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Abstract: Sterptomyces rochei strain isolated from Egyptian soil was used in this study to produce
extracellular xylanase, an important industrial enzyme used in pulp and paper industry. This strain was
able to produce high levels of extracellular xylanolytic activity in liquid shaking culture medium
containing xylan hydrolysates extracted from sugar cane bagasse. The enzyme was purified by 60 %
ammonium sulfate precipitation followed by gel filteration chromatography using Sephedex G-100 column,
with about 40.8% yield and 3.14 fold purification. The optimum pH and temperature for the purified
xylanase activity was 6.0 and 40 oC, respectively. The enzyme was stable within the pH range of 5.0–8.0
and temperature up to 50 oC. The xylanase showed specific activity towards different xylans tested. The
xylanase exhibited Km and Vmax values of 10 mg/ml and 50 µmol/ min/ mg respectively. The xylanase
was activated by Zn+2, Co+2, Mg+2, Ni2+ and Fe+2 and completely inhibited by Ag+. The purified enzyme
was stable for more than 22week at 4 oC. Easy purification of the enzyme and its high stability will be
useful for some industrial application of this enzyme.                                                      
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INTRODUCTION

Xylan, a major structural component of plant cell
walls and the most abundant renewable hemicellulose,
constitutes 20–40% of total plant biomass. Therefore,
hydrolysis of xylan becomes an important step towards
proper utilization of abundantly available lignocellulosic
material in nature[1-4]. Chemical hydrolysis of xylan
applied extensively by the industries, though faster, is
accompanied with the formation of toxic compounds
and hazardous to the environment[3]. Xylan hydrolysis
using enzymes such as xylanases provides a viable
alternative to chemical hydrolysis as it is highly
specific apart from being an environment friendly
process[2,5].

B-1,4-Endoxylanases (EC 3.2.1.8) are crucial for
depolymerization of xylan. The heterogeneity and
complexity of xylan has resulted in an abundance of
diverse xylanases with varying specificities, primary
sequences and folds[6].

Xylanases are widely abundant in nature; they are
produced by bacteria, fungi, protozoa, algae,
gastropods, arthropods, nematodes, etc.[3]. Microbial
xylanases have attracted considerable research interest
in recent years because of their potential application in
the food, animal feed, paper and pulp industries[3,6,7,8].

Microbia l  xylanases  found different
biotechnological applications in the last two decades.

They are widely used in the process of cellulose
biobleaching in the pulp and paper industry to reduce
the usage of chlorine, in the food industry (brewing,
bakery, fruit and vegetable processing, juice and wine
making, etc.), and as feed additives in broiler and
animal diets [3,4,9]. In the near future, the potential
large-scale application of xylanases (together with
cellulases) may become the bioconversion way of plant
biomass to ethanol and other useful products[3,4,9]. Other
potential xylanase applications may be realized in
textile and pharmaceutical industries[2,3,4,6,10,11].

Actinomycetes are emerging as an important source
of enzymes involved in xylan degradation and among
these microorganisms, information is largely derived
from Streptomyces[3,12,13,14]. Xylanases from Streptomyces
species are frequently reported to be extracellular and
cellulase-free [13,15,16]. Xylanolytic activity has been
reported from different Streptomyces species such as S.
exfoliates, S. flavogriseus, S. lividans, S. xylophagus, S.
olivaceoviridis, S. actuosus, and S. cyaneus[16,17,12]. No
information was reported on cellulases free xylanases
produced from S. rochei. Some xylanases from
different Streptomyces species have been purified and
characterized[7,16,18].

In this present study, we describe the purification
and characterization of cellulase free xylanase produced
from Egyptian isolated Sterptomyces rochei.   
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MATERIALS AND METHODS

2.1. Microorganism and Culture Conditions:
Sterptomyces rochei was isolated from El-sharkia soil
using actinomycete isolation agar and was maintained
on nutrient agar medium Ninawe and Kuhad,[19]. The
organism was identified using the International
Committee for Sterptomyces Cooperative Project (ISP)
method, Bergey's manual and numerical taxonomy (data
not showed) El-sayed. For xylanase production, S.
rochei was cultivated in 250 ml Erlenmeyer flasks
containing 50 ml of optimized production medium
containing the following ingradients (g/l), xylan
hydrolysates from sugar cane bagasse Chen and
Anderson [20] as sole carbon source, 20; KNO3, 1.2;
K2HPO4 (anhydrous), 1.0; MgSO4.7H2O, 0.5; NaCl, 0.5;
CaCO3, 3.0; FeSO4.7H2O, 0.01; pH 7.5 under shaking
conditions (100 rpm) at 28 oC for 120 h. The contents
of the flasks were filtered through Whatman No. 1
filter paper and the filtrate was centrifuged at 5,000
rpm for 15 min to obtain cell free culture fluid.

2.2. Xylanase Assay: The xylanase activity was
determined by measuring the release of reducing sugars
from oat splet xylan (1% w/v) by dinitrosalicylic acid
method [Miller, 21]. One unit of xylanase was defined
as amount of enzyme required to release 1µmol of
xylose from oat splet xylan in 1 min under standard
assay conditions (40 oC, 0.2 M phosphate buffer, pH
6.0).

2.3. Protein Estimation: Protein was determined by
the method of Lowry et al.,[22] with bovine serum
albumin (BSA) as a standard. After column
chromatography, the protein concenteration was
estimated by measuring the absorbance at 280 nm.

2.4. Purification of Xylanase: The purification of
xylanase (cell free supernatant) was carried out in two
steps. The first step involved ammonium sulphate
precipitation (0–60% saturation) of 100 ml cell free
supernatant. The saturated solution was left overnight
at 4 oC, centrifuged and precipitates were dissolved in
2 ml of 0.2 M phosphate buffer (pH 6.0). The dialyzed
fraction of concentrated proteins (2 ml) was then
loaded on to the gel filteration sephadex G-100 column
(1.6 x 60 cm) equiliberatrd with 0.02 M phosphate
buffer at flow rate 35 ml/hr. Elute fraction (5 ml) were
collected. 

2.5. Characterization of Xylanase:
2.5.1. Effects of pH Values and Temperature on
Xylanase Activity: The optimal pH value for xylanase
activity was determined by using different buffers (0.2
M) ranging between 3.0 and 9.0 (acetate buffer for pH
3.0-5.0, phosphate buffer for pH 6.0-7.0, and Tris

buffer for pH 8.0-9.0). The optimum temperature for
xylanase activity was determined between 20 and 70 oC
for 30 min. 

2.5.2. Effects of pH and Temperature on Xylanase
Stability: The pH stability was determined by
incubating equal volume of enzyme solution with equal
volume of different buffers ranging between 3.0 and
9.0 (acetate buffer for pH 3.0-5.0, phosphate buffer for
pH 6.0-7.0, and Tris buffer for pH 8.0-9.0) at 40 oC
for 30 min. For thermostability determination, the
enzyme was incubated at different temperature between
20 and 70 oC for 30 min at pH 6.0.

2.5.3. Influence of Metal Ions, Determination of  Km,
Vmax and Substrate Specificity on Xylanase Activity: 
The effect of different metal ions on the enzyme
activity was determined at different molarities 0.1 mM,
0.5 mM, 1.0 mM. The rate of substrate hydrolysis, Km

and Vmax values for oat splet xylan were determined
using standard methods Line weaver and Burk,[23]. The
residual activities were determined periodically.
Substrate specificity determined using CMC (sigma),
Oat splet xylan (sigma), brich wood xylan (sigma),
beech wood xylan (sigma) as a substrate.

3. Results:
3.1. Purification of Xylanase: The xylanase from
S.rochei was precipitated using ammonium sulphate
(60% saturation) of 100 ml cell free supernatant. The
active pellet was dialyzed and used as a starting
material for further purification using gel filtration
chromatography (sephadex G-100). A 3.14-fold
purification was achieved with 40.76% recovery of
xylanase activity, yielding a specific activity of 126.46
U/mg protein. The results of xylanase purification are
summarised in Table 1, Fig 1.   

3.2. Effect of pH Values on the Enzyme Activity and
Stability: Effect of pH values on the purified xylanase
was determined within the pH range of 3.0–9.0.
Xylanase activity remained high (more than 80%) at
pH range of 5.0–8.0, and it reached a maximum at pH
6.0. Xylanase was stable over the range of pH 5.0–8.0,
at 40 oC for 30 min. (Fig. 2).

3.3. Effect of Temperature on the Enzyme Activity
and Stability: Sterptomyces rochei xylanase exhibited
optimum  temperature  range  of  40 oC at pH 6.0
(Fig. 3). This enzyme had thermal stability; it was
stable up to 50 oC.

3.4. Influence of Various Metal Ions on the Enzyme
Activity: We are investigated the effect of different
metal ions at different concenteration (0.1, 0.5 and 1.0
mM) on the activity of purified enzyme. Ag+, Mn+2at 
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Table 1: Summary of the purification steps of an extracellular xylanase produced by S. rochei
Purification Total enzyme Total soluble Specific enzyme yield (%) Purification
step activity (U) protein (mg) activity (U/mg) fold
Culture fluid ml 100 1210 30 40.33 100 1
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Ammonium sulfate 731.5 8.2 89.21 60.45 2.21
(60% saturation)
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Sephadex chromatography 493.2 3.9 126.46 40.76 3.14

Fig. 1: Elution profile of xylanase on Sephadex (G-100)

Fig. 2: Effect of pH values on the activity and stability of purified xylanase
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different molarities and Cu+2at 1 mM lead to complete
inhibition of enzyme activity. Fe+2 , Cu+2 at 0.1 mM,
0.5 mM and Mg+2at 0.1mM showed partial inhibition
of the enzyme activity. Ca2+, Zn+2, Ni+, Co+2 at
different molarities, Mg+2 at 1 mM and 0.5 mM and
Fe+2 at 1.0 mM were found to enhance the enzyme
activity as shown in table 2. 

The xylanase exhibited Km and Vmax values of 10
mg/ml and 50 µmol/min/mg (Fig. 4). The xylanase
retained 100% of its activity for up to 22 weeks at 4
oC.

The hydrolytic activity of the purified xylanase on
various natural and artificial substrates was examined
(Table 3). Xylanase showed high specificity towards
different xylans tested. Among them, the highest
activity was observed with birchwood xylan (154.8%),
followed by beech wood xylan (133.3%) and insoluble
oat splet xylan respectively. While with CMC no
activity was observed which indicate that this pure
enzyme was free from cellulase enzyme.

Table 2: Effect of various metal ions concentrations on the enzyme
activity

Heavy metal 0.1 mM 0.5 mM 1.0 mM
Ag+ 0.0 0.0 0.0
Mn+2 0.0 0.0 0.0
Cu+2 91.84 61.22 0.0
Mg+2 81.60 122.45 163.26
Fe+2 51.02 35.70 234.69
Ca+2 145.64 137.76 112.24
Zn+2 147.96 163.30 107.14
Co+2 188.77 326.50 142.90
Ni+ 163.27 142.90 142.90

Table 3: Relative activity of the purified enzyme towards different
substrates

Substrate Relative activity (%)
Insoluble oat splet xylan 100
Beech wood xylan 133.3
Birchwood xylan 154.8
CMC (low viscosity) 0.00

Fig. 3: Effect of temperature on the activity and stability of purified xylanase

Fig. 4: Effect of Mickael,s constant on the purified xylanase produced from Sterptomyces rochei
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4. Discussion: Sterptomycetes are Gram positive
flementous bacteria widely cited in the literature as
procedures of important industrial enzymes involved in
lignocellulose degredation Flores et al.,[13]. These
enzymes play important roles in the breakdown of
xylan and could be applied in the bioconversion of
plant biomass, biobleaching etc. Saha[24]; Polizeli et
al.,[4]; Calero-Nicto et al.,[25]. Many xylanases have both
xylanase and cellulase activities Cheng et al.,[14], Elegir
et al.,[15]. Some cellulase free xylanase have found in 
Sterptomyces species [Flores et al.,[13]; Techapun et al.,
[26]; and Ninawe et al.,[16]. These enzymes were suitable
for wood pulp and textile industries to avoid fiber
hydrolysis Sufeng et al.,[27]. Purification and
characterization of the enzyme are important pre-
requisites for its successful biotechnological application.
Purification of xylanases from microorganisms genera
requires precipitation of the active protein followed by
two to three chromatographic steps Sunna and
Antranikia,[28]; Dhillon et al.,[29] and Sandrim et al.,[30].

In the present study, 60 % ammonium sulfate
precipitated xylanase from S.rochei was purified
following the single step gel filteration Sephadex G-100
chromatography. The xylanase was eluted as a single
fraction indicated that the xylanase from S.rochei may
exist in monomeric protein and only one form Fengxia
et al.,[31]. Xylanase was purified to 3.14 fold with
recovery yield of 40.76 %. The purified xylanase from
S. rochei was optimally active at pH 6.0 100% for 30
min. and retained more than 80 % of its activity in a
wide range of pH 5-8. These results are agreement
with those of Ninawe et al.,[16]. Xylanase also has
optimal temperature at 40 oC and then decrease
gradually. The pH and temperature stability of the
purified xylanase from S.rochei were observed at the
range of pH values 5-8 at 40 oC for 30 min and
temperature at 50 oC. It lost activity gradually after 30
min respectively. These results are agreement with
those of Anthony et al.,[32]. 

The influence of certain heavy metal ions at
different concenteration on the activity of the purified
xylanase was studied. The xylanase activity was
stimulated by Zn2+, Ni2+, Co2+ and Ca2+ at 0.1, 0.5 and
1.0 mM. Fe2+, Cu2+ at 0.1 and 0.5 mM and Mg2+ at 0.1
mM gave paritial inhibition for xylanase activity. Ag+,
Mn2+ at different molarities and Cu2+ at 1.0 mM gave
complete inhibition of the xylanase activity. However,
the results were agreement with Fialho and Carmona,[33]

and Lin et al.,[34] which state that, the enzyme inhibited
by Cu2+ and enhanced by Co2+. 

The xylanase from S. rochei exhibited Km and Vmax

values of 10 mg/ml and 50 µmol/ min/ mg. Thus the
xylanase had a higher affinity for brichwood xylan.
The Km and Vmax values are close to the Km and Vmax

(11.1 mg/ ml and 45.45 µmol/ min/ mg) of S. cyaneus 

Ninawe et al.,[16]. The purified  xylanase  of  S.rochei
retained almost 100 % of its activity up to 22 weeks,
when stored at 4 oC. A similar data has been reported
earlier by Ninawe et al.,[16].

These characterizations of xylanase from Egyptian
isolated S. rochei enhance its industrial potentials and
considerable commercial interest.
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