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Abstract 
Crude xylanase extracellular extract synthesized by Streptomyces P12-137 strain possesses 

endoxylanase activity demonstrate by HPLC analysis. The crude enzyme extract was purified 4.18 
fold with ammonium sulphate precipitation followed by dialysis and which confirmed the existence a 
two different xylanases separated at  65% (F5) and 80% (F6) ammonium sulphate saturation. Its 
appeared as a two enzymes and had a specific activity of 45.44 U ·mg-1 and 36.48 U · mg-1 
respectively. The optimum pH and temperature for the two fractions obtained were found to be pH 
7.0, 600C and pH 6.5, 600 C, respectively. The KM and Vmax value of the F5 fraction were 0.4742 s−1 
and 0.2012 mg·mL−1 and for the F6 fraction were 0.0388 mg·mL−1 and 0.6314 s−1. 
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1.Introduction 

Xylanase (E.C. 3.2.1.8; 1,4-β-D-xylanase, xylanohydrolase) can hydrolyze β-1,4 
glycosidic bonds of the xylan backbone to produce short chain xylo-oligosaccharides of 
different lenghts [17]. Xylanases are used in many food and chemistry industrial application 
for the clarification of juice, oil obtained from plants, starch production. In paper and 
cellulose industry the most important application of xylanases is pulp bleaching [14]. 
Xylanases have been used industrially for xylo-oligosaccharides production from wheat bran 
or wheat straw. The xylo-oligosaccharides have been found to have a prebiotic effect on the 
selective growth of human intestinal Bifidobacteria and Lactobacillus spp. [1,17]. Those 
compounds show a great potential for practical application which includes feed formulation, 
food additives or pharmaceutical products. Lignocellulosic materials contain approx. 35% 
xylan which is known to be resistant to the xylanase action [21].  Streptomyces P12-137 is a 
good xylanase producer when cultivated on  wheat bran medium [4]. The main purpose of the 
present study is to characterize the endoxylanases catalytic properties of  crude xylanase 
extract produced by selected strain Streptomyces P12-137 in order to obtain xylo-
oligossacharides with practical importance. 
  
2. Methods 
2.1. Chemicals 

Xylan sources on which have worked: commercial birchwood xylans (Carl Roth, 
Germany), commercial wheat bran xylan (Megazyme, Ireland). The used standard protein and 
enzymes, bovine serum albumin BSA (Carl Roth, Germany), α-amylase (Merck), xylanase 
from Trichoderma viridae (Fluka BioChemie), exoxylanase from Bacillus spp. (Fluka 
BioChemie). All other chemicals and materials used in the present study were of highest 
purity grade. 
2.2. Microorganism and xylanases production 
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Streptomyces P12-137 was isolated from garden soil (Gala�i area, Romania) using 
Gauze-agar medium. The strain is deposited as member of Collection of microorganisms of 
Bioaliment Platform of Faculty of Food Science and Engineering, „Dunarea de Jos” 
University of Gala�i (coded MIUG). The pure culture under lyophilized form is stored by 
ultrafreezer (Angelantoni Industrie, Italy) at -720C. For xylanases production, Streptomyces 
P12-137 was submerged cultivated in 250 ml Erlenmeyer flasks containing 50 mL of 
optimized production medium containing (g·L-1): wheat bran 20;  KH2PO4 1.5; K2HPO4 
0.075; KNO3 2; xylose 0.1; trace element solution 2.7 mL·L-1. Composition for trace elements 
solution is (g·L-1): ZnSO4·7H2O 0.14; MnSO4·H2O 0.16; FeSO4·7H2O 0.5; CoCl2·2H2O 0.2 in 
distilled water. The pH of the medium was adjusted to 7.2 after sterilization using steril 1 N 
NaOH.  The flasks were incubated under shaking (150 rpm) conditions at 280C, for 120 h [4]. 
At the end of the cultivation step, the biomass was separated by  centrifugation at 10.000 g, 
for 10 min , at 40C and the supernatant was used as crude enzyme extract.  
2.3. Purification of xylanase 

All purification steps were performed at 40C unless stated otherwise. The purification of 
xylanase (cell free supernatant) was carried out in two steps. The first step involved 
ammonium sulphate precipitation (40–90% saturation). The precipitated protein collected by 
centrifugation (10.000 g) for 10 min was dissolved in 0.2 M acetate buffer solution (pH 5.0). 
The two step involved the dialyzed fraction of concentrated proteins against the same buffer 
more diluted (0.02 M, pH 5.0) using dialysis tubing ( Roth, Germany), with a exclusion limit 
(MWCO) of 14.000 Da, for 24 hour with changing the buffer solution at 12 hours. The 
dialysates were concentrated and then used as the final preparation for further experiments. 
2.4. Xylanase assay 

The xylanase activity was determined by measuring the release of reducing sugars from 
birchwood xylan (1% w/v) by the dinitrosalicylic acid method [15]. One unit of xylanase 
activity (U) was defined as the amount of enzyme required to release 1 µmoL of xylose from 
birchwood xylan in 1 min under standard assay conditions (500C, 0.2 M acetate buffer, pH 5.0). 
2.5. Protein content estimation 

The protein content was estimated by Lowry’s method using bovine serum albumin 
(BSA) as standard [11].  
2.6. Characterization of xylanases 

The optimal pH for xylanases activity was determined by using different buffers (0.2M) 
ranging between 3.5 and 8.0 (acetate buffer, pH 3.5…5.5; phosphate buffer, pH 6.0…8.0). 
The pH stability was determined by incubating equal volume of enzyme solution with 
different buffers ranging between 3.5 and 8.0 at 500C for 30 min. The optimum temperature 
for xylanase activity was tested  between 30°C and 800C. For thermostability evaluation the 
enzyme was incubated at 30°C and 800C up to 30 minutes at the optimum pH, and the 
residual activities were determined after maintaining on an ice bath for 30 min. The rate of 
substrate hydrolysis, Km and Vmax values for birchwood xylan were determined using standard 
methods [6]. For the kinetic experiments, four different substrate concentrations were 
prepared in 200 mM acetate buffer (pH 5.0), and incubated with the purified xylanase 
fractions at 500C for 20 min. The Km and Vmax values were calculated from the kinetics data 
using the “GraFit” software [7,9]. 
2.7. Effect of various chemical compound upon the xylanase activity 

The effect of different metal ions and EDTA in a final concentration of 1 mM on 
xylanase activity was evaluated.  
2.8. Analysis of xylan hydrolyze  products 

The sources of xylan was the milled wheat straw (20 g) followed by their hydration in 
200 mL water at 600C. Because hemicelluloses hydrolysis is performed under alkaline 
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conditions, 170 mL of 24% KOH solution (prepared in 1% borax) was added into the 
hydration solution. For separation the mixture was centrifuged for 20 min at 4000 g, the 
sediment was removed and the supernatant retained. The supernatant is mixed with ethanol 
the ratio of 1:2 to precipitate the xylan in, followed by a further centrifugation at 4000 g, 20 
min. The sediment was washed with distilled water for 10 min achieving a ratio of 1:100 
between sediment and washing water. The operation is repeated twice and then centrifugation  
at 4000 g, for 20 min. Raw xylan is extracted from the sediment.  

Acid hydrolysis was used to determine the hydrolysis products of xylan extracted from 
straw. Thus, 0.5 g xylan extracted straw was treated with 10 mL of 0.25 M H2SO4 and heated 
in a water bath for 2 hours time. After cooling to room temperature (200C) the sollution was 
neutralized with 0.5 M CaCO3, and then centrifuged at 4000 g, 20 min. In the supernatant 
xylose was determined by DNS method. The values obtained are compared with the results 
after enzymatic hydrolysis. 

For enzymatic hydrolysis crude enzyme synthesized by Streptomyces P12-137 and a 
commercial exoxylanase from Bacillus spp. (Fluka BioChemie) were used. Xylan diluted in 
MiliQ water in 1:10 ratio was treated with enzyme, and 1-2 drops of toluene were added. The 
mix was then incubated at 400C for 48 hours, the hydrolysis yield being tested every 12 hours. 
At the end of the incubation period, the reaction mixture was centrifuged for 45 min, at 
10.000 g at 4°C. The hydrolysed mix was maintained for a short time on ice and  then filtered 
through a cellulose nitrate membrane filter (0.2µm) (Gelman Instrument Co, USA), to remove 
unhydrolysed xylan and other insoluble compounds. Reaction products  were 
chromatographically assayed using a RP-HPLC Jasco PU 980 equiped with a refractive index 
detector ERC 7515A and Coregel 87H column. Carbohydrates were separated by column 
using 0.0025 M sulfuric acid as eluent at a flow rate of 0.5 mL-1·min-1, mobile phase 100% 
MiliQ water, isocratic system, 20 µL injection loop, and temperature of 850C. 

Chromatographic standards consist of a mixture of carbohydrates glucose (Rt = 10.77 
minutes,), xylose (Rt = 11.51 minutes,), xylulose (Rt = 10.75 minutes), 1.5% xylan. An 
increase of the xylose peak area was observed at the end of the incubation phase at 500C for 
20 minutes (from 556,252 tiniţial to 704,548.7 tfinal).  
2.9. Statistical analysis 

All experiments were done in triplicate and the data presented here represents the mean 
of these replicates. The dates were subjected to analysis of variance (one way ANOVA) in 
Duncan multiple range test using SPSS 10.0 (IBM SPSS, USA) statistical software. The 
differences with p < 0.05 were considered significant. 
 
3. Results and discussion 
3.1. Purification of xylanase from Streptomyces P12-137 

In the study, the crude extracellular xylanase obtained  was purified to homogeneity by 
a simple procedure, which included mainly ammonium sulphate precipitation followed by 
dialysis. After ammonium sulphate precipitation, the xylanase activity and purification factor 
of each fraction were determined. A summary of the xylanase purification steps from the cell 
free culture supernatant of Streptomyces P12-137 strain is given in Table 1. 
 
Table 1 Summary of purification of the xylanase from Streptomyces P12-137 

Fraction 

Ammonium 
sulphate 

saturation (%) 

Extract 
volum 
(mL) 

Protein 
(mg) 

Enzymatic 
activity 

(U) 

Specific 
Activity 
(U ·mg-1) 

 
Purification 

factor Recovery, % 

Crude extract - 20 0.124 1.349 10.884 1 100 
F1 40 6 0.022 0.417 18.955 1.74 30.91 
F2 50 5 0.019 0.489 25.737 2.36 36.25 
F3 55 5 0.018 0.554 30.777 2.83 41.07 
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F4 60 5 0.023 0.574 24.957 2.29 42.55 
F5 65 5 0.018 0.818 45.444 4.18 60.63 
F6 80 5.5 0.027 0.985 36.481 3.55 73.02 

F7 90 6 0.027 0.333 12.33 1.13 24.68 

 
The most active fraction F5 with highest purification factor (4.18), corresponds to 65% 

saturation. In this case 60.63% enzyme recovery yield was obtained. Significant xylanase 
activity was also evident in fraction F6, obtained by precipitation in the presence of 80% 
saturation (NH4)2SO4, (Fig. 1). The presence of xylanase activity at higher values in the two 
fractions F5 and F6, separated by 65% and 80% ammonium sulphate saturation, denoted the 
presence of two types of xylanases with behavior and specific properties.  
 

 
Figure 1 Recovery of xylanase by precipitation with ammonium sulphate 

 
Many papers describe procedures of xylanases purification synthesized by bacteria in 

general, and streptomycetes in particular by precipitation with ammonium sulphate. Yan & al. 
[24], purified by precipitation with ammonium sulphate saturation 20…50% xylanase 
biosynthesised of Streptomyces matensis DW67. The precipitate obtained after centrifugation 
(10.000 g) was dissolved in 50 mM phosphate buffer (pH 6.5). Also, Ai & al. [1], purified 
xylanase produced by Streptomyces cyaneus SN 30 precipitating with ammonium sulphate at 
30-60% saturation. Tseng & al. [19], have purified two xylanase free-cellulase synthesized by 
Bacillus firmus grown on a medium with birchwood xylan, by precipitation with ammonium 
sulphate at a saturation of 65%. Li & al.[10], reported the purification of xylanase free-
cellulase produced by Paecilomyces thermophila using ammonium sulphate saturation of 20 
... 50%.  Similarly, Jiang & al. [7], notified production by Streptomyces olivaceoviridis E-86 
in culture medium with corn cobs powder, a xylanosome with 1.200 kDa molecular weight 
separated by precipitation with ammonium sulphate saturation 30-50%. 
3.2. The effect of pH and temperature on xylanases activity  

Temperature affects the rate of enzymatic reactions by changing the enzyme stability, 
the affinity of enzyme to substrate, the rate of cleavage by enzyme-substrate complex and 
affinity for activators and inhibitors enzymes. The action of optimum temperature is a 
defining physical parameter for some enzymes. The variation of xylanase activity was 
determined for two xylanase fractions separate at 65% and 80% ammonium sulphate 
saturations in the temperature range between 300C and 800C. For the fraction F5 separated at 
65% saturation, the maximum xylanase activity is observed in the range 550C...600C. 
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Xylanase activity is reduced by 50% at temperatures above 550C and is inactivated at 
temperatures above 700C (Fig.2B). 

For fraction F6 separated at 80% saturation, the maximum xylanase activity is observed 
also in the range 550C...600C. The enzyme is inactivated at temperature values above 700C. A 
good thermal stability is observed in the temperature range 350...500C, after which activity is 
reduced by 50% at 600C, with a total loss of activity at temperatures above 700C (Fig.2 A,B). 
In literature many  works present results which describe a maximum activity between 
500C...650C for xylanases belonging to the 11 family synthesized by streptomycetes. Thus, 
Yan & al. [24], described for the xylanase synthesized by Streptomyces matensis an optimum 
temperature of 650C in accordance with results in this study. 

(A)

30 40 50 60 70 80

0.1

0.2

0.3

0.4

0.5

0.6

0.7

X
ila

na
se

 a
ct

iv
ity

, U
 x

 m
L-1

x 
m

in
-1

Temperature, 0C (B)

30 40 50 60 70 80

0.0

0.1

0.2

0.3

0.4

0.5

0.6

xy
la

na
se

 a
ct

iv
ity

, U
 x

 m
L-1

x 
m

in
-1

Temperature, 0C
 

Figure 2 Optimum temperature activity  (A) and thermal stability  (B) of ammonium sulphate precipitated 
xylanses from Streptomyces P12-137. The residual activity of the treated xylanase was measured after 30 min 
pre-incubation at different temperatures for pH 5.0. (■) F5 xylanase fraction (●) F6 xylanase fraction 
 

Similar results were obtained by Wang & al. [22], of the 4 fractions purified from 
culture supernatant of Streptomyces actuosus A-151, one of the factions presented an 
optimum temperature at 600C, and the other three fractions at a temperature of 700C. 
Similarly, Ninave & al. [16], demonstrated for xylanase obtained after cultivation by strain 
Streptomyces cyaneus SN 30 on wheat bran, an optimum temperature of activity 600C...650C. 
Techapun & al.[18],  found an optimum temperature of 600C for xylanase produced by 
cultivating Streptomyces spp. strain 106 Ab by sugar cane. Tsujibo & al.[20], find an 
optimum temperature between 700C…600C  for extracellular xylanase by Streptomyces 
thermoviolaceus OPC-520. Jiang & al. [7], communicate for a xylanosome of 1.200 kDa 
product of Streptomyces olivaceoviridis E-86 strain an optimum temperature of 600C. Few 
xylanases produced by streptomycetes have a thermostable behavior.  

The effect of pH was studied in a range between 3.5...8.0 for active fractions. Xylanase 
activity is increased (more than 80% of the maximum) in a pH range of 5.0...7.5. For fraction 
F6 separated by ammonium sulphate 80% saturation registered a maximum activity at pH = 
6.5, xylanase activity has large values in this case in a pH range 5.0…7.0 (Fig.3A). 
Concerning the pH stability from both fractions resulted after partial purification, studies have 
shown that the enzymes are extremely sensitive to pH changes in the medium reaction. The 
xylanase fraction separated by precipitation at 65% saturation is stable in the pH range 
4.5...6.0 and maintains 85% of activity after pH = 8.0 by followed by the decrease to 40% of 
the activity. The enzyme separated by precipitation at 80% saturation is characterized by 
higher instability in the pH range 5.0...8.0 showing wider variations around the quadratic 
polynomial curve regression (Fig.3B). 

Comparing the obtained results with literature it can be concluded that xylanases 
synthesized by the selected strain Streptomyces P12-137, have similar properties to other 
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xylanases synthesized by streptomycetes. Yan & al.[24] purified one xylanase produced by 
Streptomyces matensis which presented a optimum pH value of 7.0. Range of stability in the 
case of enzymes described in this study, was comprised between pH 4.5...8.0. Three of the 4 
fractions with xylanase activity, produced by Streptomyces actuosus A-151 strain purified by 
Wang & al. [23], showed an optimum pH in the range 6.0...6.5. 
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Figure 3 Streptomyces P12-137 xylanases optimum pH activity (A) and pH stability (B) . The influence of pH 
on xylanase activity was determined at 500 C using 0.2 M of different buffers. The residual activity was 
measured after incubation for 30 min. at 500 C over various pH ranges. Buffer used: acetate buffer, pH 3.5–5.5; 
phosphate buffer, pH 6.0– 8.0. (■) F5 xylanase fraction (●) F6 xylanase fraction 
 

Ninave & al. [16], reported the same pH optimum value of 6.0 for xylanase 
biosynthesised by Streptomyces cyaneus SN 30. Tecahpun & al.[18], described a xylanase 
with optimum pH 6.0 produced by Streptomyces Ab 106 selected strain. Tsujibo & al. [20], 
were purified xylanase produced by Streptomyces thermoviolaceus OPC-520 strain, grown on 
xylan extracted from oat spealt that showed maximum activity at pH 7.0 and was stable over 
the pH range 5.0...9.0. The Michaelis–Menten constants were determined for birchwood 
xylan. The Km and vmax values were 0.2012 mg·mL−1 and 0.4742 s−1 for the xylanase fraction 
F5 separated by precipitation at 65% ammonium sulphate saturation and 0.0388 mg·mL−1 and 
0.6314 s−1 for the xylanase fraction F6 separated by precipitation at 80% ammonium sulphate 
saturation (Fig. 4 A,B). 

(A)  (B)  
 Figure 4 Kinetic parameters of xylanases separated from crude enzyme extract produced by Streptomyces P12-
137 strain. Substrate used - birchwood xylan.  Reaction conditions: substrate - 4 % soluble birchwood xylan,  
xylanase (1:10 substrate-enzyme ratio), temperature 50°C, pH 5.0, time of reaction 20 minutes (A) F5 xylanase 
fraction; (B) F6 xylanase fraction  
 

It is noted that the values of Vmax for both partially purified fractions are comparable 
which proves that both fractions may belong to the same type of enzyme. The value of KM 
different for the two fractions demonstrates that the two fractions behave differently 
(isoenzymes). 
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Analysis of the catalytic behavior of the two fractions with xylanase activity separated 
from crude enzyme extract produced by strain Streptomyces P12-137 lead to the conclusion 
that the two fractions represent isoenzymes with easily differentiated properties. Comparing 
the results with data from the literature shows that xylanases synthesized by Streptomyces 
P12-137 strain have high activity and catalytic properties slightly different compared with 
other enzymes obtained by streptomycetes selected strains (Table 2) 
Table 2 The catalytic properties of xylanase enzymes described in the literature and synthesized by  
Streptomyces. P12-137 selected strain 
 

Microorganisme Substrate 
for 

cultivation 

Growing 
conditions 

Xylanase 
activity, 

UI 

Optimum  
temp.ºC 

Optimum 
pH 

Half-life 
h 

References 

Thermoactino - 
myces thalophilus 

1% xylan + 
peptone 

500C , pH 8.5, 
4days 

18 65 8.5 2.0,(650C pH 
8.5) 

Kahli & 
al.[8] 

Streptomyces spp. 
QGI 13 

wheat bran 370C, pH 8.0,5days 7.5 50 8.5 1,0 (500C, 
pH 9.0) 

Beg & al.[3] 

Streptomyces albus 
ATCC 3005 

1%xylan  + 
yeast extract 

300, pH 7.5, 5days 12 60 6.5 0.5,(550C, 
pH 6.5) 

Antanopoulo
s & al. [2] 

Streptomyces  
cuspidosporus 

1%xylan  370C, pH 7.5, 
5days 

22 65 5.5 5.0,(550C, 
pH 5.5) 

Maheswari & 
Chandra, 
[13] 

Streptomyces 
roseiscleroticum 

1%xylan  370C, pH 7,5, 
5days 

16 60 7.0 NR Grabski & 
Jaffries [5] 

Streptomyces spp. 1%xylan  
1% straw 
bran  

NR 
NR 

5 
14 

50 
50 

8.0 
8.0 

NR 
NR 

Lumba & 
Penninuck, 
[12] 

Streptomyces spp. 
Ab 106 

1%xylan  1% 
sugarcane  

550C, pH 7.5, 
5days 
550C, pH 7.5, 
5days 

8 
13 

60 
60 

6.0 
6.9 

NR 
6.0 

Techapun & 
al. [18] 

Streptomyces spp. 
P12-137 crude 
extract 

2% wheat 
bran 

280C , pH 
6.0,5days 

27.71 70 5.5 ND - 

NR – undetermined. 1Xylanase activity was expressed in specific unit as defined above 
 
3.3. Activator or inhibitor effect of some chemical compounds on  xylanases activity  

Is widely accepted that xylanases may be inhibited or activated by metal ions or other 
reagents.  Xylanase activity was strongly inhibited by Hg2+ (10.52%), and was slightly 
inhibited by Cu2+ (50%), Fe3+ (56.84%), Mg2+ (67.37%), Ag+ (79.47%), Pb2+ (77.37%). On the 
contrary, it was activitated by Fe2+ (124.21%), Ca2+ (135.26%), Li+ (130.53%), Co2+ (142.63%), 
Na+ (149.47%), Mn2+ (149.47%) (Table 3). The enzymes were not affected by the presence of 
EDTA, Cd2+, K+, Zn2+ (Table 3). Most xylanases are strongly inhibited by Hg2+, indicating the 
presence of thiol groups in the active site. Comparing the results with the literature there is a 
similarity between the behavior of the xylanases synthesized by Streptomyces P12-137 strain 
and a number of other xylanase produced by streptomycetes [23,10]. 
 

Table 3 Activator and inhibitor effect of some cations and EDTA on Streptomyces P12-137 xylanases 
Reagent (1 mM)  Xylanase activity Relative activity Reagent (1 mM) Xylanase activity Relative activity 

 U·mL-1 (%)  U·mL-1 (%) 
Control  0.19 ± 0.02  100  K+  0.23 ± 0.05  118.95  

Fe2+  0.26 ± 0.03  124.21  Na+  0.28 ± 0.03  149.47  
Fe3+  0.11 ± 0.11  56.84  EDTA  0.19 ± 0.04  100  
Co2+  0.27 ± 0.08  142.63  Ag+  0.15 ± 0.21  79.47  
Hg2+  0.02 ± 0.01  10.52  Pb2+  0.15 ± 0.05  77.37  
Mn2+  0.28 ± 0.27  149.47  Cu2+  0.09 ± 0.07  50  
Zn2+  0.19 ± 0.10  103.68  Cd2+  0.20 ± 0.01  106.84  
Ca2+  0.26 ± 0.03  135.26  Li+  0.25 ± 0.05  130.53  
Mg2+  0.13 ± 0.02  67.37     
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3.4. Xylans hydrolysis and oligo-saccharides production potential  
For economic reasons, on one hand, and the potential of hydrolytic enzymes in crude 

enzyme complex, on the other hand we investigated the behavior of crude xylanase on 
commercial wheat bran xylan (Megazyme, Ireland) and xylan from wheat straw. For 
hydrolysis we used the crude enzyme obtained after 96 h of submerged cultivation in the 
described conditions. The HPLC chromatographic profiles are presented in figure Fig.5A and 
Fig.5B. Different reaction peaks, such as xylose (11.43 minutes), appear at the end of the 
reaction, proving the xylanolitic action of the crude enzyme extract. 

 
                                           (A)                                                                            (B) 
   Figure 5  HPLC chromatographic profile of  birchwood xylan hydrolysis with crude xylanase extract obtained 

after 96 h of submerged cultivation  of  Streptomyces P12-137 strain. (A) at the zero time of 
hydrolysis (B) after 20 min of hydrolysis 

 
The areas of the xylose peak value in this case are small due to the short hydrolysis time 

(20 minutes) imposed by the standard conditions of xylanase activity determination. We have 
also studied the hydrolytic behavior of the crude xylanase extract on wheat straw xylan 
compared to acid hydrolysis and the use of commercial endoxylanases (Trichoderma 
longibrachiatun, Fluka) and exoxylanase (Bacillus spp.). Enzymatic hydrolysis with different 
enzyme preparations was achieved in similar conditions for all samples. Through determining 
release yield of the xylose using different methods of the xylans hydrolysis, has been obtained 
a percentage of 82% for acid hydrolysis and 56% when has been used the crude enzyme 
extract synthesized by selected strain Streptomyces P12-137 and only 47% when has been 
used the commercial exoxylanase (Fig.6A).  
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                                              (A)                                                                           (B) 
Figure 6 Yield of xylan from wheat bran hydrolysis by acid and enzymatic hydrolysis. A.acid   hydrolysis;  B. 
hydrolysis with commercial exoxylanase obtained from Bacillus spp.  C.hydrolysis with  crude xylanase extract 
of Streptomyces  P12-137 (A); Dynamics of enzymatic hydrolysis of xylan from wheat straw with commercial 
endoxylanase produced by Trichoderma longibrachiatum (B). 
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Is noted a great power of hydrolysis of the crude xylanase extract synthesized by 
Streptomyces P12-137 compared with the commercial enzymes (commercial exoxylanase 
obtained from Bacillus spp.).  Subsequently, yields of enzymatic hydrolysis of xylan from 
straw wheat were determined and expressed as xylose released during the 48 hours of 
treatment. The slow release of xylose with the unpurified xylanasic crude extract within 48 
hours indicates an endoxylanasic activity, confirmed by HPLC analysis (Fig.6B). The 
chromatographic profile of the straw xylan hydrolyzate obtained by acid hydrolysis highlights 
the release of arabinose, with a 9 min. retention time and xylose at 11.47 min. (Fig.7A). 
Arabinose is released from the side chains of xylan. By acid hydrolysis deramifications takes 
place. In the case of hydrolysis with the crude xylanase extract synthesized by Streptomyces 
P12-137 strain more reaction products appear which confirms that the biocatalyst has 
endoxylanasic activity.  The dynamic of xylose release from xylan by enzymatic hydrolysis 
after 24 hours is shown in Fig.7B. 
 

     
                                 (A)                                                                                          (B) 
Figure 7 Xylan sample chromatogram subject to acid hydrolysis (0.25M H2SO4, 2 h, 900C) (A); HPLC 
chromatograms of hydrolysates of xylan straw with commercial exoxylanase by Bacillus spp. (top) and  crude 
xylanase by Streptomyces P12-137 (bottom) after 24 h of hydrolysis (B). 
 
4.Conclusion 

We have studied and optimized the separation conditions to obtain fractions with 
xylanase activity from a crude enzyme extract obtained by cultivation under optimal 
fermentative condition of the Streptomyces P12-137 selected strain. By precipitation with 
ammonium sulphate saturation of 65% and 80% two active fractions were separated, resulting 
in a degree of enzyme purification of 4.18. The largest enzyme recovery yield was obtained at 
a saturation of 65% ammonium sulphate, the fraction exhibiting a maximum specific activity 
of 45.44 U·mg-1 protein and a purification yield of 60.63%. Enzymatic active fractions 
separated by ammonium sulphate precipitation had different behaviors as regards their 
optimum catalytic activity conditions (pH, temperature, stability) and also acted differently 
compared to the crude enzyme extract, which explains the ability of Streptomyces P12-137 
selected strains to synthesize xylonolitic enzyme complex. 

The properties of xylanases synthesized by Streptomyces P12-137 strain are similar to 
other enzymes in this category synthesized by streptomycetes described in the literature. The 
potential of hydrolysis of xylan as substrate is higher in the case by xylanases synthesized by 
Streptomyces P12-137 strain and this is certified by kinetic parameters analysis (Vmax and KM) 
and chromatographic analysis profiles (HPLC) of hydrolysis products compared to products 
obtained by acid hydrolysis or obtained by action of a commercial fungal endoxylanase 
(Trichoderma longibrachiatun). Crude enzyme extract produced by Streptomyces P12-137 
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strain can be recommended for practical use in the modification of the natural xylans for 
xylooligosaccharides production. These additives can be used in functional food production 
(dairy products, bakery products) due to the prebiotic role in vivo. There are also important 
implications for agroindustrial waste bioconversion. 
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