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ABSTRACT 
 
 The highest xylanase level produced by Trichoderma reesei F418 via solid state fermentation system using 
alkali-pretreated rice straw was recorded at the 4th day of incubation. Three xylanase isoenzymes are purified to 
homogeneity and have molecular weights of 50, 31 and 30 kDa, respectively as determined by SDS-PAGE. 
They have optimum pH at 5.5 and optimum temperature for activity and stability at 50oC. They showed high 
specificity towards xylans and hardly hydrolyze filter paper and carboxymethyl cellulose. They were activated 
by cystein-HCl, DTT and significantly inhibited by Cu2+, PMSF and p-HMB, this could be due to the 
involvement of serine/or cysteine residues in the catalytic process. They retained 70% of their activities upon 
storage for more than six months at room temperature, refrigerator and deep freezer. Such properties made the 
enzymes attractive for industrial applications as biobleaching in paper and pulp industries. 
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Introduction 
 
 Xylan is the major renewable constituent of hemicellulosic polysaccharide of plant cell walls, representing 
up to 30-35% of the total dry weight. Xylanases (endo-1,4-β-xylanase; EC 3.2.1.8) catalyze the hydrolysis of the 
insoluble xylan backbone into soluble xylo-oligosaccharides. The demand for xylanase has been increasing 
considerably because of its potential industrial application which includes clarification of juices, improvement 
of the nutritional value of animal feed stock, production of oligosaccharides, and facilitation of the release of 
lignin from the pulp (Graminha et al., 2008; Knob and Carmona, 2009; Prakash et al., 2011). The later 
application requires the use of cellulase-free xylanases that are very specific for the hydrolysis of hemicelluloses 
in order to preserve cellular structure during the biopulping process (Bajpai, 1999; Knob et al., 2009). 
 Cellulase- free xylanases are important in paper and pulp industry as alternatives to the use of toxic 
chlorinated compounds (Sanghi et al., 2009). Xylanases have been widely reported to improve the effectiveness 
of conventional bleaching chemicals in removing lignin from hardwood and softwood kraft pulps (Bajpai, 1999; 
Sanghi et al., 2009). For the last two decades the bleaching of pulp has become an issue of great concern, 
primarily because of the environmental hazards caused by the release of the adsorbable organic halogens and 
due to increasing public awareness (Haltrich et al., 1996; Beg et al., 2001). 
 Rice straw (RS), is the major agricultural by-product, produced worldwide in enormous quantities and most 
of such waste material is disposed of by burning in situ causing global environment and health risks implications 
(Pathak et al., 2006). The management of such residues effectively and economically must be given utmost 
priority in the country for reducing the detrimental impact of such waste to the environment and for production 
of useful raw materials of industrially commercial potentials. 
 A variety of microorganisms, including bacteria and filamentous fungi have been described for xylanase 
production from different agro-industrial residues as the carbon source via solid state fermentation (SSF) 
(Haltrich et al., 1996; Gonzalez et al., 2003; Polizeli et al., 2005; Bajpai, 2009; Knob et al., 2009; Prakash et al., 
2011). Trichoderma, the well-known soil borne filamentous fungus, exhibits good capability of biomass 
degradation amongst numerous microorganisms. Most Trichoderma species produce a complex system of 
xylan-degrading enzymes and are good candidates as endoxylanase sources (Rezende et al., 2002; Franco et al., 
2004; Pang et al., 2006; Chen et al., 2009).  
 Fungal and bacterial xylanases have been purified to homogeneity and differ widely from each other in their 
physicochemical properties. Cellulase - free xylanases have been purified and characterized from Ascomycete 
Thielavia terrestris (Gilbert et al., 1992), Aspergillus niveus RS2 (Sudan and Bajaj, 2007), Acrophialophora 
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nainiana (Cardoso and Filho, 2003) and from different species of Bacillus (Ayyachamy and Vatsala, 2007; 
Knob and Carmona, 2009).  
 In our previous work, different species and strains of Trichoderma have been screened for xylanase 
production by SSF using RS as the main carbon source. The optimum culture conditions for xylanase production 
including the effect of the moisture content, type of the culture medium, pH, temperature, different treatments 
for RS have been estimated. We have concluded that Trichoderma reesei F418 exhibits a major potential for 
xylanase production using alkaline pretreated RS as carbon source under the specified optimized culture 
conditions (Mohamed et al., 2013). Purification and characterization of the individual isoenzymes improve our 
understanding of their biochemical properties, structure and catalytic performance. 
 Therefore, this report will complement our previous work. Hence, the objectives of the present study are 
estimation the maximum time for xylanase production under the pre-optimized growth conditions by 
Trichoderma reesei F418 under SSF using alkali- pretreated RS as the main carbon source, purification of three 
predominant xylanase isoenzymes to homogeneity and comparing their physicochemical characteristics with 
those reported for fungal and bacterial xylanases. 
 
Materials and methods 
 
Raw material: 
 
 Rice straw (RS) was obtained from Kalubia governorate in dry form, and milled in a hammer mill to pass 
through a 0.75 mm screen before use.  Alkali treated RS was prepared according to Mohamed et al. (2013). RS 
was soaked in 4M NaOH for 1 h, washed thoroughly with tap water until pH reached 6.5 and dried in oven at 
60oC until constant weight. 
 
Microbial growth conditions: 
 
 The fungus Trichoderma reesei F418 was obtained from Microbial Chemistry Dept, National Research 
Centre, Cairo, Egypt, cultivated and maintained on slants of potato dextrose agar (PDA 4.3) (potato 20%, 
dextrose 2%, and agar 2%). The prepared medium was transferred to cotton plugged test tubes and autoclaved at 
121oC for 30 min under 1.1 kg/cm2 pressures. After cooling, the PDA slants were inoculated with the mother 
culture of the organism and incubated at 28oC for 7 days to allow the spore to germinate. The fungus was 
maintained, kept at 4oC prior to use and sub cultured every three months. Under sterile conditions, 10 ml of 
sterile distilled water was added to the tubes containing the spore culture. After scraping the surface of PDA, the 
spore suspension was transferred to a tube and the spores were counted in a Neubauer chamber.  
 
Preparation of xylanase crude extract: 
 
 Alkali treated RS was used as solid substrate for culture. Erlenmeyer flask (50 ml) containing 1.0 gm of 
alkali treated RS as carbon source and moistened with the modified Toyama's mineral salt solution as to give the 
desired moisture content (89%) according to Mohamed et al. (2013). The liquid medium had the following 
composition (g/L): (NH4) 2SO4 4.0, KH2PO4 5.0, CaCl2 0.3 and MgSO4.7H2O 0.40. The moistening medium was 
also supplemented with trace elements consisting of (mg/L): FeSO4.7H2O 0.005, MnSO4.4H2O 0.0016, 
ZnSO4.7H2O 0.0014 and CoCl2.6H2O 0.002, 10% (V/V) of Tween 80 and 6.0% peptone. The pH of the medium 
was measured and adjusted to 6.5. The medium was then autoclaved for 60 min at 121oC under 1.1 kg/cm2 
pressures. After cooling, the flasks were inoculated with 1 ml of spore suspension containing 107 spores per 
gram substrate and incubated at 28oC. The flasks were gently tapped intermittently to mix the contents. 
 
Effect of incubation time on xylanase level: 
 
 For tracking the effect of time course on xylanase production, culture flasks as previously described were 
removed at different time intervals from zero to 8-days of incubation, followed by enzyme extraction.  
 
Enzyme extraction: 
 
 After incubation, at the desired intervals, 10 ml of 50 mM sodium acetate buffer, pH 5.5 was added to each 
flask and the mixture was shaken for 15 min at 60 Oscillations min-1 at room temperature. Solids were separated 
by filtration and this extraction was repeated four times. The four supernatants were pooled, centrifuged at 
10,000Xg for 10 min at 4oC, designated as cell-free supernatant and stored at -20oC until used. 
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Xylanase assay and protein determination: 
 
 Xylanase activity was routinely assayed by a modification of Bailey et al. (1992) method. The reaction 
mixture contains in a 0.5 ml: 50 mM sodium acetate buffer, pH 5.5, 5 mg birchwood xylan and appropriate 
dilution of the enzyme. After 30 min of incubation at 37oC, the reducing sugar released in the reaction mixture 
was measured by 3, 5-dinitrosalicylic acid (DNS) method. One unit (IU) of xylanase activity was defined as the 
amount of enzyme that released 1 µmol of xylose per min under standard assay conditions. Protein content was 
determined with Coomassie brilliant blue G-250 dye using bovine serum albumin as a standard (Bradford, 
1976). 
 
Purification of xylanase isoenzymes: 
 
 Unless otherwise stated all steps were performed at 4-7ºC. Solid ammonium sulfate was added slowly to the 
cell-free supernatant with continuous stirring and cooling to a final concentration of 20% (W/V). The mixture 
was stirred for 15 min and the precipitate (AI) was collected by centrifugation at 15,000Xg for 15 min at 4oC. 
The ammonium sulfate concentration of the supernatant was increased to 85% with constant stirring and cooling 
for 30 min and left for 3 hrs in an ice bath. The precipitate (AII) was recovered by centrifugation at 15,000Xg for 
15 min at 4oC and dissolved in 2 ml of 50 mM acetate buffer, pH 5.5. It is applied on a Sephacryl S-300 column 
(150 X 1.6 cm i.d.) pre-equilibrated with 50 mM acetate buffer, pH 5.5. Sephacryl S-300 fractions SI having the 
highest xylanase activity were pooled and applied on a DEAE-Sepharose column (15 x 1.6 cm i.d.) pre-
equilibrated with 50 mM acetate buffer, pH 5.5. The adsorbed materials were eluted with a stepwise gradient of 
NaCl ranging from 0.0 to 0.5 M NaCl at a flow rate of 60 ml/h. Fractions exhibiting xylanase activity were 
eluted with 0.2, 0.3 and 0.4 M NaCl and designated as XI, XII, and XIII, respectively. DEAE-Sepharose fractions 
having the highest xylanase activities were pooled and subjected for enzyme characterization. 
 
Polyacyrlamide gel electrophoresis(PAGE): 
 
 For examining the purity of xylanase isoenzymes, PAGE-electrophoresis under non-denaturing conditions 
was performed in 10% (W/V) acrylamide slab gel according to Davis (1964) using a Tris-glycine buffer, pH 8.3. 
The slab gel was carried out using BIO-Rad MINI PROTEAN apparatus. Proteins were stained with Coomassie 
brilliant blue R-250. 
 
Molecular weight determination: 
 
 The molecular weights of T. reesei xylanases XI, XII, and XIII were estimated by sodium dodecyl sulphate 
polyacrylamide gel electrophoresis (SDS-PAGE) [25].  The protein samples were heated at 100oC with sample 
buffer for 5 min before loading. The relative molecular weights of the isoenzymes were estimated using SDS-
denatured standard proteins.  
 
Replication: 
 
 The data reported herein for determining xylanase activities are the means of values derived from three 
separate experiments ± standard error. 
 
Results and discussion 
 
Effect of time on xylanase production: 
 
 Initially, we estimate the effect of time on xylanase production by T. reesei F418 (Fig. 1). A detectable 
xylanase activity was estimated starting from the second day of cultivation (500 IU-1 DW) and the maximum 
activity was recorded at the 4th day of incubation (2232 IUg-1 DW). Thereafter, the enzyme production sharply 
reduced on the 5th day (1000 IU-1 DW) followed by a gradual decrease in enzyme titer till the 8th day of 
incubation (300 IUg-1 DW). The reduction in xylanase production by increasing the incubation time herein 
could be due to the activation of proteases as recorded by Sudan and Bajaj (2007). The time required for 
maximal xylanase production by T. reesei F418 (4th day of incubation) congruent with that recorded earlier 
employing the same cultivation system (SSF) and microorganism (Trichoderma sp.) with different 
lignocellulosic materials (Pang et al., 2006; Chen et al., 2009). The enzyme level in the present study (2232 IU 
g-1 DW) is several folds ranged from 3.0-26.3, higher than that produced by A. ustus, Trichoderma sp., Botrytis 
sp, S. pulverulentum, and P. chryasaporium (Shamala and Sreekantiah, 1986), A. fumigates and A. niger 
(Kitoreechavanich et al., 1992; Dobrev et al., 2007), H. lanuginose (Kamra and Satyanarayana, 2004) and 
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Promicromonospora sp. (Kumar et al., 2011) by using RS as the carbon source and SSF.  The above results 
revealed that purification of xylanase isoenzymes was restricted from the 4-day-old culture medium of T. reesei 
F418. 
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Fig. 1: Time course for xylanase production by T. reesei F418 under solid-state fermentation system using 

alkaline pretreated rice straw as the carbon source. 
 
Purification of xylanases: 
 
 Purification of T. reesei F418 xylanase isoenzymes by traditional methods is summarized in Table 1. 
Culture supernatant of 4-day-old was subjected to a three-step purification involved ammonium sulfate 
fractionation, gel filtration and anion exchange chromatography. Most of the enzyme activity (90.1%) was 
recovered in the second ammonium sulfate fraction, A2. By gel filtration on Sephacryl S-300 (Fig. 2), two 
fractions SI and SII were resolved with recovery percent of 63 and 11 and specific activities of 2440 and 982.3 
IU mg-1protein, respectively. Due to the low recovery percent and specific activity of SII, further purification to 
homogeneity was carried out for the major peak of activity (SI). By anion exchange chromatography on DEAE-
Sepharose (Fig. 3), three xylanase isoenzymes XI, XII and XIII were resolved with specific activities 3407.3, 
3066.7 and 4759.5 IU mg-1protein, respectively. The specific activities represented 10.2-358 fold higher than 
that recorded for different Tricoderma species including of T. reesei QM  expressed in Pichia postoris (296.3 
IU/mg-1 protein) (Ouyang et al., 2011), T. reesei (38 IU mg-1 protein) (Lappalainen, 1986) and T. harzianum 
(13.3 IU mg-1 protein) (Silveira et al., 1997). However, they are lower than that estimated for T. 
longibrachiatum (6630 IU mg-1 protein) (Chen et al., 1997). 
 
Table 1: Purification Scheme for T. reesei F418 XI, XII and XIII xylanases. 

Purification step Activity 
(IU)* 

Total Protein 
(mg) 

S.A** 
(IU/mg protein) 

Recovery 
(%) 

Fold 
Purification 

Crude extract 22320 40.3 553.9 100 1.0 
Ammonium sulphate A2  

20111 
 

21.13 
 

952.4 
 

90.1 
 

1.7 
Gel Filtration of A2 on 

Sephacryl S-300: 
SI 
SII 

 
 

14052 
2446 

 
 

5.76 
2.49 

 
 

2440 
982.3 

 
 

63 
11 

 
 

4.4 
1.8 

DEAE-Sepharose for SI 
0.2 M NaCl (XI) 
0.3 M NaCl (XII) 
0.4 M NaCl (XIII) 

 
3271 
3036 
7044 

 
0.96 
0.99 
1.48 

 
3407.3 
3066.7 
4759.5 

 
14.7 
13.6 
31.6 

 
6.2 
5.5 
8.6 

One unit of xylanase activity was defined as one μmole xylose liberated per minute under standard assay condition, Specific activity 

 
Homogeneity and Molecular weight estimation: 
 
 T. ressei XI, XII and XIII are homogenous on PAGE under non-denatured conditions (Fig. 4 a). By SDS-
PAGE, the molecular weights of XI, XII and XIII were estimated to be 50, 31 and 30 kDa, respectively (Fig. 4 b) 
as a single subunit indicating their existing in monomeric forms. The molecular weights of XII and XIII are in 
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agreement with the values reported for different species of Aspergillus (Carmona et al., 2005; Teixeria et al., 
2010), while the molecular weight of XI is consistent with that recorded for Sporotrichum thermophile (48 kDa) 
(Vafiadi et al., 2010), A. ochraeus B (Biswas et al., 1990) and comparable to T. harzianum (60 kDa) (Tan et al., 
1985). Xylanases with low molecular weights as bleaching agents are desirable in pulp and paper industries, 
where they are the major current application of xylanases, since they can easily penetrate into the re-precipitated 
xylan on the surface of kraft pulp. Molecular weight determination by gel filtration on Sephacryl S-300 was 
unsuccessful because of the interaction between the enzyme and the gel as previously observed (Silveira et al., 
1997). 
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Fig. 2: A typical elution profile for the chromatography of xylanase ammonium sulfate fraction AII on 

Sephacryl S-300 column (145 x 1.6 cm i.d.) that is previously equilibrated with 50 mM acetate buffer, 
pH 5.5 at a flow rate of 21 ml/h and 3 ml fractions. Absorbance at 280 nm (x___x) and xylanase activity 
(●____●). 
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Fig. 3: A typical elution profile for the chromatography of pooled active fractions of Sephacryl S-300 (SI ) on 

DEAE- Sepharose column (10 x 1.6 cm i.d.) that is previously equilibrated with 20 mM acetate buffer, 
pH 5.5 at a flow rate of 60 ml/h. Absorbance at 280 nm (x___x) and xylanase activity (●___●). 
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Fig. 4: Native- (a) and SDS-PAGE (b) for T. reesei F418 xylanase isoenzymes using 10% resolving gel. Crude 

extract and purified xylanase isoenzymes XI, XII and XIII, respectively. Molecular weights marker 
proteins (M). 

 
Effect of pH and temperature on the activities: 
 
 The optimum activities for XI XII and XIII were recorded at pH 5.5 using phosphate buffer (Fig. 5 a). The 
pH optimum for most fungal xylanases in the acidic range and such results agreed with that reported for 
different species of Trichoderma species (Lappalainen, 1986; Chen et al., 1997; Silveira et al., 1997; Ouyang et 
al., 2011). Temperature has a profound influence on enzyme activity. T. reesei XI, XII and XIII showed optimum 
activity at 50oC, and drastically reduced at 60oC and above (Fig. 5 b). Similarly, optimum temperature for 
enzyme activity produced by different Trichoderma sp. were around 45 and 50oC (Tenkanen et al., 1992; Chen 
et al., 1997; Li  et al, 2000; Min et al., 2002; Ouyang et al., 2011).  
 
Thermal Stability: 
 
 It is highly desirable that enzymatic preparations intended for use in industrial applications must be 
thermostable and have a high activity at a wide temperature range. The activities of T. reesei XI, XII and XIII 
were stable upon incubation for 15 min at 50oC and decreased to 47, 37 and 41%, respectively at 55oC and 
completely lost at 80oC (Fig. 5 c). They are more stable compared to T. reesei (Tenkanen et al., 1992) and T. 
longibrachiatum (Chen et al., 1997) xylanases. A remarkable stability was recorded for two xylanases from S. 
thermophile at 50oC where 50 and 26% of their activities were lost at 60oC (Vafiadi et al., 2010). This character, 
stability of T. reesei XI, XII and XIII, may be advantageous in biotechnological applications in which retaining 
thermal catalytic stability up to 50oC is an important factor. 
 
Effect of storage: 
 
 For industrial applications, storage of the enzymes at room temperature and/or refrigerated without 
appreciable loss of activity is one of the most important and desirable characteristics. In the present study, the 
ammonium sulfate fraction; the partially purified xylanases with specific activity 952.4 IU mg-1 protein retained 
its full activity at room temperature (25 - 30oC), refrigerator (5-7oC), and deep freezer (-10oC) for more than six 
months. While the purified isoenzymes XI, XII and XIII retained 67% of their activities under such conditions. 
For easier storage and practical applications, the ammonium sulfate fraction could be prepared in the powder 
form as bioagent via lyophilization. The lyophilized powder was brownish in color, soluble in water, stored for 
more than six months without significant loss of activity. Similarly, 5-10% loss in the enzymatic activity of A. 
foetidus xylanase upon storage at refrigerated temperature for 4 weeks was recorded (Shah and Madamwar, 
2005). While 100% stability of ammonium sulfate fraction was observed for P. canescens xylanase upon storage 
for 3 months at room temperature and refrigerated (Antoine et al., 2010). 
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Fig. 5: Optimal pH (a), optimal temperature (b) and thermal stabilities (c) of activities for T. reesei xylanase 
isoenzymes. 

 
Substrate specificity: 
 
 The relative activities of XI, XII and XIII towards different substrates showed higher activity for the highly 
substituted xylan (such as oat spelt xylan) (OSX) than for less branched birchwood xylan (BWX) (Table 2). 
Although, they hardly hydrolyze filter paper, carboxymethyl cellulose,α, β-cyclodextrin, dextrin and starch.  
 The higher specificity of XI, XII and XIII towards OSX than BWX is corroborated well with the results 
recorded for xylanases from A. giganteus (Fialho and Carmona, 2004), P. sclerotiorum (Knob and Carmona, 
2009), T. longibrachiatum (Chen et al., 1997), Streptomyces matenis (Yan et al., 2009) and A. nainana (Cardoso 
and Filho, 2003). The proportions of xylose, glucose, galactose and arabinose in the molecules of water-soluble 
OSX are 52.5, 15.7, 9.5 and 33.3%, while, they are 94.1, 1.4, 4.5 and 0.0% on the BWX, respectively (Chen et 
al., 1997; Li et al., 2000). Therefore, it can be conclude that XI, XII and XIII preferred heterogeneous substrate 
with higher branching degree. 
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Table 2: The relative activities of purified T. reesei xylanase isoenzymes toward different substrates. 
Substrate Relative activity (%) 

 XI XII XIII 
Xylan-Birchwood 100 100 100 

Filter paper 1.0 2.5 0.7 
CM-Cellulose 0.6 1.8 0.1 
α-cyclodextrin 0.1 0.3 0.04 
β-cyclodextrin 0.4 0.5 0.1 

Dextrin 0 5.2 17.9 
Pectin-esterified (60%) 11.6 11.7 7.1 

Pectin from apple 15 11.6 5.4 
Pectin from citrus 15.8 5.3 6.4 

Polygalacturonic acid 5. 8 0 0 
Starch 0.3 0.4 0.9 

Xylan- Oat Spelt 126 122 122 
  Xylan-Birchwood was taken as one 100%. Each value represents the average of three separate experiments. 

 
Kinetic parameters: 
 
 Kinetic parameters of XI, XII and XIII for hydrolyzing BWX and OSX at 50oC and pH 5.5 were obtained by 
a typical double reciprocal Lineweaver- Burk plots (Table 3). The apparent Km values for hydrolyzing BWX 
were 1.33, 2.5 and 1.12 mg ml-1 with Vmax 34.83, 295.43 and 448.4 IU mg-1 min-1, respectively.  While Km 
values for hydrolyzing OSX were 2.7, 2.22 and 1.43 mg ml-1 with Vmax 92, 282.9 and 538.71 IU mg-1 min-1. The 
Km values herein are in agreement with the values presented by other fungal xylanases which are ranged from 
0.27 to 14 mg ml-1 (Teunissen et al., 1993; Beg et al., 2001). 
 
Table 3: Kinetic parameters of purified T. reesei F418 xylanase isoenzymes. 

Substrate XI XII XIII 
Km 

(mg ml-1) 
Vmax 

(IU mg-1 min-1) 
Km 

(mg ml-1) 
Vmax 

(IU mg-1 min-1) 
Km 

(mg ml-1) 
Vmax 

(IU mg-1 min-1) 
BWX 1.33 34.8 2.5 295.4 1.12 448.4 
OSX 2.7 92 2.2 282.9 1.43 538.7 

BWX= birchwood xylan, OSX= oat spelt xylan 

 
 The low specificity of XI, XII and XIII towards filter paper and carboxymethyl cellulose (CMC) showed that 
they could be described as cellulase-poor xylanases. Some cellulase-free xylanases have been produced by 
Streptomyces species (Flores et al., 1997; Magnuson and Crawford, 1997; Ninawe et al., 2008) and thermophilic 
ascomycete Thelavia terrestris 255 B (Gilbert et al., 1992). Cellulase-free xylanases are important in paper 
manufacture to avoid cellulose degradation (Beg et al., 2001; Ayyachamy and Vatsala, 2007). The high ratios 
for OSX hydrolysis to CMC by T. reesei XI, XII and XIII, 67.8-1220 to 1.0, make such isoenzymes potential 
candidate for applications such as paper and biobleaching of pulp industries.  
 
Effect of metals and different compounds: 
 
Effect of metals: 
 
 T. reesei XI, XII and XIII are not significantly inhibited by most metal ions examined, although they are 
strongly inhibited only by Hg2+and Cu2+ (Table 4). However, T. reesei XI was stimulated up to 109.7, 117.2 and 
114.8% by K+, Li+ and Na+, respectively and XIII also up to 119.7% by K+ only. There was almost no effect by 
monovalent cations K+, Li+ and Na+ (Shah and Madamwar, 2005; Fengxia et al., 2008; Knob and Carmona, 
2009; Yan et al., 2009). Although, the stimulation of the activity by Na+ and K+ (Biswas et al., 1990) and by 
Na+ (Romanowska et al., 2006) have been observed. The strongest inhibitory effect of Hg2+ was consistent to 
other reports (Bataillon et al., 2000; Fialho and Carmona, 2004; Carmona et al., 2005; Shah and Madamwar, 
2005) indicating the presence of at least one sulfhydryl group in the active sites of the enzymes. 
 Cupper ions (Cu2+) are known to catalyze auto-oxidation of cysteines, which leads to the formation of 
intramolecular and intermolecular disulphide bridges (Vieille and Ziekus, 2001). Cu2+ has strong inhibitory 
effect on XI and moderate effect on XII and XIII (Table 4). Likewise, xylanases from various species of 
Aspergillus (Fialho and Carmona, 2004; Carmona et al., 2005; Shah and Madamwar, 2005) were strongly 
inhibited by Cu2+. The inhibitory effect of Cu2+ could be explained by the presence of sulfhydryl group in the 
catalytic center of the enzyme. 
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Effect of EDTA: 
 
 The effect of different compounds on the activities of XI, XII and XIII were examined at final concentration 
5 mM of each (Fig. 6). EDTA at a concentration 5 mM partially inhibited XI (42 %) and has a weak inhibitory 
effect on XII and XIII. Similarly, xylanase activities of A. giganteus (Fialho and Carmona, 2004) and A. foetidus 
(Shah and Madamwar, 2005) were reduced to 38% and 35% by 2 and 5 mM EDTA, respectively. The partial 
reduction of T. reesei xylanase activities by EDTA indicates the requirement for some metal ions. 
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Fig. 6: Effect of different compounds on the activities f T. reesei F418 xylanase isoenzymes. The enzyme was 

pre-incubated with the listed compounds individually at the final concentration of 5 mM prior to 
substrate addition. Activity in absence of compounds was taken as 100%. Each value represents the 
average of three experiments.  

 
Table 4: Effect of different metal ions on the activities of the purified T. reesei F418 xylanase isoenzymes. 

Metal XI XII XIII 
NON 100 100 100 
Al3+ 87.7 84.7 78.4 
Ba2+ 96.4 98 83.7 
Ca2+ 91.7 101 102 
Co2+ 94.8 103 102.4 
Cu2+ 7.2 51.2 47 
Fe2+ 98.4 80.7 97.2 
Hg2+ 11 8.43 26 
K+ 109.7 83 119.7 
Li+ 117.2 97 92.5 

Mg2+ 83.7 100.3 96.5 
Mn2+ 105.5 118 94.3 
Na+ 114.8 78 91.6 

NH4
+ 111.9 91.7 92.7 

Ni2+ 96.9 80.5 101.1 
Zn2+ 97.3 90.6 87.1 

Enzyme was pre-incubated for 30 min at 37oC with 10 mM of the listed cations as a final concentration prior to substrate addition. Activity 
without added metal cation was taken as 100 %.  

 
Effect of PMSF: 
 
 The current study revealed that p-methylsulfonyl fluoride (PMSF) is a potent inhibitor for XI, XII and XIII. 
While such enzymes moderately inhibited by p-HMB. A moderate inhibitory effect has been recorded by PMSF 
and p-hydroxymercuri benzoic acid (p-HMB) for various Aspergillus spp. (Carmona et al., 2005; Shah and 
Madamwar, 2005; Sudan and Bajaj, 2007) and Bacillus sp. (Bataillon et al., 2000). This inhibitory effect could 
be due to the involvement of serine and/or cysteine residues in the catalytic process or close to the active site of 
the enzyme. 
 
Effect of thiol reagents: 
 
 Cysteine-HCl, dithiothreitol (DTT) and other thiol reagents prevent the oxidation of thiol groups in proteins 
and maintain a reducing environment for enzyme reaction (Shah and Madamwar, 2005). The foregoing results 
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indicate the stimulation of XI, XII and XIII by 5 mM of cysteine-HCl and DTT and the stimulatory effect ranged 
from 110-123% (Fig. 6). Similar observations have been recorded for xylanases from T. harzianum (Franco et 
al., 2004), A. giganteus (Fialho and Carmona, 2004) and Bacillus sp. (Bataillon et al., 2000). We can suggest 
that the activation by thiol reagents confirms the presence of reduced thiol group in the active site of the 
enzymes.  
 
Conclusion: 
 
 Three xylanase isoenzymes were purified from T. reesei F418 grown on RS as carbon source under SSF. 
The purified isoenzymes are highly specific for hydrolyzing xylans and hardly hydrolyzed FPC or CMC. They 
can be described as acidic cellulase-poor xylanases. They retained 70% of their activities upon storage for more 
than six months. They showed optimal temperature for activity and stability at 50oC, suggesting a possible 
application of such enzymes in biobleaching in paper and pulp industry. 
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