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Abstract 

Fungi are well known for their ability to produce extracellular enzymes into their surrounding 

environment. Xylanases are an important class of hydrolytic enzymes involved in degradation of xylene a 

backbone of hemicellulose, in this study; we have isolated three isolates of xylene analytic fungi taken 

from five samples of sand gathered from different sites in the University of Mosul. Depending on the 

halo's diameter of analysis and by using the Congo red indicator, one isolate has got a high activity in 

producing the exocellular xylanase enzyme related to Trichoderma longibrachiatum on the base of 

morphological, microscopic and internal area (ITS) features. The xylanase has been purified from the 

raw extracted enzyme of the selected isolate throughout four subsequent steps included: sedimentation 

by Ammonium Sulphate, dialysis, gel filtration in column (Sephadex-G 100) and the Ionic exchanger 

(DEAE Cellulose). After this step, the number of filtrations is (49.22) with enzymatic outcome reaching 

to (33.93%). Studying the description of the filtered enzyme, PH the optimal for the enzyme activity is 0.5 

and the optimal range of PH for enzyme stability is (4-6). Moreover, the optimal temperature degree for 

enzyme activity is (50 °C), whereas the optimal temperature degree for enzyme stability is (50-60 °C). 
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Introduction 

Xylene belongs to inhomogeneous 

polysaccharides and is one of the most 

spreading polysaccharides, after cellulose, in 

nature. The xylene biomolecule is made up of 

D-xylose units which connect to each other by 

glycosidic linkage (B 1-4). As for its 

components and structure, xylene shows a 

huge comparison according to its various 

resources in nature] 1, 2, 3[.Because of the 

wide uses of enzymes, especially xylanase, 

dealing with its production has been 

commercially increased from different 

microorganisms during recent years; since it 

is used in improving the flour features, 

woven fabrics and cleaners manufacture in 

addition to bleaching the paper paste in order 

to get rid of lignin and to.  

To add, it is used for producing some 

materials such as monocyte protein and 

xylitol and ethanol [4, 5[.Types related to 

Trichoderma, especially T. viride & T. reesei, 

are ones of the most important filamentous 

fungi producing xylanase ]6, 7[.Filamentous 

fungi is characterized by its huge importance 

in the field of producing enzymes for several 

reasons including its growth easiness in 

nutritious cheap media taken from 

agricultural and industrial waste products to 

discharge enzymes in the growth medium, 

and that will decrease the cost of its 

extraction and to be produced in great 

amounts in comparing with bacteria and 

yeast ]8, 9[. The kinds related to 

Trichoderma are the most important 

filamentous fungi which produce xylanase, 

especially the T. viride & T. reesei kinds ]7[. 

The process of clarifying xylanase has been 

greatly dealt with and widely studied to 

know its biochemical features and to 

introduce the way of its catalysis for specific 

interaction without interference with other 

materials that may be found with the enzyme 

and may give different results [10[. 

However, several methods for splitting and 

clarifying enzymes have been focused by 

researchers at the recent decades, specifically 

the researchers and companies dealing with 

the food industry [11[. Accordingly, this study 

represents an attempt to get local fungi 

isolates that is able to produce xylanase 

enzyme and to clarify and study some of its 

features. 

http://www.jgpt.co.in/
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Materials and Methods 

Isolates Origin: the isolates origins include 

soil samples collected from various sites in 

the University of Mosul. These samples have 

been taken from 20cm depth. To add, it has 

been used the sequenced dilute method in 

order to get the fungi isolates. 

Culture Media 

  Potato dextrose agar: it has been prepared 

according to the Oxoid Company 

instructions throughout adding 39gm to a 

limited amount of distilled water to get 1 

litre as a final size. The media has been 

used to save and activate the isolates. 

 Isolation Media: the nutritive media 

(Czapek-Dox) has been used in accordance 

with the method mentioned in ]12[, as 

follows: (g/l) 

NaNO3 -2, MgSO4.7H2O-0.5, FeSO4.7H2O- 

0.01 K2HPO4-1, KCL- 0.5 

With adding xylene as the only source of 

carbon. 

 Screening Media (for fungi isolates): it 

detects the ability of gotten isolates to 

produce xylanase enzyme according to the 

method of [13[. In this process, it has been 

used the media prepared by the following 

materials (g/l): 

Brichwoodzylan  - 0.8% , CaCl2,-0.05, NaNo3 – 

0.005, FeSO4.7H2O – 0.009, ZnSO4  - 0.002 

,MnSO4 – 0.012, KCL – 0.23, KH2PO4 – 0.23, 

Pepton  - 2.0, Agar – 20  .  

 Production Media: it has been prepared 

depending on what has been stated by 

]14[including the following materials (g/l): 

Brich wood xylan – 0.5,  Yeast extract – 0.2, 

NaCl – 0.25, KH2PO4 – 1.5, NaH2PO4 – 3.0, 

NH4CL – 0.5, MgSO4.7H2O – 0.025 As for 

pH, it has been accurate at (7). The 

production media has been prepared in 

conical flasks (250 ml.). This media has 

been distributed as (50 ml.) for each flask, 

as twice as for each process. Flasks have 

been tightly sealed by using cotton stopples 

and aluminium flakes which is sterilized by 

the autoclave with pressure (1) km/cm2 and 

the temperature are at (121°C) for (15) 

minutes. After sterilization completed, 

flasks have been left to be cool, then they 

are vaccinated by shaker incubator 

prepared recently (7 days ago) with 40% 

rate. After that, they are put in Eppendorf 

tubes at about (28±2°C), and with a 

shaking rate reach to (150) lap for each 

minute for five day period. 

Extracting the DNA: 

After activating the fungi isolate on the 

(PDA) media, it has been gathered the 

biological mass aged five days throughout 

Vacuum. Parts of the fungi lines have been 

taken in Eppendorf tubes under sterilized 

circumstances. The process of extraction has 

been made by using the extracting Kits for 

DNA, supplied by Bioneer Company, 

including a group of liquids in addition to 

DNA filter columns and collection tubes. 

Depending on instructions of the supplier 

company and according to the method of [15[, 

it has been founded the concentration and 

purity of DNA extracted by using Biodrop 

Spectrophotometer.  

DNA Amplification 

Using the Kit of Accu Power ® PCR Pro Mix 

supplied by Bioneer Company and by 

tackling two initiative specifications 

(Forward ITS5) having the sequence: 

(GGAAGTAAAGTCGTAACAAGG( and   

(Reverse ITS4) having the sequence: 

(TCCTCCGCTTATTGATATGC), it has been 

enlarged the area of ITS in the DNA 

according to the method followed by ]16[ . 

The reaction mixture has been prepared and 

mixed well in the Eppendorf Tubes 

depending on the attached bulletin of Master 

Mix. Then, these tubes have been moved to 

thermo cycler and the reaction has been 

achieved according to the following protocol: 

The initial denaturation for 5 minutes in 

90°C, denaturation for 1 minute in 94°C, 

annealing for 2 minutes in 56°C, extension 

for 3 minutes in 72°C, and the final extension 

for 5 minutes in 72°C. The number of cycles 

is 35.  

Gel Electrophoresis 

The gel electrophoresis has been made by 

agarose gel prepared with the rate 1.2% 

according to the method followed by [17] 60 

volt for 3 hours. It has been revealed the 

results of PCR split by the electrophoresis 

while the loading dye reaches to the end of 

gel compared with the size guide (DNA 

ladder 100 bp) supplied by Bioneer Company 

by using the UV-Transilluminator. 
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DNA Sequencer  

After enlarging the DNA, the result has been 

transmitted into the Korean Macrogen 

Company to get the DNA sequence for the 

(ITS) area; it has also been used te AB DNA 

Sequencing System. The isolate has been 

determined by adding a serial number into 

the database of National Center of 

Biotechnology Information (NCBI). 

Xylanase Activity Assessment 

It has been assessed the xylanase activity 

depending on the method followed by [18]  by 

using the detector of 3.5-Dinitro Salicylic 

Acid (DNS). A solution of reaction has been 

prepared by mixing 1 %( w/v) of xylene by 

using the regulator solution (Sodium acetate 

0.05 M) at PH - 5. The enzyme unit can be 

introduced as the amount of enzyme which 

releases 1 micromole of glucose during one 

minute. 

Determination of Protein 

It has been determined the amount 

conducting the method followed by [19  [ by 

using spectrophotometer at 280nm 

wavelength. Bovine serum albumin (BSA) 

has been used as a regular solution to 

prepare the protein curve.  

Isolate Determination at the genus and 

Type level 

It has been determined the isolate which 

proved its ability to produce xylanase enzyme 

throughout the initial screening by following 

the classifying keys stated by] 20, 21[. 

Purification of Xylanase 

The raw extraction of xylanase has been 

purified depending on [22[Ammonium 

Sulphate with satisfaction rates reaching 

80% for enzyme sedimentation. The process 

of central expulsion of sediment with 10000 

rpm for 30 minutes. The sediment has been 

taken and performed a dialysis operation vs. 

the regulator solution (sodium acetate 0.05M) 

when the PH is 5 for 24 hours, taking into 

consideration substituting the regulator 

solution every 6 hours.  

The next step is gel filtration by using 

Sephadex G-100 prepared in accordance with 

the instructions of the supplier company 

(Sigma-Aldrich) with (1.5 × 60 cm.) 

dimensions. As for balance and recovery, it 

has been made by the same buffer solution 

with 3ml. per part.  

Then, the ionic exchanger (DEAE Cellulose) 

has been prepared with (1.5 × 60 cm.) 

dimensions. As for balance and recovery, it 

has been also made by the same buffer 

solution with acceleration amount as 

30ml/hr. and 3ml. per part. The split parts, 

that have enzymatic activity, have been 

gathered and lyophilized to study their 

biochemical features. 

Enzyme Characterization 

The experiments of enzyme characterization 

include the study of the optimal PH for 

enzyme activity and stability in addition to 

the effect of temperature on the enzyme 

activity and its temporal stability. 

Results and Discussion 

Isolation and Screening 

From stand, it has been gotten three fungi 

isolates characterized by speed growth and 

their intensity after enriching the hard 

media of isolate with xylanase to determine 

the isolates that have the ability to discharge 

the enzyme which is responsible for xylene 

solvent throughout observing the xylene 

solvation in the areas surrounding the 

growth of fungi and its colonies.  

The isolates have been grown in the above-

mentioned media for 5 days in 28°C 

temperature. It has been followed their 

ability to produce xylanase enzyme 

depending on the halo diameter of solvation 

after submerging the growth plates with the 

Congo red indicator. The results have 

revealed that there is a great difference in 

the ability of the gotten isolates to produce 

xylanase.  

Figure (1) shows the distinction of isolate 

labelled (T2) to which its solvation rate for 

xylene reaches to (9.5) comparing with the 

other two isolates that are later disregarded 

for their weak production of the enzyme. The 

difference of their ability to solve xylene is 

attributed to genetic contrast existed among 

them. Browsing other studies, it has been 

also observed such a contrast in the 

componence of isolates, genealogies, or types 

in solving xylene.  

Among 53 isolates of fungi belonging to 

various types, seven ones have been 

distinguished with solvation rate higher than 

the others ]23[.In another study, it has been 

found 5 isolates related to the type  
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(Cladosporium) which are distinguished by 

giving a solvation rate higher than the others 

after growing them in the media of modified 

Czapek-Dox  ]24[. 

 

Figure 1: the componence of Isolate (T2) for solving xylene 

 

Isolate Characterization 

It has been characterized the isolate selected 

from the process of initial isolation and 

screening after growing it in the (PDA) media 

depending on phenotypic and microscopic 

tests on the genus and type levels and 

according to classifying keys stated in the 

scientific references ]20,21[. In this regard, it 

has been observed that the isolate forms 

colonies having a speed growth and a dark 

green to olivaceous colour with an intensive 

growth rate at 30°C.  

Their spores are characterized with: green 

coloured, mediate sized, 4-9 micron length, 

oval shaped and transparent.   As for the 

main conidiophore, it is easy and carries 

short sideward branches having shorter 

cylindrical ones. These ramifications are 

carried on the branch singularly on wide or 

irregular distances. 

Partial Characterization 

To confirm the isolation diagnosis, it has 

been used a PCR for DNA and primers 

concerning the internal area (ITS). Such ITS 

have characterized as highly differentiation 

between geniuses and types and can be used 

in distinguishing various fungus types 

because it provides specific sequences for 

each type. At the time of analysis the result 

of electrophoresis on agarose gel (Figure 2), 

the enlargement results show that the 

extracted isolate belongs to Trichoderma 

longibrachiatum in terms of existing an  

obvious alone pack of DNA with a partial 

weight of 700 pg. of basic pairs in comparing 

with the volumetric guide (Marker ladder). 

This asserts the truth of used primers 

sequences and its connection to the ITS area. 

Figure (3) shows sequences of nitrogen bases 

of isolates which had been submitted to Blast 

Program within the National center of 

biotechnical information.  

Throughout the comparison among the 

nucleotide sequences of isolate, it has been 

founded that those sequences provide a case 

of perfect matching 100%with the ones of 

nitrogen bases, i.e. with the deposit sequence 

Trichoderma longibrachiatum in the genes 

bank under the serial no. (Ky789475.1) and 

also with Trichoderma longibrachiatum 

enrolled under the serial no. (Kt278853.1).  

As for the concluded results, they are 

identical with what has been got [25[while 

isolating several isolates related to 

Trichoderma and characterizing them 

partially by using specialized Primers in 

purifying PCR. In a trial to characterizing an 

isolate for Trichoderma longibrachiatum by 

using specialized primers ]26[ has concluded 

that the results of enlargement, which has 

been got by sequenced PCR as a result of 

electrophoresis on agarose gel, led to arising 

on isolate pack with partial weight of 700 pg. 

of basic pairs. Accordingly, it could be 

asserted that the isolate used in this study is 

Trichoderma longibrachiatum. 
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Figure 2: the Result of DNA Enlargement for Trichoderma longibrachiatum Isolate on Agarose Gel 

 

 
Figure 3: the Sequences of Nitrogen Bases of Trichoderma longibrachiatum isolate 

 

Purifying Xylanase Enzyme 

After getting the raw extracted enzyme from 

the fungi, it has been submitted to 

sedimentation by Ammonium Sulphate. 

Consequently, it has been founded that the 

best rate of satisfaction was 70% in which it 

has been got the quality effectiveness 

reaching to (28.88 unit/ml.) with (2.14) times 

of purification as shown in the table (1). 

Many researchers refer to the efficiency of 

Ammonium Sulphate in the concentration of 

xylanase enzyme produced by the 

microorganisms.  

Then, the process of dialysis has been done 

by using a membrane after sedimentation. In 

this step, it has been noted that the 

enzymatic activity and the quality 

effectiveness are (123.40 & 44.54 unit/ml.) in 

addition to the decreasing of protein 

concentration by half because proteins with 

low molecular weights were exited so that 

times of enzyme purification were increased.  

As shown in Figure (4), the results of gel 

filtration step submit an increasing of 

purification times to 7.51 with enzymatic 

outcome reaching to (49.14%) by using the 

chromatography column of ionic exchange to 

complete the enzymatic purification. To add, 

it has been observed four vertexes of protein 

arising in the recovered parts of the gel. 

While assessing the enzymatic effectiveness 

by using xylene, as a substrate, it has been 

found that the activity is concentrated at the 

third vertex which expresses the enzyme; 

whereas the other ones are completely 

inactive. In this step, the purification times 

are 49.22 with the enzymatic outcome of 

33.93%. The Results obtained point out that 

the enzyme sedimentation process leads 

actively to the concentration of enzyme by 

Ammonium Sulphate; since it works on 

equaling the existing charges on the surface 

of protein which consequently affects on the 

quality effectiveness of enzyme and also 

increases the purification times.  

The increasing of purification times and 

decreasing the enzymatic outcome refer to 

the important evidence of enzyme pureness 

]27[.In a study submitted by ]28[, they could 

purify two types of xylanase enzyme 

produced by Trichoderm alongibrachiatum 

after passing by the purification steps 

including sedimentation by ethanol, gel 

filtration, and ionic exchanger. In this 

regard, the purification times have been 

increased to reach to 5.0 with an enzymatic 

outcome amounted (43%) for enzyme 

Xylanase A; whereas the contrary has been 

done for Xylanase B to reach to (0.5%) and 

purification times are amounted (1.3%).  

On the other hand, [29[have found that the 

quality effectiveness of xylanase enzyme 

produced by the fungi isolates Trichoderma 

longibrachiatumis (6.630 unit/mg.) and the 
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purification times of enzyme is (55.8). To add, 

the enzymatic outcome reaches to (5.1%), 

after purification times including extra 

filtration, sedimentation of ammonium 

sulphate, in addition to the ionic exchanger 

and gel filtration as a final step. As for the 

differences of purification times for xylanase 

enzyme concluded from various sources, it is 

attributed to different technology used in the 

extraction process and enzymatic purification 

in addition to the circumstances, extracting 

duration, type of buffer solution, and the 

enzyme source. 

 

Table 1: Xylanase purification steps from Trichoderma longibrachiatum  

Purification steps size Activity 

mg/ml 

Protein 

mg/ml 

Quality 

activity 

mg/ml 

Total 

activity 

Purification 

times 

Enzyme 

yielded % 

Enzyme 200 67.35 5.09 13.23 13470.0 1 100 

AmmoniumSulphate 

precipitation 

88 106.25 3.75 28.33 9350.0 2.14 69.41 

Dialysis 56 123.40 2.77 44.54 6910.4 3.36 51.30 

Gel filtration 43 147.11 1.48 99.39 6619.95 7.51 49.14 

Ionicexchanger 26 175.83 0.27 651.2 4571.58 49 33.93 

 

 

 
Figure 4: The xylanase enzyme purification produced by Trichoderma longibrachiatum throughout the ionic 

exchanger process 

 

Enzyme Characterization: 

The Typical Activity of pH: 

The results have been shown in figure (5) 

which represents the optimal pH carve of 

activity of the purified enzyme. The highest 

rate of enzyme activity at (5) pH is (67.28 

unit/ml.). it is also noted the gradual 

decreasing of activity at the two sides of 

optimal pH; since the enzyme activity is 

(36.88 unit/ml.) at (3) pH and (25.79 unit/ml.) 

at (8) pH. This indefinitely denotes that the 

increasing or decreasing of pH towards the 

optimal values has negative effects on the 

activity of purified enzyme form fungs which 

has been found that it works at the pH 

values nearby the equalization. The reason 

behind decreasing the enzyme activity is 

attributed to the change of ionic group’s 

structure existing in the active site of the 

enzyme or at the basic material, or in both of 

them. Accordingly, the ionic state of such 

groups has been changed and reflected 

negatively on the ability to connect the 

enzyme with the basic material [30[.This 

result has been matched with the one 

submitted by [29[where the pH (5) gives the 

highest activity of xylanase enzyme produced 

by Trichoderma longibrachiatum. On the 

other hand, [31 [ state that the proper pH of 

xylanase enzyme activity is (5.6) for the 

isolate of T.ressei. 

 

 
Figure 5: The Optimal pH for Producing Xylanase Enzyme from the Isolate of Trichoderma longibrachiatum 
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The Optimal pH to Prove Enzyme 

Activity: 

The results show that xylanase enzyme 

purified from the fungi isolate of 

Trichodermalongibrachiatum has stability at 

the pH values ranged between (40-60) in 

which enzyme keeps all its activity as shown 

in Figure (6). But, the activity started to be 

decreased gradually at 7pH and deteriorated 

considerably at 8 pH. This case of increasing 

and decreasing the enzyme activity may be 

attributed to changes in the enzyme  

structure in addition to the change of ionic 

state of the active site of the enzyme and also 

the change of chemical nature of buffer 

solution. All these factors affect the optimal 

pH to characterize the enzyme. On the other 

side, ]32[ have found that xylanase enzyme 

produced by the isolate of  T.reesei with solid 

state fermentation has stability at the pH 

values ranged between (4-5), ]33[ also point 

out that the limited value of pH is between 

(4.6-6.5) used for the stability of enzyme 

effectiveness produced by T.inhamatum. 

 

 
Figure 6: The Optimal pH for Stability of Xylanase Enzyme Effectiveness Produced by the Isolate of Trichoderma 

longibrachiatum 

 

The Optimal Temperature for Enzyme 

Effectiveness: 

The stated resulted in Figure (7), which 

expressed the carve optimal temperature for 

purified xylanase enzyme, shows the 

increased effectiveness of enzyme with 

increasing the optimal temperature degree 

reaching to 50°C while the effectiveness is 

(68.31), then followed by decreased 

effectiveness due to increased temperature 

degree considerably to be (23.9 unit/ml.) at 

80°C. this case of increased effectiveness may 

be attributed to the speed of enzymatic 

interaction with increasing temperature 

degree to a specific measurement because of 

the increasing of dynamic energy for the 

molecules of interacted materials and then 

the increasing of collision chances among 

molecules of the basic material and the active 

site of the enzyme ]27[.  As for the reason 

behind the decreased enzymatic 

effectiveness, it is due to occur a case of 

metamorphosis in the effective site of enzyme 

which leads to incompatibility between the 

enzyme and the basic material in a correct 

aspect, in addition to a change existing in the 

enzyme structure ]34[. The optimal 

temperature degree for xylanase enzyme 

effectiveness differs according to the 

difference of the enzyme source.  

In this regard [29[ point out that the optimal 

temperature for xylanase enzyme 

effectiveness extracted from  

Trichodermalongibrachiatum is (45°C). The 

concluded result matches with what ]35[refer 

to; since the optimal temperature degree for 

enzymatic effectiveness extracted from the 

fungi isolate of  T. ressei is (50°C). 

nevertheless, this result matches what have 

been founded by ]36[ since the highest rate of 
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xylanase enzyme effectiveness produced by Humicolainsolens Y1 is (50°C).  

 

Figure 7: The Optimal Temperature Degree of Producing Xylanase Enzyme from the Fungi Isolate of Trichoderma 

longibrachiatum 

 

Determining Temperature Degree of 

Enzyme Stability: 

The investigation about xylanase enzyme 

with higher thermal stability is one of the 

important aims dealt with by several studies 

since such enzymes are often used in higher 

temperature circumstances in the practical 

applications. The results of enzyme raising 

point out that in various temperature degrees 

the rate of optimal pH for enzyme stability 

ranged between (20-70) for one hour as in the 

Figure (8) which represents the carve of 

thermal stability. The enzyme shows a stable 

state with temperature degrees ranged 

between (50-60°C). At 50°C, it keeps all its 

activity which reaches to (70.35 unit/ml.). On 

the other hand, we note at 20°C, the activity 

is greatly decreased; it is estimated as (30.66 

unit/ml.). The same cases with 70°C & 80°C, 

the enzymatic effectiveness started to 

decrease severely to be estimated as (45.33 & 

38.20 unit/ml.) respectively. The reason 

behind losing part of enzyme's activity during 

the period of raising is due to exposing 

enzyme to a metamorphosis which leads to 

changes in its structure, and that will be 

negatively reflected the enzyme interaction 

with the basic material. The concluded result 

matches with what ]37[ conclusion; both of 

them conclude that the thermal stability of 

purified xylanase enzyme  Saccharopolyspora 

pathumthaniensis  S582 is between (60-

70°C). to add, this result is nearly similar to 

what has been concluded ]38[in which 

xylanase enzyme produced by 

Trichodermaressei has thermal stability at 

50°C after 30 minutes of raising. 

 

Figure 8: The Temperature Degree on Stability Effectiveness of Xylanase Enzyme from the Fungi Isolate of 

Trichoderma longibrachiatum 

 

References 

1. Alvarez-Cervantes J, Hernandez-

Dominguez EM, Arana-Cuence A Mercado-

Flores Y (2013) Purification and 

characterization of xylanase SRXL1 from 



Shimal Younis Abdel- Hadi et. al. | Journal of Global Pharma Technology | 2020| Vol. 12| Issue 02 (Suppl.) |460-469 

©2009-2020, JGPT. All Rights Reserved                                                                                                                                           468 

Sporisorium reilianum grown in 

submerged and solid state fermentation. 

Bioresour., 8(4): 5309-5318.  

2. Ahmed ME (2014) Partial purification and 

characterization of  xylanase from Bacillus 

cereus X3. Baghdad Sci.11(12): 1-6.  

3. Zahari NI, Shah UKM, Asaar AZM, 

Mohamad R (2016) Selection of potential 

fungi for production of cellulose poor 

xylanase from rice straw. Bioresour., 11(1): 

1162-1175.  

4. Fortkamp D, Knob A (2014) High xylanase 

production by Trichoderma viride using 

pineapple peel as substrate and its 

application in pulp biobleaching. 

Biotechnol., 13 (22): 2248-2259.  

5. Kim SK, Chung D, Himmel ME, Bomble 

YJ, Westphling J (2016) Heterologous 

expression of  family 10  xylanases  from 

Acidothermus cellulolyticus  enhances the  

exoproteome  of Caldicellulosiruptor bescii  

and  growth  on xylan  substrates. 

Biotechnol. Biofuels., 9:176. 

6. Paloheimo M, Mautyla A, Kallio J, 

Suominen P (2003) High-Yield Production 

of a Bacterial Xylanase in the Filamentous 

Fungus Trichoderma reesei requires a 

Carrier Polypeptide with an Intact 

Domain Structure. Appl. Environ. 

Microbiol ., 69(12): 7073-7082.  

7. Saleh SH, Shah SNM, Abdul-Khalil K, 

Bujang A (2015) Xylooligosaccharides 

production from oil palm from BY 

Trichoderma  longibrachiatum  xylanase . 

Analytical Sci., 20 (3): 525-530. 

8. Kar S, Mandal A, Mondal K, Pati BR 

(2006) Production of cellulose- free 

xylanase by Trichoderma reesei SAF3. 

Microbiol., 7: 462-464. 

9. Ghoshal G, Banerjee UC, ShivhareUS 

(2015) Utilization of agrowaste and 

xylanase production in solid state 

fermentation. Biochem Tech., 6(3): 1013-

1024. 

10. Kornberg A (1990) Why purity enzymes. In 

methods in enzymology. 182 (edited by 

Deutscher, M.P) 1-5, Academic Press. New 

York.  

11. Saha BC (2002) Production, purification 

and properties of xylanase from a newly 

isolated Fusarium proliferatum . Process 

Biochemistry., 37:  1279-1284.  

12. Gilma JCA (1959) A manual of Soil Fungi 

Publishing by Oxford and IBH Publishing 

Co. 2nd ed 449.  

13. Cordeiro CAM, Martins MLL, Luciano AB, 

DaSilva RF (2002) Production and 

properties of xylanase from thermophilic 

Bacillus sp. Braz. Arch  Biol. Technol., 45: 

413-418. 

14. Roy N, Rowshanul HM (2001) Isolation 

and characterization of xylanase producing 

strain of Bacillus cereus from soil. Iran. 

Microbiol., 1: 49-53. 

15. Hiney M, dawson MT, Heery DM, Smith 

PR, Gannon F, Powell R( 1992) DNA probe 

for Aeromonas salmonicida . Appl. 

Environ. Microbial., 58(93): 1039-1042. 

16. White TJ, Bruns T, lee S, Tylor J (1990) 

Amplification and direct sequencing of 

fungal ribosomal DNA for phylogenetics 

ln: Innes MA, Gelfand DH, Sninsky JJ, 

White TJ(Eds), PCR Protocols: a Guide to 

Methods and Application . Academic 

Press, Inc., San Diego, calif. 315-322.  

17. Ranganth HR, Sheeba GS (2002) PCR-

fingerprinting of some Trichoderma 

isolates from two indian type culture 

collections-and for re-identification of 

these economically important fungi. Curr. 

Sci., 83(4): 372-374. 

18. Miller GL (1959) Use of dinitrosalicylic 

acid reagent for the determination of 

reducing sugar. Anal. Chem., 31: 426-428. 

19. Bradford M (1976) A rapid and sensitive 

method for the quantitation of microgram 

quantities of protein utilizing the principle 

of protein-dye binding. Analytic Biochem., 

7(72):  248-54. 

20. Laron D (1987) Medical Important Fungi. 

Elsevier Science Publishing Co, Inc.; New 

York, USA, 345. 

21. Pitt J, Hocking A (2009) Fungi and Food 

Spoilage. 3rded Springer Science Business 

Media, LLC, NY, USA, 524. 

22. Karlsson E, Ryden L, Brewer J(1998) Ion-

Excgange chromatoghraphy in: protein 

purification: principles high resolution, 

Method and Application. Second Edition 

by Jan. christer Janson and Lars Ryden-

Liss. A John Wiley and Sons, INC 

Publication.  

23. Palaniswamy M, Pradeep BV, Sathya R, 

Angayarkanni J (2008) Isolation , 

Identification and screening of potential 



Shimal Younis Abdel- Hadi et. al. | Journal of Global Pharma Technology | 2020| Vol. 12| Issue 02 (Suppl.) |460-469 

©2009-2020, JGPT. All Rights Reserved                                                                                                                                           469 

xylanolytic enzyme from litter degrading 

fungi. Biotechnol., 7(11): 1978-1982.  

24. Patel K, Prajapati K (2014) Xylanase 

production by Cladosporium sp. From 

agricultural waste. Curr. Res. Aca. Rev., 2 

(12): 84-90.  

25. Abd-Elsalam KA, Almohimed I, Moslem 

MA, Bahkali AH (2010) M13-

Microsatellite PCR and rDNA sequence 

markers for identification of Trichoderma 

species in Saudi Arabian Soil. GMR., 9(4): 

2016-2024. 

26. Shahid M, Srivastava M, Sharma A, 

Rastogi S (2013) Molecular 

characterization of Trichoderma 

longibrachiatum 21PP isolated from 

rhizospheric soil based on universal ITS 

primers. Microbiol.Res., 7(41): 4902-4906. 

27. Segal IH (1976) Biochemical Calculation. 

2rd Edition, John Wiley and Sons, Inc. 

New York.  

28. Royer JC, Nakas JP (1991) Purification 

and characterization of two xylanasese 

from Trichoderma  longibrachiatum . 

Biochem., 20(2): 521-529.  

29. Chen C, Chen JL, Lin TY (1997) 

Purification and characterization of a 

xylanase from Trichoderma 

longibrachiatum from xylooligosaccharide 

production. Enzyme Microbiol. Technol., 

21: 91-96.  

30. Segel IH (1996) Biochemical Calculation . 

2rd Edition , John Wiley and Sons, Inc. 

New York.  

31. Soroor MAM, Ghazy A, Mahdy EMS, El-

Khonezy MI (2013) Purification and 

characterization of cellulose- poor 

xylanases from Trichoderma ressei F418 

grown on rice straw by solid state 

fermentation . Appl. Sci. Res., 9(3): 1702-

1713.  

32. Muslim SN, Shafiq SA, Khudhai MF 

(2013) Purification of endo-1,4- beta 

xylanase from Trichoderma reseei and 

functional characterization of the produced 

enzyme. RIP., 9(1): 364-376.  

33. Silva LAO, Terrasan CRF, Carmona EC 

(2015) Purification and characterization of 

xylanases from Trichoderma inhamatum. 

Biotechnol., 18: 307-313.  

34. Whitaker JR (1972 ) Principles of 

Enzymology for the Food Science. Mercel 

Dekk. Inc. New york. USA. 

35. He J, Yu B, Zhang K, Ding X, Chen C 

(2009) Expression of endo-1, 4-beta-

xylanase from Trichoderma reesei in 

Pichia pastoris and functional 

characterization of the produced enzyme. 

BMC Biotechnology., 9:56.  

36. Shi P,Du Y,Yang H, Zhang X, Yao B (2015) 

Molecular characterization of a new 

alkaline tolerant xylanase from Humicola 

insolens Y1 . Bio Med Res., 3 : 1-7.  

37. Sinma K, Khucharoenphaisan K, 

Kitpreechavanich V, Tokuyama S (2011) 

Purification and Characterization of a 

Thermostable Xylanase from 

Saccharopolyspora pathumthaniensis S582 

Isolated from the Gut of a Termite Biosci. 

Biotechnol. Biochem .,75 (10) : 1957-1963. 

38. Irfan M, Syed Q (2012) Partial purification 

and characterization of xylanase from 

Trichoderma viride produced under solid 

state fermentation . IJARNP., 591: 7-11. 

 

 


