., Unaldi, M.N. and Guvenmez, H. (2002). Some properties of crude 

carboxymethyl cellulase of Aspergillus niger Z10 wild-type strian. Turk. Journal of 

Biology. 26: 209-213. 

Costa-Ferreira, M., Dias, A., Maximo, C., Morgado, M.J., Sena-Martins, G. and Duarte, 

J.C. (1994). Xylanolytic enzyme production by an Aspergillus niger isolate. 

Applied Biochemistry and Biotechnology. 44(3): 231-242. 

Coughlan, M.P. and Hazlewood, G. (1993). β-1,4-D-Xylan-degrading enzyme systems. 

Biochemistry, molecular biology and applications. Biotechnology and Applied 

Biochemistry. 17: 259-289. 

Couri, S., Terzi, S.C., Gustavo, A., Pinto, S., Freitas, S.P. and Augusto, A.C. (2000). 

Hydrolytic enzyme production in solid-state fermentation by Aspergillus niger 

3T5B8. Process Biochemistry. 36: 255–261. 

Damasco, M.C.T., Andrade, C.M.M.C. and Pereira, N. (2000). Use of corn comb for 

endoxylanase production by thermophilic fungus Thermomyces lanuginosus IOC-

4145. Applied Biochemistry and Biotechnology. 84-86: 821-834. 

De Vries, R.P. and Visser, J. (2001). Aspergillus enzymes involved in degradation of 

plant cell wall polysaccharides. Microbiology and Molecular Biology Reviews. 65: 

497–522. 

Dervilly, G., Leclercq, C., Zimmermann, D., Roue, C., Thibault, J.F. and Saulnier, L. 

(2002). Isolation and characterization of high molar mass watersoluble 

arabinoxylans from barley and barley malt. Carbohydrate Polymers. 47: 143–149.  

Duarte, M.C.T., Silva, E.C., Gomes, I.M.B., Ponezi, A.N., Portugal, E.P., Vicente, J.R., 

Eudragit, S., Gawandi, P.V. and Kamal, M.V. (1999). Purification of Aspergillus 

51 



sp. Xylanase by precipitation with an anionic polymer. Process Biochemistry. 

34(6,7): 577-580. 

Elliott, I. (1996). Grain industry told to expand to meet needs. Feedstuffs. 18: 3. 

Eriksson, K.E. and Wood, T.M. (1985). Biodegradation of cellulose in biosynthesis and 

biodegradation of wood components. Higuchi, T. (Ed.), Academic Press, Orlando, 

Florida, USA. 469–503. 

Eudragit, S., Gawandi, P.V. and Kamat, M.V. (1999). Purification of Aspergillus sp 

xylanase by precipitation with anionic polymer process. Biochemistry. 34(6,7): 

577-580. 

Fadel, M. and Fouda, M.S. (1993). Physiological studies on xylanase production by 

Penicillium fumiculosum on some agricultural wastes. Entralbl Microbiology. 

184(4): 304-312. 

Fengxia, L., Mei, L., Zhaoxin, L., Xiaomei, B., Haizhen, Z. and Yi, W. (2008). 

Purification and characterization of xylanase from Aspergillus ficuum AF-98. 

Bioresource Technology. 99: 5938–5941. 

Ferriera, G., Boer, C.G. and Peralta, R.M. (1999). Production of xylanolytic enzymes by 

Aspergillus tamarii in solid state fermentation. FEMS Microbiology Letters. 173: 

335–339. 

Findlay, J.A., Buthelezi, S., Lavoie, R., Penarodriguez, L. and Miller, J.D. (1995). 

Bioactive isocoumarins and related metabolites from conifer endophytes. Journal of 

Natural Products. 58: 1759-1766.  

Findlay, J.A., Li, G.Q. and Johnson, J.A. (1997). Bioactive compounds from an 

endophytic fungus from eastern larch (Larix Zuricina) needles. Canadian Journal of 

Chemical. 75: 716-719. 

Findlay, J.A., Li, G.Q., Penner, P.E., and Miller, J.D. (1995). Novel diterpenoid insect 

toxins from a conifer endophyte. Journal of Natural Products. 58: 197-200. 

Friesen, O.D., Guenter, W., Marquardt, R.R. and Rotter, B.A. (1992). The effect of 

enzyme supplementation on the apparent metabolizable energy and nutrient 

digestibilities of wheat, barley, oats, and rye for the young broiler chick. Poultry 

Science. 71: 1710 – 1721. 

52 



Gallery, R.E., Dalling, J.W. and Arnold, A.E. (2007). Diversity, host affinity, and 

distribution of seed-infecting fungi: A case study with Cecropia. Ecology 88: 582-

588. 

Ganga, A., Ampar, Q., Salvador, V., Daniel, R., Andrew, M. and Franscisco, P. (1998). 

Heterologus production in Saccharomyces cerevisiae of different Aspergillus 

nidulans xylanase of potential interest in oenology. Journal of the Science of Food 

and Agriculture. 78(3): 315-320. 

Gasper, A., Cosson, T., Roque, C. and Thonart. (1997). Study on the production of a 

xylanolytic complex from Penicillium canescens 10-10c. Applied Biochemistry and 

Biotechnology. 67: 45-67. 

Gawande, P.V. and Kamat, M.Y. (1999). Production of Aspergillus xylanase by 

lignocellulosic waste fermentaion and its application. Journal of Applied 

Microbiology. 87: 511–519. 

Germaine, K., Keogh, E., Garcia-Cabellos, G., Borremans, B., van der Lelie, D., Barac, 

T., Oeyen, L., Vangronsveld, J., Moore, F.P., Moore, E.R.B., Campbell, C.D., 

Ryan, D. and Dowling, D.N. (2004). Colonisation of poplar trees by gfp expressing 

bacterial endophytes. FEMS Microbiology Ecology 48: 109-118. 

Gessesse, A. (1998). Purification and properties of two thermostable alkaline xylanase 

from alkaliphilic Bacillus species. Applied and Environmental Microbiology. 64: 

3533-3535. 

Gokhale, D.V., Patil, S.G. and Bastawade, K.D. (1991). Optimization of cellulose 

production by Aspergillus niger NCIM 1207 Applied Biochemistry and 

Biotechnology. 30(1): 99-110. 

Gokhale, D.V., Puntambekar, U.S. and Deobagkar, D.N. (1986). Biotechnology Letters. 

8: 137. 

Gokhale, D.V., Puntambekar, U.S., Deobagkar, D.N. and Peberdy, J.F. (1988). 

Production of cellulolytic enzymes by mutants of Aspergillus niger NCIM 1207. 

Enzyme and Microbial Technology. 10(7): 442-445. 

Gomes, D.J., Gomes, J. and Steiner, W. (1994). Production of highly thermostable 

xylanase by a wild strain of thermophilic fungus Thermoascus aurantiacus and 

partial characterization of the enzyme. Journal of Biotechnology. 37: 11-22. 

53 



Gouda, M.K. (2000). Purification and partial characterization of cellulase-free xylanase 

produced in solid state and submerged fermentation by Aspergillus tamarii. 

Advanced Food Science. 22(1/2): 31-37 

Goulart, A.J., Carmona, E.C. and Monti, R. (2005). Partial purification and properties of 

cellulose-free alkaline xylanase produced by Rhizopus stolonifer in sloid state 

fermentation. Brazilian Archives of Biology and Technology. 48(3): 327-333. 

Grajek, W. and Gervais, P. (1987). Influence of water activity on the enzyme 

biosynthesis and enzyme activities produced by Trichoderma viride TS in solid 

state fermentation. Enzyme and Microbial Technology. 9: 658–662. 

Grethlein, H.E. (1985). The effect of pore size distribution on the rate of enzymatic 

hydrolysis of cellulosic substrates. Biotechnology. 3: 155–160. 

Guo, L.D., Hyde, K.D. and Liew, E.C.Y. (2000). Identification of endophytic fungi from 

Livistona chinensis based on morphlogy and rDNA sequences. New Phytologist. 

147: 617-630. 

Gupta, S., Bhushan, B. and Hoondal, G.S. (2000). Isolation, purification and 

characterization of xylanase from Staphylococcus sp. SG-13 and its application in 

biobleaching of kraft pulp. Journal of Applied Microbiology. 88: 325-334. 

Haltrich, D., Nidetzky, B., Kulbe, K.D., Steiner, W. and Zupancic, S.C. (1996). 

Production of fungal xylanase. Bioresource Technology. 58: 137-161. 

Haq, I., Iqbal, S.H. and Qadeer, M.A. (1993). Production of xylanases and CMC 

cellulose by mould culture. Pakistan Journal of Biotechnology. 4(2): 403-409. 

Haq, I.U., Javed, M.H. and Khan, T.M. (2006). An innovative approach for 

hyperproduction of cellulolytic and hemicellulolytic enzymes by consortium of 

Aspergillus niger MSK-7 and Trichoderma viride MSK- 10. African Journal of 

Biotechnology. 5(8): 609-614. 

Haq, I., Khan, A., Butt, W.A., Ali, S. and Qadeer, M.A. (2002). Effect of nitrogen and 

carbon sources on xylanase production by mutant strain of Aspergillus niger 

GCBMX-45. Journal of Biological Science. 2(2): 143-144. 

Haq, I., Khan, A., Butt, W.A., Ali, S. and Qadeer, M.A. (2002). Enhanced production of 

xylanase by mutant strain of Aspergillus niger GCBMX-45 under solid state 

fermentation conditions. International Journal of Plant Science. 1(1): 22-27. 

54 



Harney, S.K., Edwards, F.S. and Allen, M.F. (1997). Identification of arbuscular 

mycorrhizal fungi from Artemisia californica using the polymerase chain reaction. 

Mycologia. 89: 547-550. 

Hata, K. and Futai, K. (1995). Endophytic fungi associated with healthy pine needles and 

needles infested by the pine needle gall midge, Thecodiplosis japonensis. Canadian 

Journal of Botany. 73: 384-390.  

Hata, K. and Futai, K. (1996). Variation in fungal endophyte populations in needles of 

the genus Pinus. Canadian Journal of Botany. 74: 103-114. 

Hata, K., Futai, K., and Tsuda, M. (1998). Seasonal and needle age-dependent changes of 

the endophytic mycobiota in Pinus thunbergii and Pinus dekjlora needles. Canadian 

Journal of Botany. 76: 245-250. 

Hawksworth, D.L., Kirk, P.M., Sutton, B.C., and Pegler, D.N. (1995). Ainsworth & 

Bisby’s dictionary qf the fungi, 8th ed. International Mycological Institute, CAB 

International, Egham  

Hazlewood, G.P. and Gilbert, H.J. (1993). Molecular biology of hemicellulases. In: 

Hemicelluloses and Hemicellulases, M.P. Coughlan, G.P. Hazlewood (Eds.), 

Portland Press, London, UK. 103–126. 

Henrissat, B. and Coutinho, P.M. (2001). Classification of glycoside hydrolases and 

glycosyltransferases from hyperthermophiles. Methods in Enzymology. 330: 183–

201. 

Hoq, M.M., Hempel, C. and Deckwer, W.D. (1994). Cellulase free xylanase by 

Thermomyces lanuginosus RT9; Effects of aeration, agitation and medium 

components on production. Journal of Biotechnology. 37(1): 49-58. 

Huang. (1991). Purification and characterization of an endoxylanase from Trichoderma 

koningii G-39. Journal of Biochemistry. 278: 329-333. 

Ilieva, S., Atanas, A., Adriana, P., Diliana, M., Rumiana, P. and Nadejda, P. (1995). 

Xylanase production by Aspergillus awamori k-1. Sv. Kliment Okhridski. Biology- 

Fak. 88(4): 63-68. 

Ismail, A.M.S. (1996). Utilization of orange peels for production of multienzyme 

complexes by some fungal strain. Egypt Process Biochemistry. 31(7): 645-650. 

55 



Ito, K., Ogasawara, H., Sugimoto, T. and Ishikawa, T. (2000). Purification and properties 

of acid stable xylanases from Aspergillus kawachii. Bioscience, Biotechnology and 

Biochemistry. 56: 547–550. 

Jeffries, T.W. (1996). Biochemistry and genetics of microbial xylanases. Current Opinion 

in Biotechnology. 7: 337–342. 

Ju, Y., Sacalis, J.N. and Still, C.C. (1998). Bioactive flavonoids from endophyte-infected 

blue grass (Poa ampla). Journal of Agricultural and Food Chemistry. 46: 3785-

3788. 

Kansoh, A.L. and Gammal, A. (2001). Xylanolytic activities of Streptomyces sp. 1, 

taxonomy production, partial purification and utilization of agricultural wastes. 

Acta Microbiology Immunology Hungary. 48: 39-52. 

Karnchanatat, A., Petsom, A., Sangvanich, P., Piapukiew, J., Whalley, A.J.S., Reynolds, 

C.D., Gadd, G.M. and Sihanonth, P. (2008). A novel thermostable endoglucanase 

from the wood-decaying fungus Daldinia eschscholzii (Ehrenb.:Fr.) Rehm. Enzyme 

and Microbial Technology. 42: 404-413. 

Kavita, T., Gupta, S. and Kuhad, R.C. (2002). Properties and application of a partially 

purified alkaline xylanase from an alkalophilic fungus Aspergillus nidulans KK-99. 

Bioresource Technology. 85: 39–42. 

Kenealy, R.W. and Jeffries, T.W. (2003). Enzyme processes for pulp and paper: a review 

of recent development in wood deterioration and preservation. In: Goodell B, 

Nicholas DD, Schultz TP (Eds.) 1953-IV. American Chemical Society Meeting, 

22st, San Diego, CA, V. Series, 2001. 210-228. 

Khandeparker, R.D.S. and Bhosle, N.B. (2006). Isolation, purification and 

characterization of the xylanase produced by Arthrobacter sp. MTCC 5214 when 

grown in solid-state fermentation. Enzyme and Microbial Technology. 39(4): 732-

742. 

Khanna, S. and Gauri, P. (1993). Regulation, purification and properties of xylanase from 

Cellulomonas fimi. Enzyme and Microbial Technology. 15: 990-995. 

Koga, H., Hirai, Y., Kanda, K., Tsukiboshi, T., and Uematsu, T. (1997). Successive 

transmission of resistance to bluegrass webworm to perennial ryegrass and tall 

56 



fescue plant by artificial inoculation with Acremonium endophytes. Japan 

Agricultural Research Quarterly. 31: 109-115. 

Kohli, V., Nigam, P., Singh, D. and Chaudhary, K. (2001). Thermostable, alkalophilic 

and cellulose free xylanase production by Thermoactinoyces thalophillus 

SubgroupC. Enzyme and Microbial Technology. 28(7-8): 606-610. 

Kohli, U., Nigam, P., Singh, D., and Chaudhary, K. (2001). Thermostable, alkalophilic 

and cellulase free xylanase production by Thermoactinomyces thalophilus subgroup 

C. Enzyme and Microbial Technology. 28: 606–610. 

Kormelink, F.J.M., Gruppen, H., Vietor, R.J. and Voragen, A.G.J. (1993). Mode of action 

of xylan degrading enzymes from Aspergillus awamori and alkaliextractable cereal 

arabinoxylans. Carbohydrate Research. 249: 355-367. 

Kulkarni, N., Shendye, A. and Rao, M. (1999). Molecular and biotechnological aspects of 

xylanases. FEMS Microbiol. Rev. 23: 411-456. 

Lacap, D.C., Hyde, K.D. and Liew, E.C.Y. (2003). An evaluation of the fungal 

‘morphotype’ concept based on ribosomal DNA sequences. Fungal Diversity. 12: 

53-66. 

Latif, F., Asgher, M., Saleem, R., Akram, A. and Legge, R. (2006). Purification and 

characterization of xylanase produced by Chaetomium thermophile NIBGE. World 

Journal of Microbiology and Biotechnology. 22: 45–50. 

Lee-Chiang, L., Chi-Yuang, C., Yen-Ru, P., Yaw-Kuen, L. and Jing-Jer, L. (2006). Rapid 

and selective isolation of β-xylosidase through an activitybased chemicalapproach. 

Journal of Biotechnology. 1: 197-202. 

Lee, S.F., Forsberg, C.W. and Gibbins, L.N. (1985). Xylanolytic activity of Clostridium 

acetobutylicum. Applied and Environmental Microbiology. 50: 1068-1076. 

Lewis, F.J. (1924). An endotropic fungus in the coniferae. Nature. 114: 860.  

Liu, C., Qiang, Y., Qing, Z. and Shi-yuan, Y. (1999). Study on the selective production of 

xylanase by Trichoderma reesei. Linchan Huaxue Yu Gongye. 19(2): 8-12. 

Lu, H., Zou, W.X., Meng, J.C., Hu, J. and Tan, R.X. (2000). New bioactive metabolites 

produced by Colletotrichum sp., an endophytic fungus in Artemisia annua. Plant 

Science. 151: 67-73. 

57 



Maheshwari, R., Bahadradwaj, G. and Bhat, M.K. (2000). Thermophilic fungi: Their 

physiology and enzymes. Microbiology and Molecular Biology Reviews. 64: 461–

488. 

Majewska-Sawka, A. and Nakashima, H. (2004). Endophyte transmission via seeds of 

Lolium perenne L.: immunodetection of fungal antigens. Fungal Genetics and 

Biology 41: 534-541. 

Mandels, M. (1985). Applications of cellulases. Biochem. Soc. Trans. 13: 414-416. 

Marquez, D., Giatti, C., Nelio, S.G., Costa, F., Aparecida, M. and Rosane, P. (1999). 

Influence of growth conditions on the production of xylanolytic enzymes by 

Aspergillus flavus. Journal of Basic Microbiology. 39(3): 155-160. 

McCleary, B.V. (2004). Problems in the measurement of Beta- xylanase, Beta – 

glucanase and alpha- amylase in feed enzymes and animal feeds. In: Proceedings of 

Second European Symposium on Feed Enzymes. (W. van Hortingsveldt, M. 

Hessing, J.P.vander lugt and W.A.C. Somers Eds), Noordwiskerhout , Netherlands. 

Medeiros, R.G., So!ner, M.L.A., Thome., J.A., Cacais, A.O.G., Estelles, R.S., Salles, 

B.C., Ferreira, H.M., Lucena Neto, S.A., Silva Jr., F.G. and Filho, E.X.F. (2000). 

The production of hemicellulases by aerobic fungi on medium containing residues 

of banana plant as substrate. Biotechnology Progress. 16: 522-524. 

Meijer, G. and Leuchtmann, A. (1999). Multistrain infections of the grass Brachypodium 

sylvaticum by its fungal endophyte Epichlo sylvatica. New Phytologist. 141: 355-

368. 

Mekkamol, S., Jonglaekha, N., Hywel-Jones, N.L. and Whalley, A.J.S. (1996). 

Endophytic fungi of teak in Thailand: a preliminary account. Biotechnology 

NEWS. 3: 4-5. 

Miller, G.L. (1959). Use of dinitrosalicyclic acid reagent for determination of reducing 

sugar. Analytical Chemistry. 31: 426-428. 

Mohagheghi, A. (1986). Isolation and characterization of acidothermus cellulolyticus: a 

new genus of thermophilic,cellulolytc bacteria. International Journal of Systematic 

Bacteriology. 36: 435-443. 

58 



Mohammadi, I.M. (2006). Agricultural waste management extension education 

(AWMEE.) The ultimate need for intellectual productivity. American Journal of 

Environmental Science. 2 (1): 10-14. 

Monti, R., Cardello, L., Custódio, M.F., Goulart, A.J., Sayama, A.H. and Contiero, J. 

(2003). Production and purification of an endo- 1,4-β-xylanase from Humicola 

grisea var. thermoidea by electroelution. Brazilian Journal of Microbiology. 34: 

124–128. 

Mora, F., Comtat, J., Barnoud, F., Pla, F. and Noe, P. (1986). Action of xylanases on 

chemical pulp fibers part-I investigations on cell-wall modifications. Journal of 

Wood Chemistry and Technology. 6: 147–165. 

Morakotkarn, D., Kawasaki, H. and Seki, T. (2007). Molecular diversity of 

bambooassociated fungi isolated from Japan. FEMS Microbiology Letters. 266: 10-

19. 

Okafor, U.A., Okochi, V.I., Onyegeme-okerenta, B.M. and Nwodo-Chinedu, S. (2007). 

Xylanase production by Aspergillus niger ANL 301 using agro– wastes. African 

Journal of Biotechnology. 6: 1710-1714. 

Paice, M.G. and Jurasek, L. (1984). Removing hemicellulose from pulps by specific 

enzymic hydrolysis. Journal of Wood Chemistry and Technology. 4: 187–198. 

Palma, M.B., Milagres, A.M.F., Prata, A.M.R. and Manicilha, D.I.M. (1996). Influence 

of aeration and agitation on xylanase production. Brazilian Process Journal of 

Biochemistry. 31(2): 141-145. 

Park, Y.S., Kang, S.W., Lee, J.S., Hong, S.I. and Kim, S.W. (2002). Xylanase production 

in solid state fermentation by Aspergillus niger mutant using statistical 

experimental designs. Applied Microbiology and Biotechnology. 58: 761–766. 

Patel, R.N., Grabski, A.C. and Jefries, T.W. (1994). Chromophore release from kraft by 

purified Srepmomices roseiscleroticus xylanase. Applied Microbiology and 

Biotechnology. 39: 405–412. 

Peralta, R.M., Terenzi, H.F. and Jorge, J.A. (1990). β-D-glycosidase activities of 

Humicola grisea var. thermoidea: biochemical and kinetic characterization of a 

multifunctional enzyme. Biochimica et Biophysica Acta. 1033: 243-249. 

59 



Petterson, D. and Aman, P. (1989). Enzyme supplementation of poultry diet containing 

rye and wheat. British Journal of Nutrition. 62:139–149. 

Pinaga, F., Fernandez-Espinor, M.T., Valles, S. and Roman, D. (1994). Xylanase 

production in Aspergillus nidulans. Induction and carbon catabolite repression. 

FEMS Microbiology Letters. 115: 319-324. 

Poorna, C.A. and Prema, P. (2007). Production of cellulase-free endoxylanase from novel 

alkalophilic thermotolerant Bacillus pumilus by solid-state fermentation and its 

application in wastepaper recycling. Bioresource Technology. 98: 485-490.  

Prade, R.A. (1995). Xylanases: from biology to biotechnology. Biotechnology and 

Genetic Engineering Reviews. 13: 100-131. 

Price, C.N. and Stevens, L. (1999). Enzyme technology: Fundamentals of precipitation 

with an anionic polymer, Eudrajit S100. Process Biochemistry. 34: 577-580. 

Promputtha, I., Jeewon, R., Lumyong, S., McKenzie, E.H.C. and Hyde, K.D. (2005). 

Ribosomal DNA fingerprinting in the identification of non sporulating endophytes 

from Magnolia liliifera (Magnoliaceae). Fungal Diversity. 20: 167-186. 

Queiroz, J.A., Tomaz, C.T. and Cabral, J.M.S. (2001). Hydrophobic interaction 

chromatography of proteins. Journal of Biotechnology. 87: 143-159. 

Qureshy, A.F., Khan, L.A. and Khanna, S. (2002). Cloning, regulation and purification of 

cellulase-free xylanase from Bacillus circulans Teri-42. Indian Journal of 

Microbiology. 42: 35-41. 

Reilly, P.J. (1981). Xylanases; Structure and Function. In: Trends in the Biology of 

Fermentation for Fuels and Chemicals. Hollaender, A. (Ed.), Plenum Press, New 

York, USA. pp. 111–129. 

Rodrigues, K.F., Hesse, M. and Werner, C. (2000). Antimicrobial activities of secondary 

metabolites produced by endophytic fungi from Spondias mombin. Journal of Basic 

Microbiology. 40: 261-267. 

Saikkonen, K., Wali, P., Helander, M. and Faeth, S.H. (2004). Evolution of 

endophyteplant symbioses. Trends in Plant Science 9: 275-280. 

Sardar, M., Roy, I. and Gupta, M.N. (2000). Simultaneous purification and 

immobilization of Aspergillus niger xylanase on the reversibly soluble polymer 

Eudragit TM L-100. Enzyme and Microbial Technology. 27: 672-679. 

60 



Sawarachorn, A. (1999). Production of fungal xylanases using agricultural waste by solid 

state fermentation. Journal of Scientific Research. 24(1): 13-20. 

Schmeisser, C., Steele, H. and Streit, W. (2007). Metagenomics, biotechnology with non-

culturable microbes. Applied Microbiology and Biotechnology. 75: 955-962. 

Schulz, B., Boyle, C., Draeger, S. and Römmert, A.K. (2002). Endophytic fungi: a source 

of novel biologically active secondary metabolites. Mycological Research 106: 996- 

1004. 

Senthilkumar, S.R., Ashokkumar, B., Chandra Raj, K. and Gunasekaran, P. (2005). 

Optimization of medium composition for alkali-stable xylanase production by 

Aspergillus fischeri Fxn 1 in solid-state fermentation using central composite rotary 

design. Bioresource Technology. 96: 1380–1386. 

Sette, L.D., Passarini, M.R.Z., Delarmelina, C., Salati, F. and Duarte, M.C.T. (2006). 

Molecular characterization and antimicrobial activity of endophytic fungi from 

coffee plants. World Journal of Microbiology and Biotechnology. 22: 1185-1195. 

Seyis, I. and Aksoz, N. (2005). Effect of carbon and nitrogen sources on xylanase 

production by Trichoderma harzianum 1073 D3. International Biodeterioration and 

Biodegradation. 55: 115–119. 

Shah, A.R. and Madamwar, D. (2005). Xylanase production by newly isolated 

Aspergillus foetidus strain and its characterization. Process Biochemistry. 40: 1763-

1771. 

Shikata, S. and Nisizawa, K. (1975). Purification and properties of an exo-cellulase 

component of novel type from Trichoderma viride. Journal of Biochemistry. 78: 

499–512. 

Si, J.Q. (1997). Synergistic effect of enzymes for bread baking. Cereal Food World. 42: 

802–807. 

Siedenberg, D., Gerlach, S.R., Czwalinna, A., Schueyer, K., Guiseppin, M.L.F. and 

Hunik, J. (1997). The production of xylanase by Aspergillus awamori on complex 

medium in stirred tank an airlift tower loop reactors. Journal of Biotechnology. 

56(3): 205-216. 

Sinner, M., Parameswaran, N. and Dietrichs, H.H. (1979). Degradation of delignified 

spruce wood by purified manganese, xylanase, and cellulases. In: Hydrolysis of 

61 



Cellulose; Mechanism of Enzymatic and Acid Catalysis, Advances in Chemistry 

Series No. 181. Brown Jr, R.D., L. Jurassek (Eds.), American Chemical Society, 

Washington DC, USA. pp. 303–329. 

Srinivasan, M.C. and Rele, M.V. (1992). Fifth International Conference on 

Biotechnology in the Pulp and Paper Industry, Kyoto. 106 – 107. 

Steiner, W., Lafferty, R.M., Gomes, I. and Esterbauer, H. (1987). Studies on wild type 

strain of Schizophyllum commune: Cellulase and xylanase production and formation 

of extracellular polysaccharide schizophyllan. Biotechnology and Bioengineering. 

30: 169-178. 

Strobel, G.A. (2003). Endophytes as sources of bioactive products. Microbes and 

Infection 5: 535-544. 

Strobel, G.A., Torczynski, R. and Bollon, A. (1997). Acremonium sp. - a leucinostatin A 

producing endophyte of European yew (Taxus baccatu). Plant Science. 128: 97-

108. 

Subramaniyan, S. and Prema, P. (1998). Optimization of cultural parameters for the 

synthesis of endoxylanase from Bacillus SSP- 34. Journal of Scientific and 

Industrial Research. 57: 611–616. 

Subramaniyan, S. and Prema, P. (2002). Biotechnology of microbial xylanases: 

Enzymology, molecular biology and application. Critical Reviews in 

Biotechnology. 22: 33-64 

Tedersoo, L., Hansen, K., Perry, B.A. and Kjøller, R. (2006). Molecular and 

morphological diversity of pezizalean ectomycorrhiza. New Phytologist. 170: 581-

596. 

Tejesvi, M.V., Kini, K.R., Prakash, H.S., Subbiah, V. and Shetty, H.S. (2007). Genetic 

diversity and antifungal activity of species of Pestalotiopsis isolated as endophytes 

from medicinal plants. Fungal Diversity 24: 37-54. 

Tenkanen, H., Puls, J. and Poutanen, K. (1992). Two major xylanases of Trichoderma 

reesei. Enzyme and Microbial Technology. 14: 566–574. 

Timell, T.E. (1967). Recent progress in chemistry of wood hemicellulose. Wood Science 

and Technology. 1: 65. 

62 



Tosil, L.R.O., Terenzi, H.F. and Jorge, J.A. (1993). Purification and characterization of 

an extracellular gluco-amylase from the thermophilic fungus Humicola grisea var. 

thermoidea. Canadian Journal of Microbiology. 39: 846-852. 

Uhlig, H. (1998). Industrial Enzymes and Their Applications. John Wiley and Sons, 

Incorporated New York. 435. 

Veluz, G., Taksuo, K., Hiroshi, M. and Yusaku, F. (1999). Screening Rhizopus sp. J. Fac. 

Agric. 43(3-4): 419-423. 

Viikari, L., Kantelinen, A., Sundquist, J. and Linko, M. (1994). Xylanases in bleaching: 

from an idea to the industry. FEMS Microbiology Reviews. 13: 335-350. 

Wang, C.H., Hangling, Y., Haiwan, H. and Honghai, G. (1998). Xylanase production and 

its application in degradation of hemicelluloses materials. International Conference 

on Biotechnology in the Pulp and Paper Industry. 7: 65-67 

Won Lee, J., Yeong Park, J., Kwon, M., and Gyu Choi, I. (2009). Purification and 

characterization of a thermostable xylanase from the brown-rot fungus Laetiporus 

sulphureus. Bioscience and Bioengineering. 1: 33-37. 

Wong, K.K.Y., Deverell, K.F., Mackie, K.L., Clark, T.A. and Donaldson, L.A. (1988). 

The relationship between fiber porosity and cellulose digestibility in steam 

exploded Pinus radiate. Biotechnology and Bioengineering. 31: 447–456. 

Wong, K.K.Y. and Saddler, N.J. (1992). Trichoderma xylanases, their properties and  

applications. Critical Reviews in Biotechnology. 12: 413-435. 

Wong, K.K.Y. and Saddler, N.J. (1993). Application of hemicellulases in the food, feed, 

and pulp and paper industries, In: Coughlan, M.P. and Hazlewood, G.P. (eds.): 

Hemicelluloses and Hemicellulases. Portland Press, London: 127-143. 

Wong, K.K.Y., Tan, L.U.L. and Saddler, N.J. (1988). Multiplicity of β-1,4-xylanase in 

microorganisms: functions and applications. Microbiology Reviews. 52: 305-317. 

Wu, K., Jingmin, C., Jie, Z., Bin, L., Tu, M., Tao, W. and Renrui, P. (2000). Substrate 

specificities of xylanases from Aspergillus niger and its relationship of 

xyloligosaccharide production. Quanquo Gongye Weishengwu Xinxi Zhongxin., 

30: 18-20. 

63 



Xiong, H., Weymarn, N., Turunen, O., Leisola, M. and Pastinen, O. (2005). Xylanase 

production by Trichoderma reesei Rut C-30 grown on Larabinose- rich plant 

hydrolysates. Bioresource Technology. 96: 753-759. 

Zhang, H.W., Song, Y.C. and Tan, R.X. (2006). Biology and chemistry of endophytes. 

Natural Product Reports 23: 753-771. 

Zhang, Z., Marquardt, R.R., Wang, G., Guenter, W., Crow, G.H., Han, Z. and Bedford, 

M.R. (1996). A simple model for predicting the response of chicks to dietary 

enzyme supplementation. Journal of Animal Science. 74: 394-402. 

Zhou, Z., Miwa, M., and Hogetsu, T. (1999). Analysis of genetic structure of a Suillus 

grevillei population in a Larix kaempferi stand by polymorphism of inter-simple 

sequence repeat (ISSR). New Phytologist. 144: 55- 63. 

Zimmermann, A.L.S., Terenzi, H.F. and Jorge, J.A. (1990). Purification and properties of 

extracellular conidial trehalase from Humicola grisea var. thermoidea. Biochimica 

et Biophysica Acta. 1036: 41-46. 

Zou, W.X., Meng, J.C., Lu, H., Chen, G.X., Shi, G.X., Zhang, T.Y. and Tan, R.X. 

(2000). Metabolites of Colletotrichum gloeosporidies, an endophytic fungus in 

Artemisia mongolica. Journal of Natural Products 63: 1529-1530. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

64 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDICES 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



APPENDIX A 

 

The media were prepared by sterilization in the autoclave at 121 oC for 15 minutes. 

 

Potato Dextrose Agar (PDA) 

Potato                   200 gram 

Glucose                20   gram 

Agar                     20   gram 

Distilled water     1      liter  

Boil 200 g of peels, dried potato for 1 hr in 1000 ml. of distilled water. Filter, and make 

up the filtrate to one liter. Add the glucose and agar and dissolve by streaming. 

 

Selective xylan agar 

Di-potassium Hydrogen Phosphate (K2HPO4)    2    gram 

Potassium Di-hydrogen Phosphate (KH2PO4)    2    gram 

Ammonium Nitrate (NH4NO3)                          2    gram 

Magnesium Sulfate (MgSO4)                            0.6  gram 

Calcium Chloride (CaCl2)                                 0.5  gram 

Birch wood xylan                                              10  gram 

Agar                                                                   20  gram 

Distilled water                                                   1 liter 

 

Selective xylan broth 

Di-potassium Hydrogen Phosphate (K2HPO4)    2    gram 

Potassium Di-hydrogen Phosphate (KH2PO4)    2    gram 

Ammonium Nitrate (NH4NO3)                          2    gram 

Magnesium Sulfate (MgSO4)                            0.6  gram 

Calcium Chloride (CaCl2)                                 0.5  gram 

Birch wood xylan                                              10  gram 

Distilled water                                                   1 liter  
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Modified basal medium (Carbon sources affect the production of xylanase) 

Dipotassium Hydrogen Phosphate (K2HPO4)    2    gram 

Potassium Dihydrogen Phosphate (KH2PO4)    2    gram 

Ammonium Nitrate (NH4NO3)                          2    gram 

Magnesium Sulfate (MgSO4)                            0.6  gram 

Calcium Chloride (CaCl2)                                 0.5  gram 

Distilled water                                                   1 liter 

Table 1A Various carbon sources in modified basal medium 

Carbon sources 0.5% 1.0% 2.0% 

Chaff 

Bagasse 

Rice bran 

Rice straw 

Sawdust 

5 g/L 10 g/L 20 g/L 
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Modified basal medium (Nitrogen sources affect the production of xylanase) 

Dipotassium Hydrogen Phosphate (K2HPO4)    2    gram 

Potassium Dihydrogen Phosphate (KH2PO4)    2    gram 

Magnesium Sulfate (MgSO4)                            0.6  gram 

Calcium Chloride (CaCl2)                                 0.5  gram 

Best of carbon source and carbon concentration  

Distilled water                                                   1 liter 

Table 2A Various nitrogen sources in modified basal medium 

Nitrogen sources  0.1% 0.2% 0.5% 

Ammonium Nitrate, NH4NO3 

Ammonium Sulfate, (NH4)2SO4 

di-Ammonium Hydrogen Phosphate, (NH4)2HPO4

Ammonium Chloride, NH4Cl 

Ammonium Persulfate, (NH4)2S2O8 

Peptone 

Yeast 

Urea 

Soybean 

Corn steep  

1 g/L 2 g/L 5 g/L 
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APPENDIX B 

 

Xylanase activity determination by DNS method 

Solutions 

1. 20 mM sodium acetate buffer pH 5.0 

Sodium acetate (CH3COONa•3H2O)                    2.7218 gram 

Distilled water                                                       1          liter 

After thorough mixing, the pH is adjusted to 5.0 with the acetic acid. 

2. 1% Xylan in 20 mM sodium acetate buffer pH 5.0 

Xylan                                                                 1     gram 

20 mM sodium acetate buffer pH 5.0               100 millilitre 

3. 1% Dinitrosalicylic Acid Reagent Solution 

Dinitrosalicylic Acid (DNS)          10 gram 

Phenol                                            2   gram 

Sodium sulfite (Na2SO3)               0.5 gram 

Sodium hydroxide (NaOH)           10 gram 

Distilled water                               1   liter 

4. 40% Potassium sodium tartrate solution  

Potassium sodium tartrate (KNaC4H4O6·4H2O)   40   gram 

Distilled water                                                       100 millilitre 

Assay 

1. Xylanase        250 µl 

20 mM sodium acetate buffer pH 5.0    250 µl 

1% Xylan in 20 mM sodium acetate buffer pH 5.0  500 µl 

Mixed together in tubes using vertex  

2. The mixture was incubated in a water bath at 37°C for 15 min and it was stopped 

the reaction by placing the tubes on ice for 5 min.  

3. Centrifuge at 10,000 rpm for 30 min at 4oC 

4. Only 500 µl of the mixture was already centrifuged, reacted with 500 µl of 1% 

Dinitrosalicylic Acid (DNS) in boiling water for 15 min and it was stopped the 

reaction by placing the tubes on ice for 5 min.  
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5. Add 150 µl of 40% Potassium sodium tartrate in tubes. It was mixed together 

using vertex 

6. Only 200 µl of the mixture was pipetted  in 96 well microtiter plate then it was 

measured absorbance at 575 nm 

 

Protein concentration determination by Bradford method 

Solutions 

1. Bradford Stock solution 

95% ethanol                  100   millilitre 

88% phosphoric acid     200   millilitre 

Brillant Blue G              350   milligram 

2. Bradford working buffer 

Bradford Stock solution   30   millilitre 

95% ethanol                     15   millilitre 

88% phosphoric acid       30    millilitre 

Distilled water                 425  millilitre 

* Store the solution in a tightly stoppered brown glass bottle at room temperature. 

   Before use, filtered through Whatman No.1 paper into brown glass bottle. 

Assay 

1. Pipette 100µl protein solution (xylanase) into tube. 

2. Add 1 ml bradford working buffer and vertex. 

3. Read the absorbance at 595 nm (UV) for each of the samples after 2 minutes but 

before 1 hour, using the sample without BSA as the blank.  
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Preparation for denaturing polyacrylamide gel electrophoresis 

Stock solutions 

1. 2 M Tris-HCl (pH 8.8)  

Tris (hydroxymethyl)-aminomethane     24.2 g 

Adjusted pH to 8.8 with 1 M HCl and adjusted volume to 100 ml with 

distilled   water 

2. 1 M Tris-HCl (pH 6.8) 

Tris (hydroxymethyl)-aminomethane     12.1 g 

Adjusted pH to 6.8 with 1 M HCl and adjusted volume to 100 ml with 

distilled water. 

3. 10% SDS (w/v) 

Sodium dodecyl sulfate (SDS)       10   g 

4. 50% Glycerol (w/v) 

100% Glycerol         50 ml 

Added 50 ml of distilled water 

5. 1% Bromophenol blue (w/v) 

Bromophenol blue        100 mg 

Brought to 10 ml with distilled water and stirred until dissolved. 

Filtration will remove aggregated dye. 

Working solution 

1. Solution A (30% (w/v) acrylamide, 0.8% (w/v) bis-acrylamide) 

Acrylamide       29.2    g 

N, N-methylene-bis-acrylamide       0.8    g 

Adjust volume to 100 ml with distilled water 

2. Solution B (1.5 M Tris-HCl pH 8.8, 0.4% SDS) 

2 M Tris-HCl (pH 8.8)       75   ml 

10% SDS         4    ml 

Distilled water       21   ml 

3. Solution C (0.5 M Tris-HCl pH 6.8, 0.4% SDS) 

1 M Tris-HCl (pH 6.8)        50   ml 

10% SDS          4    ml 
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Distilled water        46   ml 

4. 10% Ammonium persulfate 

Ammonium persulfate      0.5   g 

Distilled water         5   ml 

5. Electrophoresis buffer (25 mM Tris, 192 mM glycine, 0.1% SDS) 

Tris (hydroxymethyl)-aminomethane          3 g 

Glycine         14.4 g 

SDS             1   g 

Dissolved in distilled water to 1 litre without pH adjustment  

(final pH should be 8.3) 

6. 5x sample buffer (60 mM Tris-HCl pH 6.8, 25% glycerol, 2% SDS, 0.1% 

bromophenol blue, 14.4 mM 2-mercaptoethanol) 

1 M Tris-HCl (pH 6.8)      0.6   ml   

Glycerol        5      ml 

10% SDS        2      ml 

1% Bromophenol blue      1      ml 

2-mercaptoethanol              0.5   ml 

Distilled water       0.9   ml 

SDS-PAGE 

1. 15% Separating gel 

Solution A        10.0 ml 

Solution B          5.0 ml 

Distilled water         5.0    ml 

10% Ammonium persulfate     100     µl 

TEMED        10       µl 

2. 5.0% Stacking gel 

Solution A                 0.67    ml 

Solution B        1.0      ml 

Distilled water       2.3    ml 

10% Ammonium persulfate     30    µl 

TEMED        5.0       µ 
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APPENDIX C 

 

Standard curve of xylose by DNS method 

Preparation of 10 mg/ml xylose 

Xylose                              0.1     gram 

Distilled water                 10      millilitre 

Preparation of 1 mg/ml xylose 

10 mg/ml xylose            100     µl 

Distilled water               900     µl 

Table 1C Preparation of standard curve of xylose 

1 mg/ml xylose (µl) Distilled water (µl) [xylose] µg/ml 

0 100 0 

10 90 100 

20 80 200 

30 70 300 

40 60 400 

50 50 500 

60 40 600 

70 30 700 

80 20 800 

90 10 900 

100 0 1000 
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Figure 1C Standard curve of xylose 
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Standard curve of Bovine Serum Albumin (BSA) by Bradford method 

Preparation of 10 mg/ml BSA 

BSA                                 0.1     gram 

Distilled water                 10      millilitre 

Preparation of 1 mg/ml BSA 

10 mg/ml BSA               100    µl 

Distilled water               900     µl 

Table 2C Preparation of standard curve of BSA 

1 mg/ml BSA (µl) Distilled water (µl) [BSA] mg/ml

0 100 0 

2.5 97.5 0.025 

5.0 95.0 0.050 

7.5 92.5 0.075 

10.0 90.0 0.100 

12.5 87.5 0.125 

15.0 85.0 0.150 

17.5 82.5 0.175 

20.0 80.0 0.200 

22.5 77.5 0.225 

25.0 75.0 0.250 

27.5 72.5 0.275 

30.0 70.0 0.300 

 

 

 

75 



 

Figure 2C Standard curve of protein 
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APPENDIX D 

Calculation of xylanase activity (U/ml) 

Equation of xylose standard curve:  y = 0.0019x - 0.0009 

              y = Absorbance (575 nm) 

              x = (y + 0.0009)/ 0.0019  

                                                             = Concentration of xylose (µg/ml) 

 

Concentration of xylose (µg/ml)* total volume (ml)   = ∆ µg 

∆ µg / molecular mass of xylose (g/mol)    = □ µmol 

□ µmol / total time (min)           = ○ µmol / min 

 

Xylanase A µl xylanase activity is       ○      µmol / min 

Xylanase 1000 µl xylanase activity is       (○*1000)/A    µmol / min / ml 

          =      (○*1000)/A    U / ml 

For example  

Equation of xylose standard curve:        y = 0.0019x - 0.0009 

     3.933 = 0.0019x - 0.0009 

            x = 2070.47 µg/ml 

 

(2070.47 µg/ml)* 1.15 ml = 2381.04 µg 

(2381.04 µg) / (150 g/mol)     = 15.87 µmol 

(15.87 µmol) / 15 min  = 1.058 µmol/min 

 

Xylanase 250 µl xylanase activity is      1.058                    µmol / min 

Xylanase 1000 µl xylanase activity is      (1.058*1000)/250    µmol / min / ml 

          =      4.23    U / ml 
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Calculation of specific xylanase activity (U/mg protein) 

Equation of protein standard curve:  y = 1.5577x + 0.0323 

               y = Absorbance (595 nm) 

               x = (y - 0.0323)/ 1.5577  

                                                              = Concentration of BSA (mg) 

 

Xylanase A µl xylanase activity is       x      mg 

Xylanase 1000 µl xylanase activity is       (x*1000)/A    mg/ml  

  

Xylanase activity (U/ml) / ((x*1000)/A (mg/ml)) = Specific xylanase activity (U/ mg 

protein) 

 

For example  

Equation of protein standard curve:         y = 1.5577x + 0.0323 

               0.174 = 1.5577x + 0.0323 

                      x = 0.091 mg 

 

Xylanase 100 µl xylanase activity is       0.091   mg 

Xylanase 1000 µl xylanase activity is       (0.091*1000)/100   mg/ml 

          =           0.908 mg/ml 

(4.23 U / ml) / (0.908 mg/ml)                  =           4.66 U/ mg protein 
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