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ABSTRACT

In this study, some physiological conditions affecting the activity of xylanase enzyme produced from Trichoderma
harzianum 1073 D3 were determined.  In addition, stabili zation of pH and temperature in liquid and semi-solid
state culti vation media were investigated.  It was concluded that for maximum xylanase activity, incubation at
60°C in an enzyme incubation medium with pH 5 that contained 1 % xylan was appropriate.  The stabilit y studies
showed that the enzyme was relatively stable in the pH range 3-7 and retained more than 50 % of its original
activity after four months.
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INTRODUCTION

Lignocellulosic materials are widespread in nature
and xylan is a polysaccharide found in the
hemicellulosic fraction of lignocellulose.  Xylan is a
potential significant resource for renewable
biomass, which can be utili zed as a substrate for
the preparation of many products such as fuels,
solvents and pharmaceuticals.  Corn, wheat stem,
barley shells and similar material contain xylan
(Gomes et al., 1992; Gawande and Kamat, 1999;
Beg et al., 2001; Subramaniyan and Prema, 2002).
On the other hand, xylanases (E.C. 3.2.1.8) are
needed for making use of hemicelluloses.  For most
bioconversion processes, xylan must first be
converted to xylose or xylo-oligosaccharides. This
can be done either by acid hydrolysis or by the use
of xylanolytic enzymes (Chivero et al., 2001).
Xylanase enzyme deconstructs plant structural
material by breaking down hemicellulose, a major

component of the plant cell wall .  Xylanases are
produced from many different fungi and bacteria.
Xylanase enzymes are used commercially in the
pulp and paper, food, beverage, textile and animal
feed industries (Tan et al., 1987; Wong et al.,
1988; Li et al., 2000).  Most commercial xylanases
are produced by Trichoderma, Bacill us,
Aspergill us, Penicilli um, Aureobasidium, and
Talaromyces sp. (Li et al., 2000).
 In this study, some physiological conditions
affecting the activity of xylanase enzyme produced
from Trichoderma harzianum 1073 D3, namely
pH, temperature, reaction time and substrate
concentration were determined.  In addition, the
effect of metal ions and different carbon sources
were determined and finally pH and temperature
stabili ties of the xylanase enzyme were studied both
in liquid and semi-solid state cultivation media.
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MATERIALS AND METHODS

Microbial Strain
In the study, Trichoderma harzianum 1073 D3,
which was isolated and classified from the
microflora of Turkey by Marmara Research
Center, was used for production of the xylanase
enzyme. Stock cultures were maintained on potato
dextrose agar at 4ºC.
Medium. Two different media were used for
xylanase production.  Liquid medium described by
Kim et al. (1985) was used with some modification
for growth and enzyme production. It contained
(gl-1); 0.5 Proteous-peptone, 0.3 urea, 0.2 KH2PO4,
0.3 CaCl2, 0.2 Tween-80, 1.4 (NH4)2SO4,
0.3 MgSO47H2O and 1 % xylan (sigma) as carbon
source. In 250 ml flasks, 100 ml of medium was
sterili zed in autoclave at 121ºC, 1.5 atm for 15
min.
Wheat bran was used for the semi-solid state
cultivation medium, which contained 10 g wheat
bran and 10 ml distill ed water prepared in 250 ml
Erlenmeyer flask.  Semi-solid state medium was
sterili zed in autoclave at 121ºC, 1.5 atm for 2 h.
After sterili zation, trace element solution at 0.1 %
concentration was added to both the media. The
trace element solution contained (gl-1); 0.05 FeSO4,
0.014 ZnSO47H2O, 0.02 CoCl2, 0.016 MnSO4.
Inoculation. One ml spore suspensions containing
15.106 spores were inoculated into the growth
media. The liquid medium was incubated at 30ºC
for 13 days and agitated at 150 rpm, whereas the
semi-solid state medium was incubated at 30ºC for
5 days.
Enzyme Activity. The enzyme activity was
measured by modifying the method described by
Khanna and Gauri (1993), using a 0.1 M sodium-
acetate buffer with pH 5. The liquid culture fil trate
was centrifuged at 7,200 rpm for 15 min, while the
semi-solid medium was mixed with 100 ml distill ed
water at room temperature and agitated for 1 h and
used as the enzyme sample.  One ml of 1 % xylan
solution (in 0.1 M, pH 5 sodium acetate buffer) and
0.5 ml enzyme sample were added to the reaction
tubes and incubated for 30 min at 37ºC and then
centrifuged at 7,200 rpm for 10 min. The amount
of reducing sugar in the reaction tubes was
measured using the Dinitrosalicylic Acid Method
(DNS) described by Mill er (1959). The absorbance

was read at 550 nm using Jenway, 105 u.v. vis
spectrophotometer. The amount of reducing sugar
was calculated from the standard curve based on
the equivalent glucose. One unit xylanase activity
was described as the amount of enzyme producing�� �� �� ���	
��� 
	��� �� � �� ����	� �� �
minute under standard test conditions. The amount
of protein was determined by Lowry Method
(Lowry et al., 1951).
The optimum pH value for the reaction was
determined by varying pH values of 0.1 M sodium
acetate buffer between 4-6 while all other
parameters were kept constant.  After incubation at
37°C for 30 min, xylanase activity was determined
as described above. In order to investigate the
effect of substrate concentration, xylan ranging
from 0.1 % to 1.5 % (in 0.1 M sodium acetate
buffer) was added to the reaction medium, while all
other parameters were kept constant. The effect of
reaction time on enzyme activity was investigated
by incubating the reaction media at 37°C for 20 to
60 min while keeping all other parameters constant.
Finally, in order to investigate the effect of
temperature, reaction media were incubated for 30
min at different temperatures between 20 and 70°C.
Temperature stabilit y.  Temperature stabili ty was
assessed by preincubating enzyme solutions for 2 h
at 30, 40, 50, 60 and 70°C prior to addition of
substrate and the determination of activity at 37°C.
pH stabilit y.  pH stabili ty was determined by
preincubating enzyme solutions at pH values of 3,
4, 5, 6 and 7 for 24 h prior to the addition of
substrate and the determination of activity at pH 5.

Metal ions
The mixture of 1 ml xylan substrate, 0.5 ml
dialyzed enzyme and 1 ml different metal ions
(Mn2+, Zn2+, Cu2+, Ca2+, K2+, Mg2+) were incubated
at 37°C for 30 min. After incubation, enzyme
activities were determined.  Ions were added in the
assay buffer at a level of 1 mM.  The percent
activity was determined based on the reference
sample, which did not contain any metal ion.
The mixture of 1 ml xylan substrate, 0.5 ml
enzyme and 1 ml different carbon sources (glucose,
galactose, fructose, lactose, xylose and sucrose)
was incubated at 37°C for 30 min. After
incubation, enzyme activities were determined.
Carbon sources were added in the assay buffer at a
level of 10 mM.  The percent activity was
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determined based on the reference sample, which
does not contain any carbon source.  Xylanase
enzyme was kept at 4°C and enzyme activity was
determined at certain time intervals for 120 days.

RESULTS

In this study, xylanase activities of liquid and semi-
solid state media were 480.1 Uml-1 and 185.2 Ug-1,
respectively.
Fig. 1 shows the results on the effect of pH on
xylanase activity. It was observed that the activity
was maximum around pH 5. Different xylan
concentrations (between 0.1 % and 1.5 %) were
tested and it was concluded that the optimum xylan
concentration, where xylanase activity reached its
maximum value, was 1 % (Fig. 2).  When the
effect of reaction time on enzyme activity was
investigated, it was concluded that xylanase activity
was maximum at 50 min (Fig. 3).  Also,
experiments carried out at different temperatures
showed that the optimum temperature for xylanase
activity was 60°C (Fig. 4).
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Figure 1 - Effect of pH on xylanase activity

Since T. harzianum 1073 D3 xylanase is an
enzyme with a potential technological significance,
its stabili ty is of great importance.  In this respect,
enzyme stabili ty analyses produced in liquid and
semi-solid state media were carried out.  The
results are presented in Fig. 5.  For example, in
liquid medium the enzyme kept 90% of its original
activity after 2 h at 50°C and more than 65% at
60°C.  Experimental results revealed that thermal
stabili ty of semi-solid state culture was higher than

the liquid culture, similar to a previous study
(Deschamps and Huet, 1985).  Therefore, semi-
solid state medium should be preferred in
applications where high temperature stabili ty was
desired.
Similarly, the stabili ties of xylanase enzyme at
different pH values for the two different cultivation
media were studied.  It was concluded that enzyme
produced in liquid medium was more stable when
compared to the semi-solid state medium from pH
point of view.  The results are presented in Fig. 6.
For example, the enzyme produced in liquid
medium was relatively stable in the pH range 3.0-
7.0 and kept 95% of its original activity after 24 h
at room temperature (Fig. 6).
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Figure 2 - Effect of xylan concentration on xylanase
activity
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Figure 3 - Effect of reaction time on xylanase activity
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Figure 4 - Effect of temperature on xylanase activity

Referring to the potential use of the xylanase
enzyme in pulp and paper industry, some metal
ions occurring in pulp were included in this study.
Among those metal ions, Mn2+, Ca2+ and Zn2+

enhanced the xylanase activity whereas K2+ reduced

the activity.  Mg2+ and Cu2+ had no significant
effect on the activity (Table 1).
In order to investigate the effect of sugars on the
activity, six different sugars (glucose, galactose,
fructose, xylose, lactose and sucrose) were studied.
Among these, xylose was found to be increasing the
enzyme activity slightly, whereas others decrease
the activity (Table 1).
The results of the stabili ty analysis revealed that
the activity of the enzyme produced in liquid
medium did not decrease for 30 days.  The activity
decreased to 89 % of the original activity after 45
days and 70 % after 75 days.  It is a major
advantage of this enzyme that it kept more than
50% of its original activity even after 4 months,
which increased its importance in industrial
applications (Fig. 7).

Table 1 - Activation and/or Inhibition of Xylanase Activity
Metal ions Xylanase Activity (%) Carbon Sources Xylanase Activity (%)

none 100.0 none 100.0
Mn 107.6 glucose 76.4
Zn 103.9 galactose 75.8
Cu 99.9 xylose 103.2
Ca 108.6 fructose 81.0
K 96.6 lactose 96.7
Mg 99.8 sucrose 83.1
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Figure 5 - Enzyme thermostabilit y
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Figure 6 - Enzyme pH stabilit y
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Figure 7 - Enzyme stabilit y (liquid medium)
* Enzyme was kept at 4°C and activity

was determined at 37ºC for 30 min.

DISCUSSION

In order to maximize enzyme production and
decrease production costs, substrates such as wheat
bran are used to produce xylanase enzyme from
different fungi.  In similar studies, solid
fermentation was used especially with Trichoderma
sp. mainly due to economic reasons (Atev et al.,
1987; Deschamps and Huet, 1985).  Our
experimental results revealed that xylanase activity
was higher in liquid production medium.  However,
it should be noted that production time for the
liquid medium was 13 days and during this period
many batches could be carried out in semi-solid
state medium.  Therefore, both production media
have their own advantages and disadvantages.
Our studies revealed that the xylanase activity was
maximum around pH 5.  In studies carried out with
Trichoderma sp., it was also concluded that the
most suitable pH value for xylanase activity was 5
(Dekker, 1983; Gomes et al., 1992; Royer and
Nakkas, 1991).  The optimum pH was also around
5 in similar experiments on fungal xylanases
(Milagres et al., 1993; Gandhi et al., 1994;
Sigoill ot et al., 2002). In some other studies, in
order to determine xylanase activity generally pH
was kept around 5 (Bailey et al., 1992).  But
optimum pH value was found out to be 3 in a study
carried out with T. reesei Rut C-30 (Couchon and
LeDuyt, 1985).  Results of similar experiments in
li terature reveal that the optimal pH for bacterial
xylanases is, in general, slightly higher than the pH
optima of fungal xylanases, which is parallel with
our findings (Pham et al., 1998; Subramaniyan
et al., 2000; Sá-Pereira et al., 2002).

Our results on optimum xylan concentration were
similar with the results of the previous studies
(Atev et al., 1987; Leathers et al., 1984;
Deschamps and Huet, 1985; Keskar et al., 1989;
Royer and Nakas, 1991; Gomes et al., 1993).
When the effect of reaction time was investigated,
it was observed that xylanase activity was
maximum at 50 min.  As the enzyme-substrate
interaction period increases, the amount of products
also increases up to a certain point.  There are
reports on variation in incubation time for the
determination of xylanase activity. This was due to
the fact that microorganisms and xylan sources
were different (Royer and Nakas, 1991;
Deschamps and Huet, 1985; Atev et al., 1987;
Dekker, 1983; Gomes et al., 1993).
Optimum temperature for xylanase activity was
found out to be 60°C.  Similarly, in other studies
carried out with Trichoderma sp. it was concluded
that the optimum temperature varied between 45
and 60°C (Dekker, 1983; Gomes et al., 1992).
Besides, for fungal xylanases the optimum
temperature was 60°C (Chandra and Chandra,
1995; Chandra and Chandra, 1996; Gandhi et al.,
1994).
Similar to our findings, experimental results of
Ghanem et al. for Aspergill us terreus (Ghanem
et al., 2000) and Cesar and Mrsa for T.
lanuginosus (Cesar and Mrsa, 1996) showed that
Ca2+ enhanced xylanase activity.  Mn2+ and Zn2+

ions had also positive effect on xylanase activity
(Castro et al., 1997; Cesar and Mrsa, 1996).

RESUMO

Neste estudo algumas condições que afetam a
atividade da enzima xylanase produzida a partir de
Trichoderma harzianum 1073 D3 foram
determinadas. A estabili zação do pH e temperatura
em cultivo líquido e semi-sólido foram avaliados.
Foi concluído que para o máximo de atividade
xylanase foi obtida com 1% de xylano a
temperatura de 60ºC e pH 5.0.
Estudos de estabili dade demonstraram que a
enzima foi relativamente estável na faixa de pH
entre 3-7 e retém mais do que 50% de sua atividade
original após 4 meses.



Isil , S. and Nilufer, A.

Brazili an Archives of Biology and Technology

192

REFERENCES

Atev, A. P.; Panoyotov, C. A.; Bobareva, L. G.;
Damyanova, L. D. and Nicolava, D. (1987), Studies
of biosynthesis of hydrolases by Trichoderma sp. M7
on submerged and solid-state culti vation conditions.
Acta Biotechnologica, 7, 9-16.

Bailey, M. J.; Biely, P. and Poutanen, K. (1992),
Interlaboratory testing of xylanase activity. Journal
of Biotechnology, 23, 257-270.

Beg, Q. K.; Kapoor, M.; Mahajan, L. and Hoondal, G.
S. (2001), Microbial xylanases and their industrial
applications. Applied Microbiology and
Biotechnology, 56, 326-338.

Castro, L. P. M.; Trejo-Aguilar, B. A. and Osorio, G.
A. (1997), Thermostable xylanases produced at 37°C
and 45°C by a thermotolerant Aspergill us strain.
FEMS Microbiology Letters, 146, 97-102.

Cauchon, N. and Leduyt, A. (1985), Novel process for
the production of cellulolytic enzyme. Biotechnology
and Bioengineering, 27, 456-462.

Cesar, T. and Mirsa, V. (1996), Purification and
properties of the xylanase produced by Thermomyces
lanuginosus. Enzyme and Microbial Technology, 19,
289-296.

Chandra, R. K. and Chandra, T. S. (1995), A cellulase-
free xylanase from alkali -tolerant Aspergill us fischeri
Fxn1. Biotechnology Letters, 17, 309-314.

Chandra, R. K. and Chandra, T. S. (1996), Purification
and characterization of xylanase from alkali -tolerant
Aspergill us fischeri Fxn1. FEMS Microbiology
Letters, 145, 457-461.

Chivero, E. T.; Mutukumira, A. N. and Zvauya, R.
(2001), Partial purification and characterisation of a
xylanase enzyme produced by a microorganism
isolated from selected indigenous fruits of Zimbabwe.
Food Chemistry, 72, 179-185.

Dekker, R. F. H. (1983), Bioconversion of
hemicellulose: aspects of hemicellulose production
by Trichoderma reesei QM 9414 and enzymic
saccharification of hemicellulose. Biotechnology and
Bioengineering, 25, 1127-1146.

Deschamps, F. and Huet, M. C. (1985), Xylanase
production in solid-state fermantation: a study of its
properties. Applied Microbiology and Biotechnology,
22, 177-180.

Gandhi, J. P.; Koteswara, R. K. and Dave, P. J. (1994),
Characterization of extracellular thermostable
xylanase from Chaetomium globosum. Journal of
Chemical Technology and Biotechnology, 60, 55-60.

Gawande, P. V. and Kamat, M. Y. (1999), Production
of Aspergill us xylanase by lignocellulosic waste
fermentation and its application. Journal of Applied
Microbiology, 87, 511-519.

Ghanem, N. B.; Yusef, H. H. and Mahrouse, H. K.
(2000), Production of Aspergill us terreus xylanase in
solid-state cultures: application of the
Plackett¯Burman experimental design to evaluate
nutritional requirements. Bioresource Technology,
73, 113-121.

Gomes, J.; Gomes, I.; Steiner, W. and Esterbauer, H.
(1992), Production of cellulase and xylanase by a
wild strain of Trichoderma viride. Applied
Microbiology and Biotechnology, 36, 701-707.

Gomes, J.; Gomes, I.; Kreiner, W.; Esterbauer, H.;
Sinner, M. and Steiner, W. (1993), Production of
high level of cellulose-free and thermostable
xylanase by a wild strain of Thermomyces
lanuginosus using beechwood xylan. Journal of
Biotechnology, 30,  283-297.

Keskar, S. S.; Srinivasan, C. and Deshpande, V. V.
(1989), Chemical modification of a thermotolerant
Streptomyces. Biochemical Journal, 261, 49-55.

Khanna, S., Gauri (1993), Regulation, purification,
and properties of xylanase from Cellulomanas fimi.
Enzyme and Microbial Technology, 15, 990-995.

Kim, J. H.; Hosobuchi, M.; Kishimoto, M.; Seki, T.;
Yoshida, T.; Taguchi, H. and Ryu, D. D. Y. (1985),
Cellulase production by a solid state culture system.
Biotechnology and Bioengineering, 27, 1445-1450.

Leathers, T. D.; Kurtzman, C. P. and Detroy, R. W.
(1984), Overproduction and regulation of xylanase in
Aureobasidium pullulans and Cryptococcus albidus.
Biotechnology and Bioengineering Symposium, 14,
225-240.

Li, K.; Azadi, P.; Colli ns, R.; Tolan, J.; Kim, J. S.and
Eriksson, K. E. L. (2000), Relationships between
activities of xylanases and xylan structures. Enzyme
and Microbial Technology, 27, 89-94.

Lowry, O. H.; Rosenbrough, N. J.; Farr, A. L. and
Randal, R. J. (1951), Protein measurement with the
folin reagent. Journal of Biological Chemistry, 193,
265-275.

Milagres, A. M. F.; Lacis, L. S. and Prade, R. A.
(1993), Characterization of xylanase production by a
local isolate of Penicilli um janthinellum. Enzyme and
Microbial Technology, 15, 248-253.

Mill er, G. L. (1959), Use of dinitrosali cili c acid
reagent for determination of reducing sugar.
Analytical Chemistry, 31, 426-428.

Pham, P. L.; Taill andier, P.; Delmas, M. and
Strehaiano, P. (1998), Production of xylanases by
Bacill us polymyxa using lignocellulosic wastes.
Industrial Crops and Products, 7, 195-203.

Royer, J. C. and Nakas, J. N. (1991), Purification and
characterization of two xylanases from Trichoderma
longibrachiatum. Journal of Biochemistry, 202,
521-529.



Investigation of Factors Affecting Xylanase Activity from Trichoderma harzianum 1073 D3

Brazili an Archives of Biology and Technology

193

Sá-Pereira, P.; Mesquita, A.; Duarte, J. C.; Barros, M.
R. A. and Costa-Ferreira, M. (2002), Rapid
production of thermostable cellulase-free xylanase by
a strain of Bacill us subtili s and its properties.
Enzyme and Microbial Technology, 30, 924-933.

Sigoill ot, C.; Lomascolo, A.; Record, E.; Robert, J. L.;
Asther, M. and Sigoill ot, J. C. (2002),
Lignocellulolytic and hemicellulolytic system of
Pycnoporus cinnabarinus: isolation and
characterization of a cellobiose dehydrogenase and
a new xylanase. Enzyme and Microbial Technology,
31, 876-883.

Subramaniyan, S. and Prema, P. (2002), Biotechnology
of microbial xylanases: enzymology, molecular
biology, and application. Criti cal Reviews in
Biotechnology, 22, 33-64.

Tan, L. U. L.; Yu, E. K. C.; Louis-Seize, G. W. and
Saddler, J. N. (1987), Inexpensive, rapid procedure
for bulk purification of cellulose free β-1,4-D-
xylanase of high specific activity. Biotechnology and
Bioengineering, 30, 96-100.

Wong, K. K. Y.; Tan, L. U. L. and Saddler, J. N.
(1988), Multipli city of β-1,4 xylanase in
microorganisms functions and applications.
Microbiological Reviews, 52, 305-317.

Received: July 21, 2003;
Revised: April 20, 2004;

Accepted: October 15, 2004.




