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Abstract: The main objectives of this study were to investigate the application of novel xylanase enzyme

from Streptomyces bangladeshiensis sp. nov. and and to quantify in environmental samples in order to

assess their occurrence and ecological importance. Extracellular xylanase from Streptomyces

bangladeshiensis sp. nov. was purified 70- fold by gel filtration and cation exchange chromatography. The

enzyme was a debranching b-(1-4)-endoxylanase showing high activity on xylan but essentially no activity

against cellulose. It had an apparent molecular weight of 24.5 kDa by SDS-PAGE and the pH and

temperature optima for hydrolysis of arabinoxylan were 6.5 to 7.0 and 60°C, respectively; more than 75%

mof the optimum enzyme activity was retained at pH 8.0. The xylanase had a K  of 7.9 mg ml  and an-1

m axapparent V  of 5.26 mmol.min .mg of protein . The hydrolysis rate was linear for xylan concentrations-1 -1

of less than 4 mg/ml, but significant inhibition was observed at xylan concentrations of more than 10

mg/ml. The predominant products of arabinoxylan hydrolysis included arabinose, xylobiose, and xylotriose.

The hydrolysis pattern showed that the xylanase was an exo-endo acting enzyme. 
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INTRODUCTION

Xylan is the main component of hemicellulose and

is composed of b-1,4-linked xylopyranose chain with 4-

O-methyl-D-glucuronic acid, arabinose, O-acetyl, and

uronic acids as substituents . It is hydrolyzed by the[4]

cooperative activity of several enzymes, among which

the xylanases (EC 3.2.1.8) are the most important .[17]

On the basis of primary structure homology, the 

majority of xylanases have been classified into 

glycoside hydrolase families 10 and 11 (GH10and 

GH11, respectively)[10]

These enzymes have potential in the biodegradation

of lignocellulosic biomass to fuels and chemicals, in

improving rumen digestion and for use in the

prebleaching  of  kraft  pulp, mainly because of a

desire  to move away the use of chlorine as a

bleaching agent .[6]

Owing to their saprophytic lifestyle, the Gram-

positive high-GC bacteria of the genus Streptomyces

synthesize a broad range of extracellular hydrolytic

enzymes such as cellulases, chitinases, proteases,

amylases and xylanases, which are used to obtain

nutrient and many examples have been reported about

xylanase-producing streptomycetes.  Streptomyces[7 ,9 ,20]

bangladeshiensis sp. nov. was isolated from soil and

shown to produce bis- (2-ethylhexyl)phthalate, an

antibacterial and antifungal agent. This strain also1  

synthesizes an endo-xylanase activity when grown on

xylan as carbon source only. In this paper, we report

the purification and biochemical characterization of the

main xylanase produced by this microorganism.

MATERIALS AND METHODS

M icroorganism and Culture Conditions: The

organism was isolated from a soil sample . The strain1

has been deposited under the accession number NRRL

B-24326 (ARS Culture Collection, Peoria, Illinois) and T  

LMG 22738 (BCCM /LMG Bacteria Collection,T  
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Belgium). For propagation, yeast extract-malt extract-

xylose (YMX) agar was used which consisted of the

following (in grams per liter): yeast extract, 4.0; malt

extract, 10.0; xylose, 4.0; and agar, 15.0. The pH was

adjusted to 7.3 prior to autoclaving. For sporulation, it

was used defined xylan (DX) agar consisted of the

following (in grams per liters): oat spelts xylan (Sigma

2 4Chemical Co., St. Louis, Mo.), 10.0; K HPO , 1.0;

4 2 4 3NaCl, 1.0; (NH ) SO , 2.0; CaCO , 2.0; and agar, 15.

The pH was 7.0. Xylanase production medium was

formulated according to the method of Morosoli ,[14]

except  that a more complete trace element solution

was employed .[19 ,21]

Xylanase Production: Seven day old slants of the

strain grown on DX agar were washed with sterile

Triypticase soy broth (TSB; Difco), and 10 ml of

culture was used to inoculate 100 ml of TBS in 500-ml

Erlenmeyer flasks stoppered with cotton plugs. Cultures

were incubated at 37 °C with rotatory shaking at 240

rpm for 72 h. S. bangladeshiensis was scaled up for

enzyme purification and characterization providing all

other cultural conditions unchanged.

Enzyme purification: The supernatant of the culture

medium was recovered by centrifugation at 11 000 x

g in a Beckman J2-21 centrifuge and the proteins were

precipitated with 3 vols. of cold ethanol. After being

allowed to settle overnight, the precipitate was

recovered by decanting, filtering on a Büchner funnel

and washed thoroughly with acetone and dried under

vacuum overnight. The dried crude xylanase

preparations obtained in this manner could be stored at

4°C for several months without loss of enzyme activity.

For purification of the xylanase, 200 mg of the crude

enzyme were dissolved in 600 ml of 20 mM Tris/HCl

buffer, pH 8.5. After cooling on ice for 2 h, the

solution was centrifuged at 3000 x g for 30 min and

then filtered through an Acro 0.2 mm membrane. The

dark red supernatant solution was filtered (Whatman

no. 41 filter), and 600 ml of filtrate was concentrated

by ultrafiltration to approximately 100 ml. Proteins in

the crude concentrate  were concentrated by

4 2 4precipitation with (NH ) SO  at 0°C to 100%. Proteins

4 2 4obtained with saturation by (NH ) SO  was resuspended

in 100 ml of 50 mM sodium acetate buffer (pH 4.0)

and either dialyzed against the same buffer for

approximately 12 h with a membrane of molecular

weight cutoff of 11,000 or diafiltered employing

Amicon YM-5 polymeric membranes with nominal

molecular weight cutoffs of < 5,000. 

Gel Filtration: The column (2.5 ´ 100 cm) containing

Sephadex G-100 was equilibrated with buffer 50 mM

sodium phosphate buffer, pH 7.0. The dialyzed sample

was then loaded on the column on the top of the gel

bed. The buffer flow rate was 24 ml per hour and 3.0

ml fractions of the eluant were collected automatically.

Absorbance at 280 nm of each fraction was measured.

The fractions with the higher xylanase activity were

dialyzed against 50 mM sodium phosphate buffer, pH

7.0 for 24 hours at 4°C.

DEAE-cellulose Chromatography: A column of

15x28 cm was equilibrated with 50 mM sodium

phosphate buffer, pH 7.0. The dialyzed sample obtained

before was loaded on the DEAE column maintained at

4 °C. The proteins were eluted from the column with

the same buffer containing different concentrations of

NaCl by stepwise elution and xylanase activity and

280A  of each fraction were measured.

SDS-PAGE: Electrophoresis was carried out on 15 %

denaturating polyacrylamide gels . 100 ml of[11]

supernatant were boiled for 5 min, and loaded in the

gel in a Mini Protean II System (Bio-Rad). Low

molecular weight standards from Bio-Rad were used as

size markers. Coomassie Blue R was normally used for

protein staining, but sometimes silver staining was

carried  out   Protein  concentration  was measured[15]

by  method  of  Lowry  with bovine serum albumin12

as standard.

Enzyme Assays: Xylanase assays for biochemical

characterization were made with the purified enzyme

re-suspended in 10 mM MES–NaOH buffer (pH 6.0).

The reaction mixture was composed of 100 ml of

suitably diluted purified protein, 4 mg soluble oat spelt

xylan, and 200 ml of a suitable buffer and incubated at

60°C for 7.5 min. The reducing sugar concentration

was measured by the 3,5-dinitrosalicylic acid method

with xylose as standard . One unit of enzymatic[2 ,13]

activity was defined as the amount of enzyme which

releases 1mmol of product (xylose) in 1 min under the

established conditions.

Cellulase assays were performed in the same

manner as xylanase but replacing 0.5% xylan with 2%

acid-swollen cellulose prepared from Solka-floc SW-40

wood pulp cellulose (Brown Co., Berlin, N.H.) as the

substrate. The cellulase assay temperature was 55°C .[14]

b-Xylosidase activity was tested with p-nitrophenyl- b-

D-xylopyranoside (Sigma) as the substrate. The reaction

mixture consisted of 1 ml of 50 mM citrate –phosphate

buffer (pH 6.3), 5 mmoles of p-nitrophenyl- b-D-

xylopyranoside (Sigma), and 20 ml of the appropriate

protein dilutionand incubated for 1 h at 60°C. The

2 3reaction was stopped by adding 2 ml of 2M Na CO

and  absorbance at 405 was determined. One unit of 
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enzymatic activity was defined as the amount of

enzyme, which releases 1mmol of p–nitrophenyl in 1

min of reaction under reaction conditions.

Effects of pH and Temperature on Xylanase

Activities and Stabilities: Estimation of xylanase

activities at different pHs and temperatures were done.

To determine the optimal pH, activity was determined

accordingly . Xylan powder was used as substrate[18]

(1% solution) in 50m M sodium phosphate buffer, pH

7.0. Xylanase activity was measured by the release of

reducing sugars from the used substrate (xylan). The

amount of reducing sugar formed were measured by

Dinitrosalisylic acid (DNS) method . [13 ,18]

Optimal temperature and thermostability were

determined in the range from 4 to 80°C in mM citrate-

phosphate buffer (pH 6.3). To determine the thermal

stability, the proteins were preincubated for 1 h at the

corresponding temperature, and later, the substrate was

added and the reaction carried out for 7.5 min at 60°C.

Influence of Metal Ions: The influence of metal ions

on the xylanase activity was investigated by including

different metal salts at a final concentration of 1 mM

in the reaction mixture used for the determination of

the enzyme activity as described before.

Analysis of Xylan Degradation Products: Xylan

degradation was carried out with 1 U of xylanase and

10 mg of soluble xylan in 1 ml of 50 mM

citrate–phosphate buffer (pH 6.3). Samples of 50 ml

were withdrawn at different times of incubation, and 3

ml of a dilution 1:5 was spotted onto thin-layer

chromatography Kiesegel 60 plates (Merck, Darmstadt,

Germany) and  chromatographed  at  room

temperature  in a solvent system containing acetonitrile-

water (72:28 v/v) . The products of hydrolysis released[5]

were located by the orcinol-sulfuric acid reaction .[3]

Standards  such  as  D- xylose, L- arabinose,

xylobiose,  xylotriose  and xylotetrose were used

during the xylanase hydrolysate was run under the

same conditions. 

Substrate Specificity: To determine the specificity of

the activities of the purified proteins, xylanase was

assayed on the following substrates: soluble and

insoluble fractions of oat spelt xylan, birchwood xylan,

c e l l u l o s e ,  s t a r c h  a n d  l o w - v i s c o s i t y

carboxymethylcellulose (Sigma). Reducing sugars were

measured by the 3,5-dinitrosalicylic acid method with

xylose or glucose as the standard, depending on the

sugar present in the polymer. 

m  m ax m m axK and V : The K  and V  of the purified

xylanase were determined at pH 7.0 and 60°C with

different concentrations of oat spelt xylan. Data were

plotted by the method of Lineweaver-Burk. 

Determination of Molecular Weight: The apparent

rmolecular weight (M ) of the purified xylanase was

estimated by SDS/PAGE as described by Laemmli

method . The gels were stained either with Coomassie11

Blue or with Schiff’s reagent for the detection of

glycoproteins . Lysozyme, b-lactoglobulin and[8 ]

trypsinogen were used as standard proteins.

RESULTS AND DISCUSSIONS

Results: Large scale productions were carried out with

Trypticase soy broth (Difco) medium where 0.5% xylan

used as the main carbon source, yielded 600 units of

xylose after 72h of incubation. The low recovery of

xylanase in the supernatant of xylan - grown cells was

due to the formation of an enzyme-substrate complex,

which was centrifuged down in the first step of

enzyme purification. The enzyme was released from the

remaining substrate after incubation at 60°C for 2h and

was detected in the solubilized fraction by thin layer

chromatography. Crude xylanase F-1 was obtained from

the supernatants by precipitation with ethanol, and

stable enzyme powders were recovered after washing

the precipitants with acetone, this constituting a

significant first purification step. 

The steps of purification of one xylanase protein

from S. bangladeshiensis are summarized in (Table 1)

and it can be noted that this microorganism produces

at least 3 different xylanases separable by DEAE-

cellulose chromatography (Fig.1). The enzymatic

activity of all these fraction were measured and it was

found that only the fraction F-1b contained greatest

xylanase activity while the fraction F-1a, F-1c, F-1d

were not attained to electrophoresis because of their

short amounts with minor xylanase activities. After gel

filtration and cationic exchange chromatography, one of

these enzymes (SB xylanase) increased the specific

activity in 70-fold and SDS-PAGE showed one protein

band only (Fig.1). The SB xylanase Mw was estimated

to be 24.5 kDa (Fig. 2) and showed an optimal pH and

temperature  of  6.5-7.0  and  60  °C, respectively

(Fig. 3 & 4). 

The Michaelis-Menten constant was determined

with soluble oat-spelts xylan at concentration ranging

from 0.44 to 15 mg ml . The enzyme had an apparent-1

mK  of about 7.5 mg ml  against oat spelts xylan, The-1

hydrolysis rate was linear for xylan concentrations of

less than 4 mg/ml but significant substrate inhibition

was seen at concentrations higher than 10 mg ml  The-1 .

m axV  of 365 mmol.min . mg of protein  corresponded-1 -1
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Table 1: Purification of a SB  -(1,4)-endoxylanase from S. bangladeshiensis.

Activity

Purification step Total Protein (mg) ------------------------------- Yield (%) Fold Purification

Total Specific

(IU/mg) (IU/mg)

Crude culture filtrate 420 600 2.43 100 1

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Ammonium sulfate (100% Saturated) 130 380 2.93 63.34 4.19

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Gel filtration chromatography 9.5 218 22.18 33.54 15.51

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

DEAE-cellulose column chromatography 1.046 179 171.1 29.83 70.41 

Fig. 1: P ur if ica t io n  o f  xylanase  fro m S .

b a n g l a d e s h i e n s i s  b y  i o n  e x c h a n g e

chromatography. Insert, SDS-PAGE of the

fraction F-1b.

Fig. 2: SDS-PAGE of samples obtained during the

p ur if ic a t io n  o f   xy la n a se  f ro m  S .

bangladeshiensis (lane C). Crude extract  (lane

A), S. bangladeshiensis culture filtrate fraction

from gel filtration (lane B), and Sigma SDS

molecular weight standards (lane D) as

follows: lysozyme (14kDa),  -lactoglobulin

(18.4kDa), Trypsinogen (24kDa), Pepsin

(36kDa), Albumin (C. egg white; 45kDa),

Albumin (BSA, 67kDa).

Fig. 3: Effect of pH on S. bangladeshiensis xylanase

activity.

Fig. 4: Effect of temperature on S. bangladeshiensis

xylanase activity.

to a catalytic turnover number of 6.9 x 10  mol of3

product per mol of enzyme min . Data were plotted by-1

the method of Lineweaver-Burk. 

The activity of SB xylanase was affected by

certain metal ions. At 1 mM, both Hg  or Pb2+ 2+

inhibited the enzyme activity, by 80 and 15%

respectively. Fe , Ca , Mg  and Zn  had no2+ 2+ 2+ 2+

significance influence, whereas Cu  increased the2+

xylanolysis by 19 to 20% respectively. 
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Table 2: Activity of xylanase on different substrates

Substrate % activity 

Soluble oat spelt xylan 100 

Insoluble oat spelt xylan 26.8 

Birchwood xylan 80 

Larchwood xylan 45.2

Carboxymethyl cellulose 0.00

Lichenan 0.00 

The specificity of the purified form of SB xylanase
was tested on using various polysaccharides as the

substrates  and  the results obtained are shown in
Table 2. Liberation of reducing groups was detected

only when xylose polysaccharides were used. The
highest activity was detected on the soluble fraction of

oat spelt xylan, and it was three times higher than the
activity obtained on the insoluble fraction and

significantly less than that yielded on birchwood xylan.
On  the  other hand, no hydrolytic activity was

detected on the glucose po lymers such as
carboxymethylcellulose, cellulose and starch. It was

detectable active activity against p-nitrophenyl- b-D-
xylopyranoside indicating b- xylosidase activity on the

same protein.
The hydrolysis pattern of soluble xylan by the pure

enzyme was studied by thin-layer chromatography.
Thus, as xylan degradation occurred, a large amount of

intermediate products (xylotetrose, xylotriose,and
xylobiose) was obtained, with a very small quantity of

xylose produced. Even for long (24 h) incubation
periods, xylobiose was the most abundant product.

Discussion: These results indicate that the peak F-1

xylanase from Streptomyces bangladeshiensis can be
classified as a debranching endoxylanase, since it

releases arabinose and xylooligosaccharides of
intermediate  size . From the xylan hydrolysis[16]

products and substrate specificity, xylanase F-1b is a
typical endoxylanase unable to hydrolyse other

glycosidic linkage.
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