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ABSTRACT: Xylan, extracted from oat spelts in a previouskyevas assayed by HPLC and used as carbon
source for the production of xylanase fraxspergillus flavus AUMC 10331. The produced xylanase was
purified using ion exchange resin (IR-120 EP) aatfifration column of Sephadex G-75 and Sepha@ex
100. The purified xylanase showed total activitysdd 1U/ml and specific activity of 687.5 IU/mg, cuthe
enzyme purified 156.75 fold with 4.43 % yield. Thiaghest activity at pH 7.0 and 10.5 indicating two
xylanases with the most interesting one with a maxn activity at pH 10.5 and 65 °C. The enzyme #&gtiv
was greatly stimulated by 5 mM of FeSé&nd CuS@ while slightly inhibited by other metal ionskand
Vmaxwere determined as 8.36 mg/ml and 172.4 lU/mineetyely.

Keywords: XylanaseAspergillus flavus; Fermentation.

1. INTRODUCTION

A great attention is being manipulated towardsdéeclopment of renewable energy resources to meet
future energy requirements with continued worldrgpeexhaustion. In the plant cell walls, xylan hi& tmost
common hemicellulose comes next to cellulose [lhtdouting up to 30% of the plant cell wall in
angiosperms and up to 10% of the cell wall in gyspasms [2], as well as (<30%) in annual plants imtb
35% of the renewable organic carbon on Earth, darahgy associated to cellulose microfibrils [3]h&
degradation of xylan requires synergistic actiorse¥eral hydrolytic enzymes acting together, frohiclw
endog-1,4-xylanase is the most important one which &xtsleave the internal bonds in xylan backbone as
well as reducing the degree of polymerization & flolymer [4, 5]. Fungi are commonly used as soofce
xylanases, and their xylanolytic systems have heidely studied [5-13]. A variety of microorganisrhave
been reported to produce xylanase, in which furgitile most potent producers [14]. However, xylapase
produced mainly byAspergillus and Trichoderma spp. on an industrial scale [9]. A large number of
Aspergillus species have been reported as good producersasfaggés [10, 12, 15].

This current investigation was designed to eveltla¢ production of extreme xylanase from extracted
oat spelt xylan using. flavusisolated from an extreme environment.
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2. MATERIALSAND METHODS
2.1. Strain selection

Aspergillus flavus was isolated on Czapek's Dox agar + 10% NacCl frarawvaly reclaimed soil sample
collected from around Lake Beida in Wadi-El-Natidepression, Egypt [16]. The strain was identifisthg
phenotypic characteristics and ITS region, and diégad in the culture collection of Assiut Univeysit
Mycological Centre as AUMC 10331 and its sequeraia avere uploaded to GenBank as accession number
KX531011. Among many fungal strains screened, shigin was potent for xylanase production [13],itso
was selected for production of xylanase from oattsgylan in submerged fermentation.

2.2. HPL C assay of extracted xylan

Characterization of the prepared xylan using HPL@ Wluorescent detection was conducted at the
Analytical Chemistry Unit at the Faculty of Scienéessiut University, Assiut, Egypt. A wavelength 285
nm was used as an excitation and 345 nm as aniemisse. A 0.5 g of prepared xylan from oat spelés
dissolved in 5 ml Milli-Q water, and then 10, 25da80 ng/ul of this solution was injected at a réamtime
of 3.528 min (Figure 1).

Figure 1. Standard 10 ppm of xylan in blue color and oattsg{#&:1) in red color.

2.3. Xylanase production

Xylan extracted from oat spelts [13] was used asla carbon source in sucrose-free Czapek's broth
medium which has the composition of (g/l): oat spelylan, 10; NaNO;, 2; KC1, 0.5; MgSQ7H,0, 0.5;
KoHPQ,, 1; FeSQ, 0.01; ZnSQ 0.01; CuS@ 0.005. Fifty ml of xylanase-production medium veispersed
into each Erlenmeyer conical flasks (250 ml). Afsartoclaving, the medium was inoculated with 1 ml
suspension containing 1 x ®@pore/ml) from 7-day-old culture & flawus AUMC 10331. The culture
conditions were adjusted at pH, 9.0, 35 °C, 120 fgr 96 hours incubation period [13].

2.4. Xylanase assay and protein deter mination

Xylanase activity was determined by mixing 0.9 rhll&6 birchwood xylan (prepared in 50 mM Na-
citrate buffer, pH 5.0) with 0.1 ml of the enzymedahe reaction mixture was incubated at 50° Clfdbmin
[17]. The reaction was stopped by addition of 21®@H8, 5-dinitrosalicylic acid (DNS) and the conte were
boiled at 100 °C in water bath for 10 min [18]. éftcooling, the absorbance was detected at 540Ti6@ (
UV-Visible spectrophotometer). The amount of redgcsugar liberated was quantified using xylose as
standard. One unit of xylanase is defined as theuainof enzyme that liberates 1 pmol of xylose eajeints
per minute under the standard assay conditions Pir®}ein content was estimated by the method afifrd
[20] using bovine serum albumin as standard. X\darepecific activity corresponded to lU/mg protein.
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2.5. Xylanase purification procedures
All purification procedures were performed at 4t@less otherwise specified.
2.5.1. Ammonium sulfate precipitation

The crude cell-free extracellular xylanase was iobth by ultrafiltration of the culture broth thrdug
0.45 pm cellulose membrane filter. The clear sug@mt was subjected to 60% ammonium sulfate
precipitation, and the obtained protein was coldand lyophilized.

2.5.2. Dialysis

One g of the lyophilized enzyme was dissolved inml®f citrate buffer (pH 5.0) and dialyzed against
the same buffer for 8 h with replacement of thefdrugvery 2 h.

2.5.3. lon exchange column

The dialyzed enzyme was further purified by IR-BE®cation exchange column (2.4 x 20) cm. The
bound proteins were eluted with 500 ml of (0.0 }MONaCl gradient at a flow rate of 0.25 ml/min. [dgase
fractions with the highest activity were collectadd concentrated by lyophilization, and used agfipdr
enzyme for subsequent purification steps.

2.5.4. Sephadex G-75 gel filtration column

The dialyzed xylanase was further purified by atBelex G-75 column (2.4 x 50) cm with elution
using 500 ml of (0.0-1.0) M NaCl in the same butiea flow rate of 0.25 ml/min. The highly activadtions
for xylanase activity were collected and concesttaby lyophilization, and used as purified enzyroe f
subsequent studies.

2.5.5. Sephadex G-100 gdl filtration column

The concentrated xylanase fractions obtained freph&dex G-75 column was further purified by a
Sephadex G-100 column (2.4 x 50) cm and eluted 8@t ml of (0.0-1.0) M NaCl in the same buffer at a
flow rate of 0.25 ml/min. The highly active xylamafactions were collected, concentrated and used a
purified enzyme for subsequent studies.

2.6. Effects of pH and temper ature on xylanase activity

At pH 5.0, xylanase activity was determined betw8efC and 90°C in 5°C increment. For optimum
pH determination, 1% birchwood xylan and the padfienzyme solution were prepared in 50 mM of
different pH values ranging from 3.0 to 12.0 in threment and incubated at the optimum temperdture
30 min. The reducing sugars liberated were detexehjh8] and the enzyme activity was calculated.

2.7. Kinetic parameters

The effect of birchwood xylan concentration on xylae activity was evaluated under optimal assay
conditions. 0.5 ml of diluted enzyme solution wasubated with 0.5 ml of various concentrations {D.(%)
of soluble Birchwood xylan in 50 mM sodium citrdiaffer at optimum pH and temperature for 10 min in
water bath. Xylanase activity was assayed as destrabove. The kinetic parameters (Michaelis-Menten
constant, Ig and maximal reaction velocity,.My) were estimated by linear regression from doubt@procal
plots according to Lineweaver and Burk [21].

2.8. Substrate specificity

The specificity of xylanase was evaluated by raptadirchwood xylan in the standard colorimetric
assay with a variety of xylan and non-xylan deriyadymeric substrates (Birchwood xylan, oat spglar,
carboxymethyl cellulose, Avicell). The reducing atgy released were quantified by spectrophotomdter a
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wavelength of 540 nm and compared to those obtdordoirchwood xylan.

3.RESULTS

3.1. HPL C assay of extracted xylan

To calculate the xylan concentration in the oatraett calibration curve was constructed using a
standard solution of xylan. A good linearity wagaibed with B = 0.9907. The xylan purity was found to be
56.92%.

3.2. Enzyme purification

Xylanase purification was performed using colummoamatography technique including Sephadex
G-75 and Sephadex G-100. The crude enzyme haslaatdivity of 9.768 IU/ml and a specific activiof
31.5 IU/mg proteins; during this step, the enzynas wurified 7.2 fold with 7.86 % recovery. The fied
xylanase showed total activity of 5.5 IU/ml and @fie activity of 687.5 IU/mg proteins and the enzy
was purified 156.75 fold with 4.43 % recovery. Theification fold revealed that the degree of theified
enzyme was higher after Sephadex G-75 and G-10fitgation columns (Table 1).

Table 1. Purification profile of xylanase from oat speliiaty byA. flavus.

Volume Activity Total protein Specific activity  Purification . 0
Sample ml (1u/mi) (mg/ml) (IU/mg) fold Yield (%)
Fermentation 1000 124.21 28.32 4.386 1 100
medium
Ammonium
sulfate (60 %) 10 9.768 0.31 315 7.2 7.86
Sephadex G-75 4 55 0.008 687.5 156.75 4.43

and G-100

3.3. Effect of pH on xylanase activity

The activity of xylanase at different pH valuesswaeasured using birchwood xylan as the substrate.
Relatively high activity of the enzyme was detedcitdlkaline pH of 10.5-11.5 with existing of twegks at
pH 7.0 and 10.5 were found indicating two xylangsesluced byA. flavus. The most interesting one is that
enzyme which was active at pH 10.5 (Figure 2).

3.4. Effect of temperature on xylanase activity at pH 10.5

The optimum temperature for xylanase activity by plurified enzyme was determined by varying the
reaction temperature at pH 10.5. The enzyme hagpimum temperature of 65°C (Figure 3).
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Figure 2. Effect of pH on the activity of the purified xylase produced b. flavus AUMC 10331.
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Figure 3. Effect of temperature on the activity of the piedfxylanase by. flavus AUMC 10331.

3.5. Effect of metal ions on xylanase activity

The enzyme activity was greatly stimulated by 5 mMFeSQ and CuSQachieving 341.88% and
240.1% respectively compared to control. In comtriaavas slightly inhibited by other metal ionsafile 2;

Figure 4).

Table 2. Effect of some metal ions on xylanase activity.

Metal ion (5 mM/ml) Xylanase activity Residual activity (%)

Control 12.2988 100
F&* 42.0468 341.88
zZn?t 10.9668 89.17
ce* 11.3664 92.42
cuw* 29.526 240.1
Ni%* 11.4996 93.5
co** 10.434 84.1
Mg?* 11.6772 94.94
EDTA 12.12 98.54
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Figure 4. Effect of some metal ions on xylanase activity.

Eur. J. Biol. Res. 2019; 9(1): 20-28 http://www.journals.tmkarpinski.com/index.php/ejbr



Moubasher et al. Production and purification of extreme xylanase from Aspergillus flavus 25

3.6. Km and Vmax of xylanase

When birchwood xylan concentration was used at0tang/ml, the purified xylanase was found to be
compatible with Michaelis-Menten kinetics.,kand \,,.x were determined as 8.36 mg/ml and 172.4 IU/ml
respectively indicating a high affinity of the plied xylanase to birchwood xylan.

3.7. Substrate specificity of the crude and purified xylanase

The crude and purified xylanase were screenedhfair tiydrolytic activity with xylan- (Birchwood
xylan, oat spelt xylan) and non-xylan (carboxymettsilulose and Avicell), derived polymeric substisa
The highest activity was observed for oat spelarybllowed by Avicell (Table 3).

Table 3. Crude and purified xylanase activity as affectedlifferent substrates.

Crude xylanase Purified xylanase
Substrate Total protein = 0.31 mg/ml Total protein = 0.008 mg/ml

Total activity Specific activity Total activity Specific activity

1U/ml/min IU/mg protein 1U/ml/min IU/mg protein

Birchwood xylan 9.768 315 5.5 687.5
Oat spelt xylan 65.89 212.55 36.23 4528.75
CMC 0.011 0.035 0.00 0.00
Avicell 47.24 152.38 18.115 2264.4

5. DISCUSSION

Xylanase was purified by two step gel filtrationr@matography using Sephadex G-75 and G-100
columns. The enzyme from the fermentation mediuaidgid 124.21 1U/ml which could be considered much
higher than the xylanase activity produced in SmFAbflavus K-03 (45 1U/ml) from birchwood xylan [7]
and that produced b4. terreus UL 4209 (35 IU/ml) from oat spelt xylan [8] ard brasiliensis ATCC 16404
(11.49 1U/ml) from wheat bran [22], however itsigity was lower than that yielded dymericella nidulans
NK-62 (362 IU/ml) from wheat bran in SmF [23]. Ometother hand, pure birchwood xylan was found to
induce relatively high levels of xylanase produetia Aspergillus flavus K-03[7], Trichosporon cutaneum
[24], andThermomyces lanuginosus [25], while oat spelt xylan was found to be moréathle than birchwood
xylan for cellulose-free xylanase production Ayterreus UL 4209 [8]. Generally, xylanases are induced in
most microorganisms during growth on substratesatoimg xylan because oat spelt and birchwood >g/lan
were capable of playing a key role in the regutatthxylanase production [26].

In the current study, the enzyme was purified t6.75 fold with 4.43% recovery. The high
purification fold may be attributed to using of twpes of Sephadex in the purification process.séhgpes
of Sephadex G-75 and G-100 have fractionation rafg&80 KD and 4-150 KD respectively [27]. Thus,
large amounts of proteins were excluded and elotgdyielding very low amount of total protein (080
mg/ml) and low yield (4.43%) and the purified enzymsing Sephadex reached a specific activity of %87
IU/mg protein which is much higher than that giv®nxylanase produced B ficuum AF-98 (288.7 U/mg)
purified to 32.6 fold with 15.3% yield [9] using tnstep column chromatography of DEAE-Sephadex A-50
ion exchange resin and Sephadex G-100 column chogmaghy, and it was higher than the specific @gtiv
of xylanase produced Wy. nidulans NK-62 (275 1U/mg) using wheat bran as a substrattiglly purified by
80% ammonium sulfate [23].

In the present investigation, the activity of xydae produced from oat spelt xylan Ayflavus was
detected at a broad pH profile with two peaks beliatgcted at pH 7.0 and 10.5 indicating that twWangses
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are produced. However, it showed residual actiwityy5.6% at pH 11. The most interesting resulthst fit
was active at pH 10.5 giving its optimum activitye®°C. In this respect, xylanase produced usinigspalt
xylan as a sole carbon source Ayniger Z1 gave its maximum activity at pH 7.5 and 60°C][28d A.
fumigatus MA-28 at pH 8.0 and 50°C [11], however, the enzyofied. fumigatus MA-28 showed residual
activity at 60-70°C (53-75%) and at alkaline pH 858-88 %). The optimum xylanase activity was ditec
for Fusarium proliferatum NRRL 26517 at pH 5.0-5.5 and 55 °C using cornrfiogan [6], for A. niger at pH
5.0 and 60°C using beechwood xylan [29], Toichoderma reesei QM9414 at pH 5.3 and 50°C utilizing
birchwood xylan [30] and foA. niger SCTCC400264 at pH 5.5 and 60°C on oat spelt xj@@h

Regarding the effect of metal ions, the activityxgfanase produced bA. flavus from oat spelt xylan
was greatly enhanced by addition of 5 mM of ‘Fend Cd* to the reaction mixture and it reached 341.88%
and 240.1% respectively. In harmony with the curmesults, the activity of xylanase produced Ay
fumigatus MA-28 was enhanced by Feby 40% while EDTA and Mg inhibited xylanase activity and
resulted in loss of 65% and 58% of activity resjpwety [11]. The activity of xylanase produced Ayficuum
AF-98 was activated by Glup to 115.8 % while it was inhibited by ¥¢9]. However, the activity of
xylanase fromA. awamori 2B.361 U2/1 was activated by Kfgand inhibited by Cti[31].

In the present study, the kinetic parameters ferethzyme produced from oat spelt xylanfflavus
were calculated and the.Kand Vj,.x were found to be 8.36 mg/ml and 172.4 |U/ml resipely for
birchwood xylan. These values are in harmony wlith values presented by other fungal xylanases which
range from 0.09 to 40.9 mg/ml for, End from 0.106 to 6300 1U/min for\[32]. In the current results, K
value for the purified xylanase &. flavuswas higher than thatreported far fumigatus MA-28 (K., 4.9
mg/ml) [11], A. foetidus (K, 3.58 mg/ml) [33],A. ficuum AF-98 (K, 3.75 mg/ml) [9] andTrichoderma
harzianum strain T4 (K, 1.61 mg/ml) [34]. The K value of the current results showed that the matif
xylanase has a high affinity for the substrate.sTiki of significance in industrial use of the eneyras
conversion rate is high for the enzyme with loy Walue [35].

Regarding the substrate specificity of the enzymé.dlavus, higher activity was observed for oat
spelt xylan, a branched arabinoxylan (4528.75 IUfimgfein) followed by avicell (2264.4 1U/mg) thalmat
on less branched birchwood xylan (687.5 IU/mg). Hutivity of the xylanase towards carboxymethyl
cellulose and microcrystalline cellulose (avicétijlicates that this enzyme belongs to family 10arglses.
The substrate specificity studies have revealetfémily 10 xylanases may not be entirely spedificxylan
and may also be active on cellulose substrateslaithmolecular mass [3, 36].

Author Contributions: AHM and MAI are supervisors of the study, theyidasd research and writing the
manuscript and both authors read and approvedirtaé groduction of the manuscript. RAM and OAAB
carried out the experiments, analyzed the datatevand revised the manuscript, performed the etidraend
purification methods of xylanase enzyme and caraetithe research point by point. All authors read
approved the final manuscript.

Conflict of Interest: The authors declare no conflict of interest.

Acknowledgments: Prof. Nagwa Abou El-Maali, Vice Dean of Faculty ®¢ience for graduate studies and
research, is greatly acknowledged for her kind elpe characterization of the extracted xylamgdiPLC.

REFERENCES

1. Dhiman SS, Sharma J, Battan B. Industrial apptios and future prospects of microbial xylanases:
review. BioRes. 2008; 3(4): 1377-1402.

2. Singh S, Madlala AM, Prior BA.Thermomyces lanuginosus. properties of strains and their
hemicellulasesFEMS Microbiol Rev. 2003; 27(1): 3-16.

3. Collins T, Gerday C, Feller G. Xylanases, xykmdamilies and extremophilic xylanases. FEMS

Eur. J. Biol. Res. 2019; 9(1): 20-28 http://www.journals.tmkarpinski.com/index.php/ejbr



Moubasher et al. Production and purification of extreme xylanase from Aspergillus flavus 27

Microbiol Rev. 2005; 29(1): 3-23.
Biely P. Microbial xylanolytic systems. Trend®&chnol. 1985; 3(11): 286-290.

5. Polizeli M, Rizzatti ACS, Monti R, Terenzi Hfrge JA, Amorim DS. Xylanases from fungi: propestie
and industrial applications. Appl Microbiol Biotauhl. 2005; 67(5): 577-591.

6. Saha BC. Production, purification and propertasxylanase from a newly isolateBusarium
proliferatum. Process Biochem. 2002; 37(11): 1279-1284.

7. Kim JD. Production of xylanolytic enzyme compliegm Aspergillus flavus using agricultural wastes.
Mycobiology. 2005; 33(2): 84-89.

8. Chidi SB, Godana B, Ncube I, Van Rensburg Edn€iaw A, Abotsi EK. Production, purification and
characterization of celullase-free xylanase frAgpergillus terreus UL 4209. Afr J Biotechnol. 2008;
7(21): 3939-3948.

9. Fengxia L, Mei L, Zhaoxin L, Xiaomei B, Haizheéfy Yi W. Purification and characterization of
xylanase fromAspergillus ficuum AF-98. Biores Technol. 2008; 99(13): 5938-5941.

10. Betini JHA, Michelin M, Peixoto-Nogueira SCrde JA, Terenzi HF, Polizeli MLTM. Xylanases from
Aspergillus niger, Aspergillus niveus and Aspergillus ochraceus produced under solid-state fermentation
and their application in cellulose pulp bleachiBgprocess Biosystems Engin. 2009; 32(6): 819-824.

11. Bajaj BK, Abbass M. Studies on an alkali-thestable xylanase fromspergillus fumigatus MA28. 3
Biotech. 2011; 1(3): 161-171.

12. de Guimaraes NCA, Sorgatto M, Peixoto-Nogu&i€a Betini JHA, Zanoelo FF, Marques MR, et al.
Bioprocess and biotechnology: effect of xylanasenfAspergillus niger and Aspergillus flavus on pulp
biobleaching and enzyme production using agroim@lsesidues as substract. SpringerPlus. 2013; 2(1
380.

13. Moubasher AH, Ismail MA, Mohamed RA, Al-BedalAOXylanase and cellulase production under
extreme conditions in submerged fermentation byesfumgi isolated from hypersaline, alkaline lakes
of Wadi-El-Natrun, Egypt. J Basic Appl Mycol. 2018;19-32.

14. Haltrich D, Nidetzky B, Kulbe KD, Steiner W, gancic S. Production of fungal xylanases. Biores
Technol. 1996; 58(2): 137-161.

15. Abdel-Sater M, El-Said A. Xylan-decomposing durand xylanolytic activity in agricultural and
industrial wastes. Int Biodeterior Biodegrad. 2087(¢1): 15-21.

16. Ismail M, Moubasher AH, Mohamed RA, Al-Bedak C&xtremophilic fungi and chemical analysis of
hypersaline, alkaline lakes of Wadi-El-Natrun, Egypt J Techn Res Sci. 2017; 1(10): 345-363.

17. Bailey MJ, Biely P, Poutanen K. Interlaboratdéegting of methods for assay of xylanase actity.
Biotechnol. 1992; 23(3): 257-270.

18. Miller GL. Use of dinitrosalicylic acid reagefar determination of reducing sugar. Anal Chem59;9
31(3): 426-428.

19. Ghose T, Bisaria VS. Measurement of hemicedrikactivities: Part | Xylanases. Pure Appl Chen8719
59(12): 1739-1751.

20. Bradford MM. A rapid and sensitive method fbe tquantitation of microgram quantities of protein
utilizing the principle of protein-dye binding. AnRiochem. 1976; 72(1-2): 248-254.

21. Lineweaver H, Burk D. The determination of emeydissociation constants. J Am Chem Soc. 1934;
56(3): 658-666.

22. Ho HL, lylia Z. Optimised production of xylarasy Aspergillus brasiliensis under submerged
fermentation (SmF) and its purification using a tstep column chromatography. J Adv Biol

Eur. J. Biol. Res. 2019; 9(1): 20-28 http://www.journals.tmkarpinski.com/index.php/ejbr



Moubasher et al. Production and purification of extreme xylanase from Aspergillus flavus 28

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Biotechnol. 2015; 4(3): 1-22.

Kango N, Agrawal S, Jain P. Production of xge# byEmericella nidulans NK-62 on low-value
lignocellulosic substrates. World J Microbiol Biokaol. 2003; 19(7): 691-694.

Liu W, Lu Y, Ma G. Induction and glucose remiea of endds-xylanase in the yeadirichosporon
cutaneum SL409. Process Biochem. 1999; 34(1): 67-72.

Damaso MC, Andrade CM, Pereira N. Use of cdinfim endoxylanase production by thermophilic
fungus Thermomyces lanuginosus I0C-4145. In: Twenty-First Symposium on Biotechrgidor Fuels
and Chemicals. Springer, 2000.

Purkarthofer H, Steiner W. Induction of erfil@ylanase in the fungu$hermomyces lanuginosus.
Enzyme Microbial Technol. 1995; 17(2): 114-118.

Porath J, Flodin P. Gel filtration: a method desalting and group separation. Nature. 1959(46533®):
1657-1659.

Coral G, Arikan B, Unaldi MN, Givenmez HK. Sommperties of thermostable xylanase from an
Aspergillus niger strain Annals Microbiol. 2002; 52(3): 299-306.

Zheng J, Guo N, Wu L, Tian J, Zhou H. Chararation and constitutive expression of a novel ehdo
4-B-d-xylanohydrolase fromf\spergillus niger in Pichia pastoris. Biotechnol Lett. 2013; 35(9): 1433-
1440.

Li XR, Xu H, Xie J, Yi QF, Li W, Qiao DR, et.alhermostable sites and catalytic characterizadifon
xylanase XYNB ofAspergillus niger SCTCC 400264. J Microbiol Biotechnol. 2011; 24@83-488.
Umsza-Guez MA, Diaz AB, Ory |, Blandino A, Gasrig, Caro |. Xylanase production Bgpergillus
awamori under solid state fermentation conditions on ton@imace. Braz J Microbiol. 2011; 42(4):
1585-1597.

Beg QK. Microbialxylanases andtheirindustriglégations: areview. Appl Microbiol Biotechnol. 200
56: 326-338.

Shah AR, Madamwar D. Xylanase production usdéid-state fermentation and its characterizatipn b
an isolated strain ofspergillus foetidusin India. World J Microbiol Biotechnol. 2005; 21(3233-243.
Franco PF, Ferreira HM, Ferreira Filho EX. Ricttbn and characterization of hemicellulase atitisi
from Trichoderma harzianum strain T4. Biotechnol Appl Biochem. 2004; 40(3)52859.

Ahmed S, Riaz S, Jamil A. Molecular cloning fahgal xylanases: an overview. Appl Microbiol
Biotechnol. 2009; 84(1): 19-35.

Teplitsky A, Shulami S, Moryles S, ShohambSHoham G. Crystallization and preliminaryry
analysis of an intracellular xylanase fr@acillus stearothermophilus T-6. Acta Crystallogr Section D.
2000; 56(2): 181-184.

Eur. J. Biol. Res. 2019; 9(1): 20-28 http://www.journals.tmkarpinski.com/index.php/ejbr



