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of β-1,4-linked D-xylopyranose residues that

often has side chains of O-acetyl, arabinosyl

and methylglucuronosyl substituents (Blanco

et al., 1997; Maheshwari et al., 2000).

There is great interest in the enzymatic hy-

drolysis of xylan due to possible applications

in feed stock, chemical production and paper

manufacturing (Coughlan and Hazlewood,

1993). Endo-β-1,4-xylanase (1,4-β- D-xylan

xylanohydrolase: E.C. 3.2.1.8) is the main en-

zyme responsible for the cleavage of the link-

ages within the xylan backbone (Belfaquih et

al., 2002). Xylanases are widely distributed in

many species of bacteria (Yang et al., 1995;

INTRODUCTION
Hemicelluloses including xylans are the

second most abundant natural polysaccha-

ride following cellulose (Collin et al., 2005).

These compounds are present in the cell wall

and in the middle lamella of plant cells. Agri-

cultural residues contain 20- 40% hemicellu-

loses formed by pentose sugars (Magge and

Kosaric, 1985). Monomers of various hemicel-

luloses are useful in the production of differ-

ent antibiotics, alcohols, animal feed and

fuels (Thompson, 1983). Hemicelluloses con-

sist of a mixture of hexosans, pentosans and

polyuronides. Xylan is the most known type of

the hemicelluloses. It has a linear backbone
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ABSTRACT

A total of 91 strains of actinomycetes were isolated from compost and soil from Aga city. These

isolates were tested for their ability to produce xylanase qualitatively using three different screen-

ing tests and the strains that showed positive results were tested quantitatively to select the potent

xylanase producer. Three isolates, two from compost (9C and 11C) and one isolate from soil (34S),

were found to produce highest xylanase activity. These three isolates were identified as Strepto-

myces pseudogriseolus, S. werraensis and S. griseoflavus. S. pseudogriseolus was selected for its

highest cellulase–free xylanase activity. The enzyme production from this strain was maximized by

optimizing the environmental and nutritional conditions. The crude enzyme showed an optimum ac-

tivity at pH6 and showed pH stability over the range from 5 to 11. This enzyme also showed an op-

timum temperature of 60oC and thermally stable up to 40oC and retained 65% of its activity at

50oC and totally inactivated beyond 60oC.

Key words: Xylanase, Streptomyces, identification, production and characterization

Journal of  Environmental  Sciences, 2010; Vol. 39 : 15-31



16

Mansour, F. A.; et al...

from the different dilutions and incubated at

30oC for 7-10 days and the appropriate plates

were used for the isolation of single actinomy-

cete colonies. 

 

Qualitative screening of xylanase en-

zyme :

Actinomycete isolates from both soil and

compost were screened qualitatively on agar

plates containing the medium adopted by

Wang et al. (2003) which has the following in-

gredients (%): xylan (from oat spelt), 0.25;

NaNO3, 0.1; K2HPO4, 0.1; MgSO4.7H2O,

0.05; yeast extract, 0.05 and agar, 2.0. The

pH was adjusted to about 7.0. Plates were in-

cubated at 30oC for 3 days. Xylanase activity

was checked by the formation of clear zone

around growth, staining the plates with 0.5%

Congo red for 15min. then destained with 1M

NaCl or by flooding the plates with absolute

ethanol for 16 h at room temperature. 

Enzyme production :

The isolate to be selected was cultivated in

250 ml-capacites Erlenmyer flasks each con-

taining 50ml medium composed of (g/l): xy-

lan, 10.0; NaNO3, 1.5; KH2PO4, 3.0; K2HPO4,

6.0; MgSO4. 7H2O, 0.2; CaCl2, 0.05;

MnSO4.7H2O, 0.01; ZnSO4.7H2O, 0.001 and

1000ml distilled water. The pH was adjusted

to 7 (Nascimento et al., 2003). The cultures

were incubated for 6 days at 30oC on a rotary

shaker (150 rpm) after inoculation with 5ml of

a dense spore suspension. The cultures were

then centrifuged at 5000 rpm for 20min. us-

ing a cooling centrifuge (Jouan E956) and xy-

lanase activity was measured in the culture

supernatant. CMcase, FPase and soluble pro-

tein were also measured.

Roy, 2004; Pason et al., 2006) and fungi

(Knob and Carmona, 2008; Antoine et al.,

2009;  Gupta  et al., 2009), (Wong et al.,

1988; Senior et al., 1989; Eriksson et al.,

1990). 

Actinomycetes play a significant role in re-

cycling of nutrients and involve in the primary

degradation of organic matter in compost and

related materials (Sykes and Skinner, 1973).

They are considered as an important source

of enzymes involving in lignocelluloses degra-

dation and activity against xylan (McCarthy,

1987). Actinomycetes xylanase activity is

largely known from studies on Streptomyces

spp. (Yasui, et al., 1988; Ball and McCarthy,

1989) and Thermomnospora spp. (Stutzenber-

ger and Bodine, 1992). 

 

This investigation was undertaken to iso-

late actinomycetes which are capable of pro-

ducing high xylanase activity and to, identify

the best produces and optimizing the culture

conditions for the enzyme production. Also,

the characterization of the crude enzyme from

the best producer was studied.

MATERIALS AND METHODS
Isolation of actinomycetes :

An air dried samples of compost and soil

(50gm of each) were dissolved separately in

200ml of sterile distilled water and subjected

to shake on a reciprocal shaker for 2 hr. A se-

rial dilution has been done (10-1 to 10-6) and

then used to inoculate the isolation medium.

Starch-nitrate agar plates supplemented with

the anti-fungus nystatin (50U/ml) and the

anti-bacterium nalidixic acid (20mg/ml) (Se-

ong et al., 2001) were inoculated with 100 ml
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A number of ninty-one (fifty-two isolates

from compost and thirty-nine isolates from

soil) related to actinomycetes were isolated

separately from compost and soil samples

form Aga city (Mansoura, Egypt) using starch

nitrate medium supplemented with both nys-

tatin and nalidixic acid (Seong et al., 2001).

These isolates were tested for xylanase activi-

ty qualitatively using xylan-agar plates, Congo

red stained xylan-agar plates and ethanol

(99.9%) flooded xylan-agar plates. All the

strains isolated from compost showed xyla-

nase activity except 3 isolates. On the other

hand, only 23 strains of soil isolates showed

xylanase activity. Fig. 1 illustrates the best

xylanase positive results (formation of clear

zone) when isolates 9C (compost), 11C (com-

post) and 34S (soil) were grown on xylan-agar

plates (A1, B1 and C1), Congo red stained xy-

lan agar plates (A2, B2 and C2) and ethanol

flooded xylan agar plates (A3, B3 and C3), re-

spectively. Quantitative studies for xylanase

activity for the three isolates revealed that iso-

late no. 9C showed highest celluose-free yla-

nase and  therefore, it was  chosen for further

studies. Table 1 summarized the enzyme  ac-

tivities (xylanase, CMCase and FPase) of  the

best xylanase  producers (9C, 11C and 34S).

This has been established using liquid  medi-

um containing xylan as a sole carbon  source

(0.2%).  Xylanase, CMCase and FPase activi-

ties were assayed after 6 days of incubation

on a rotary shaker (150rpm). 

Taxonomical study of the experimental

isolate :

Cell wall analysis : The whole cell hydroly-

sate was examined to determine the isomers

of diaminopimelic acid (DAP) and sugar pat-

tern of isolates following the methods of Beck-

Taxonomic identification of the experi-

mental isolates

To identify these strains, the ISP methods

were applied (Shirling and Gottlieb, 1966),

and the diagnostic properties of the strain

were compared with those reported for type

culture of Streptomyces species according to

ISP (Shirling and Gottleib (1968a, 1968b and

1969 and 1972), and the strains were rather

identified using Bergey’s Manual of Systemat-

ic Bacteriology (1989) and Bergey’s Manual of

Determinative Bacteriology (1994). 

Enzymes and protein assays :

The enzyme assay has been measured as

described by Xiong et al. (2003) as follows: 1%

xylan (from oat spelts) was dissolved in 0.05M

acetate buffer (pH 5.0) for 15 min at 50oC.

The released reducing sugars were deter-

mined by the method of Miller (1959). Xyla-

nase unit is the amount of enzyme that liber-

ates 1m mole of reducing sugar (measured as

xylose) per min. Carboxymethylcellulase

(CMCase) and FPase (C1 cellulase) were meas-

ured according to Mandels et al. (1974) by

adding 0.5ml of 1.0% of Carboxymethylcellu-

lose (CMC) in citrate buffer (0.05M) with a pH

value of 4.8. The mixture was incubated at

50oC for 30 min. FPase was assayed by mix-

ing 1ml of 0.05M citrate buffer (pH 4.8) and

50mg of Whatmann filter paper no.1 (strips of

1x6cm) at 50oC for 1 hour. Reducing sugars

from both CMCase and FPase were measured

as glucose according to the method of Miller

(1959). Protein was tested according to Lowry

et al. (1951).

 

RESULTS
Screening studies on xylanase production

from isolated actinomycets 
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                  A1                                          B1                                              C1 
 

               
                      A2                                            B2                                         C2 

                                       
A3                                       B3                                      C3 

Figure (1). Qualitative screening of xylanase-producing isolates 9C, 11C and 34S 
when grown on xylana agar plates (A1, B1 and C1), Congo red stained xylan agar 
plates (A2, B2 and C2) and xylan agar plates flooded with ehanol (A3, B3 and C3), 
respectively. 
 
 
 

         Table (1) Quantitative screening of xylanase activity from potent xylanase producing     
streptomycetes isolates from compost and soil: 

 
 

Xylanase 
 

Cellulases 
CMCase FPase 

 
 

Isolate 
no. 

 
 

Final 
pH 

 
 

Protein 
(mg/ml) 

 
Activity 
(U/ml) 

 
Specific activity 
(U/mg protein) Activity 

(U/ml) 
Specific activity 
(U/mg protein) 

Activity 
(U/ml) 

Specific activity 
(U/mg protein) 

 
9C 

11C 
34S 

 

 
6.6 
6.7 
6.5 

 
0.176 
0.181 
0.179 

 
9.24 
9.18 
8.96 

 
52.50 
50.72 
50.06 

 
- 
- 

0.60 

 
- 
- 

3.35 

 
- 
- 

0.13 

 
- 
- 

0.73 
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and spiny spore surfaces for both isolates 11C

and 34S (Fig. 3 a, b&c). Aerial mass is white

in color-series for both 9C and 11C but grey

for 34S when grown on yeast-malt agar, oat-

meal agar, salts-starch agar and glycerol

asparagines agar. No distinctive or diffusible

pigments were found with the previous media.

Melanoid pigment was not produced. These

strains were deposited in the microbial chem-

istry department collection, NRC, Egypt. 

Optimization of xylanase production from

Streptomyces      

er et al, 1965)  and Lechevalier and Lechevali-

er (1970). The chromatographic analysis of

the cell wall hydrolysate revealed that the

three isolates contain LL-DAP and no charac-

teristic sugars, and was, therefore, classified

belong to the Genus Streptomyces. 

Morphological characteristics: Table (2)

revealed the taxonomical results of the best

three xylanase producing Streptomyces iso-

lates. From this table all the three isolates

showed open spiral spore chains (Fig.2 a, b

&c) with smooth surface for isolate no. 9C

 - 2 - 

Table (2) Morphological, physiological and chemotaxonomical results of 
streptomycetes isolates that showed maximum xylanase production: 

 
Table  (2) continued  

 
Enzyme activities  

Isolate 
no. 

Proteolysis Lipolysis Lecithinase 
Pectin 

decomposition 
Chitin 

decomposition 
Nitrate 

reduction 
H2S 

production 
Xanthine 

degradation 

9C - - - + - - + - 
11C - - - + - - + - 
34S - - + + - - - - 

 
Table (2) continued  

 
 

Utilization of different carbon sources 

-ve 
control 

+ve 
control 

(glucose) 
Arabinose Fructose Rhamnose Sucrose Mannitol Xylose Raffinose Inositol Galactose 

 

+ + + + + - + + + + + 
+ + + + + - + + - + + 
+ + + + + - + + - + + 

 

 
Isolate 

no. 

Spore chain 
morphology 

Spore 
surface  

Color of 
colony 

Reverse side of 
colony 

Diffusible 
pigments 

Melanoid 
pigment 

production 
9C Open spiral  Smooth White Yellow brown - - 
11C Open spiral  Spiny White Yellow brown - - 
34S Open spiral  Spiny grey Yellow brown - - 
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and   specific   activity  of  15.16 U/mg pro-

tein  respectively.  Following this phase,  the

enzyme  production  increased  gradually

reaching  its  highest degree (8.32 U/ml,

49.23  U/mg  protein)  after  6  days  of

growth. 

Effect of incubation period :

The   results  presented in Fig. 4  revealed

that  there  was  an  induction  phase  of  xy-

lanase  enzyme  in  the first 24 h  during

which  little  xylanase  was synthesized.   It

was  indicated  by  an  activity of 2.38 U/ml

  

 
                     a                                               b                                            c 
Figure (2). (a, b & c): Photographs showing spore chain morphology of 
streptomycete isolates no.9, 11 and 34, respectively (X400) 

 
 
 

   
                  a                                          b                                           c 
Figure (3) (a, b & c): Transmittance electron micrography (TEM) of spores of 
streptomycete isolates no. 9, 11 and 34, respectively (X 20,000). 
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Figure (4) Effect of incubation periods (days) on xylanase production by 
Streptomyces pseudogriseolus using corn comb xylan. 
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results  presented  in  Figure  (5)  revealed

that the initial pH of 7 showed maximum en-

zyme activity (8.51 U/ml and 50.96 U/mg

protein). 

Effect of initial pH :

The effect of initial pH of the fermentation

medium on xylanase production by Strepto-

myces pseudogriseolus was investigated. The

duction from the tested strain (Fig. 6). 10% of

the prepared stock showed maxiumum xyla-

nase activity (9.02U/ml) and a specific activity

of 52.14U/mg protein.

Effect of inoculum size

An inoculum percent of 10% from previ-

ously prepared spore suspension (2.51x109

cell /ml) had a great effect on xylanase pro-
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Figure (5) Effect of the culture initial pH on xylanase production by Streptomyces 
pseudogriseolus. 

             

Specif ic activity 

 

             

0

2

4

6

8

10

0 5 10 15 20 25

Inoculum size (%)

Xy
la

na
se

 a
ct

iv
ity

 (U
/m

l) 
 

0

20

40

60

Sp
ec

ifi
c 

ac
tiv

ity
 (U

/m
g 

pr
ot

ei
n)Activity

Specific activity

 
Figure (6) Effect of inoculum size on xylanase production by Streptomyces 
pseudogriseolus. 
 

                                                               
 
Figure (7) Effect of medium volume on the activity of xylanasee enzyme produced 
from Streptomyces pseudogriseolus. A: (Static culture). B: (Shaken culture). 
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medium volume accordingly, the decrease in

aeration rate. On the other hand, the produc-

tion of xylanase enzyme was greatly lowered

in cultures incubated without shaking (static

cultures). The activity was 4.80 U/ml in a

static culture of air: medium ratio of 9:1. The

phenomenon that was observed in static cul-

tures may be related to secretion of other me-

tabolites by the isolate that affected both

growth and enzyme denaturation

Effect of medium volume/flask :

The results presented in Figs. 7 (A & B) re-

vealed that the highest level of xylanase activi-

ty was noticed in shaken culture with a medi-

um volume of 50 ml/flask (250-ml). It reached

8.92U/ml with a specific activity of 49.83U/

mg protein. Enzyme synthesis by the strep-

tomycete under investigation needs high aera-

tion. Furthermore, decrease in the enzyme

levels have been observed with the increase in
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Figure (7) Effect of medium volume on the activity of xylanasee enzyme produced 
from Streptomyces pseudogriseolus. A: (Static culture). B: (Shaken culture). 
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Figure (8) Effect of different xylan concentrations on xylanase production from 
Streptomyces pseudogriseolus. 
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arabinose). Also CMCase and FPase were also

tested and the results showed that no cellu-

lose activity was produced with any of these

carbon sources. A xylan concentration of 1%

(w/v) showed maximum xylanase production

(17.12U/ml) with a specific activity of

72.54U/mg protein (Fig. 8).

Effect of different carbon sources :

It was found that xylan was the only car-

bon source stimulate xylanase production.

Virtually, no enzyme activity could be detect-

ed in the case of the other carbon sources

tested (CMC, cellulose, dextran, maltose, su-

crose, fructose, glucose, galactose, xylose

Characterization of crude xylanase :

Optimum pH: Xylanase from Streptomyces

pseudogriseolus, exhibited an optimum pH of

6 (Fig.10).

pH stability: Xylanase from Streptomyces

pseudogriseolus, was stable over a pH range

from 5 to 11, and at pH 12; 30% enzyme loss

had been detected but at pH 13 there was no

activity (Fig.11). 

Optimum temperature:  Results  in  Fig-

ure (12) revealed that xylanase enzyme

showed an optimum at 60oC.

 

Thermal stability:  The  enzyme was ther-

Effect of nitrogen sources :

The optimal concentration of sodium ni-

trate (1.2g/l or 0.2gn/l) in the basal medium

was replaced in nitrogen equivalent by differ-

ent nitrogen sources. From the inorganic and

organic nitrogen sources tested it was found

that sodium nitrate was the best source for

xylanase production with an activity of

20.34U/ml and specific activity of 78.54U/mg

protein (Table 3). Fig. 9 demonstrates the ef-

fect of different concentrations of sodium ni-

trate (best nitrogen source) on xylanase pro-

duction by Streptomyces pseudogriseolus. It

was found that NaNO3 in a concentration of

1.2g/l showed maximum xylanase production

(19.94 U/ml and 77.29 U/mg protein).

 - 6 - 

               

 

 

 

 

 

 

 

 

 
 
 
 

 

 

0

5

10

15

20

25

30

0 0.1 0.2 0.3 0.4 0.5 0.6

NaNO 3
 
concentration  (gN/l)

Xy
la

na
se

 a
ct

iv
ity

 (U
/m

l)
  

0

20

40

60

80

100

Sp
ec

ifi
c 

ac
tiv

ity
 (U

/m
g 

pr
ot

ei
n)

 

Xylanase activity
Specific activity



24

Mansour, F. A.; et al...

                 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Table (3) Effect of different nitrogen sources on xylanase production from 
Streptomyces pseudogriseolus.  
 

 
Nitrogen 

source 

 
Final pH 

 

Protein 
(mg/ml) 

Activity 
(U/ml) 

Specific 
activity 
(U/mg 

protein) 
NaNO3 
NH4Cl 
KNO3 
NH4NO3 
Ca(NO3)2 
(NH4)2SO4 
NH4H2PO4 
(NH4)2HPO4 
(NH4)3PO4 
Urea 
Peptone  
Casein 
Yeast extract 

7.21 
6.72 
7.43 
6.94 
6.62 
6.91 
6.96 
8.12 
7.53 
7.35 
7.28 
7.23 
7.18 

0.259 
0.404 
0.365 
0.689 
0.319 
0.312 
0.283 
0.385 
0.275 
0.489 
0.506 
0.578 
0.733 

20.34 
14.22 
13.18 
20.46 
13.32 
20.24 
17.82 
9.92 
14.36 
10.48 
6.20 
8.60 
16.88 

78.53 
35.20 
36.11 
29.69 
41.76 
64.87 
62.67 
25.77 
52.23 
21.43 
12.26 
14.88 
23.03 
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Figure (10) pH profile of crude xylanase enzyme from Streptomyces  

pseudogriseolus. 
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Figure (11) Determination of the pH stability of xylanase enzyme from Streptomyces 

pseudogriseolus. 

 
Figure (12) Optimum temperature of crude xylanase enzyme from Streptomyces 
pseudogriseolus. 
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retained 10% of its maximum  activity where-

as, it lost  its  activity  at  70oC (Fig.13).  

mally  stable  up to 40oC and showed 35% ac-

tivity  loss  at  50oC  but  at60oC the  enzyme

al., 2006) or flooding xylan-agar plates with

absolute ethanol after the same growth period

(Rawashdeh et al., 2005; Saadoun et al.,

2007). Isolates that showed positive results

were screened quantitatively using broth me-

dium containing xylan (0.2%) as sole carbon

source.  The  highest  three  xylanase  pro-

ducing  isolates  (two from compost, 9C &

11C and one from soil, 34S) were taxonomi-

cally identified as Streptomyces pseudogriseo-

lus, S. werraensis and S. griseoflavus, respec-

tively. Streptomyces pseudogriseolus was

selected for further studies as it had the high-

est cellulose-free xylanase. 

Streptomyces pseudogriseolus was found to

produce higher xylanase level after 6 days

DISCUSSION
A total of 91 strains belonging to actinomy-

cetes were isolated from both compost and

soil at Aga city (Mansoura, Egypt) using

starch-nitrate medium provided with nalidixic

acid (anti-bacterium) and nystatin (anti-

fungus) as described by Seong et al. (2001).

These isolates were screened qualitatively for

their xylanase activity using three visual

methods. The first method depends on the

formation of clear zones around the microbial

growth on xylan-agar plates after 3 days (Roy

and Zainul-Abedin, 2002; Wang et al., 2003),

staining similar xylan-agar plates with an

aqueous solution of Congo red (0.5%) after the

same incubation period (Teather and Wood,

1982; Gessesse and Gashe, 1997; Ninawe et

pH

 
Figure (11) Determination of the pH stability of xylanase enzyme from Streptomyces 

 

 
Figure (13) Thermal stability of crude xylanase enzyme from Streptomyces 
pseudogriseolus. 
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