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Abstract: The antifungal activity of different actinomycetal isolates was tested, in vitro, against the soil-borne
plant pathogen, Fusarium solani, grown on PDA medium. Among the tested isolates, Streptomyces griseus
(accession number AB723782) showed the highest growth inhibition against the tested fungus and this was
principally due to a proteolytic activity. The alkaline protease produced by this strain, was partially purified by
ammonium sulphate precipitation, then was subjected to a sephacryl S-300 gel filtration column
chromatography. These treatments afforded 2.15-fold increase in the specific activity of the crude enzyme, a
3.5 % recovery and an about 7.5 purification fold. The enzyme exhibited the highest activity at pH 8 and 55°C.
Stability studies showed that, after 30 minutes of preincubating the enzyme at pH range of 6 to 10, it retained
more than 80% of its original activity. Also, after 60 minutes of preincubation at temperature range from 25 to
50°C, it retained 70% of its original activity. Moreover, phenyl methyl sulphonyl fluoride (PMSF) strongly
inhibited the enzyme activity suggesting that it is a serine protease enzyme. The K  and V  values exhibitedm max

by the partially purified protease at the optimum conditions were 2.5 mg/ml and 190 U/mg protein, respectively,
using casein as substrate. The partially purified enzyme was found to inhibit the growth of F. solani less than
the crude filtrate, indicating that the mode of action of this enzyme takes place through a synergistic
relationship with other lytic enzymes.
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INTRODUCTION Control of such diseases mainly depends on fungicide

Plants in their natural environment are exposed to fungicides causes hazards to human health and
deleterious microorganisms such as fungi, bacteria, environmental degradation and is not always satisfactory.
viruses….. etc., which cause plant diseases and affect Therefore, alternative approaches for the control of plant
crop production. Of them, several soil borne fungal diseases should be emphasized [6]. The use of
pathogens, such as Fusarium solani, cause many microorganisms to control plant pathogens is a suitable
diseases, such as root rots and wilt, which result in and eco friendly alternative way of reducing the use of
serious reductions in the yields and quality of vegetable agro-chemicals [7]. From these microorganisms,
plants  eventually,  causing significant economic losses actinomycetes, particularly Streptomyces sp., which are
[1,2]. Although these diseases are worldwide spread, gram positive filamentous bacteria that produce and
several studies such as that of Abd El-Khair et al. [3], secrete a wide array of biologically active compounds
reported that the F. solani and R. solani are the common including antibiotics, hydrolytic enzymes (e.g. chitinases
crop diseases causing soilborne pathogens, in Egypt. and proteases) and enzyme inhibitors [8]. Actinomycetes
Furthermore,  the  isolation  study  made by Haggag and have  the  advantage  of  being resistant to desiccation
El-Gamal [4] revealed that the F. solani was more common and nutrient stress, due to their ability to produce spores
in Egyptian soil than any other fungi, like R. solani. [9, 10]. 

treatments [5]. However, intensive application of
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The antagonistic activity of several Streptomyces sp. PDA and kept at 4°C for further studies. A pure culture of
against a number of fungal pathogenic species has been the fungal isolate was identified, at the Egyptian National
known for a long time [11]. However, since the fungal cell Research Center, as F. solani according to some cultural
wall is a complex structure containing various types and properties as well as certain morphological and
percentages of carbohydrates, proteins, lipids, etc. [12, 13] microscopical characteristics [30].
therefore the -1, 3-glucanases, proteases and chitinases
are  the  key enzymes responsible for fungal cell wall lysis Production Microorganisms: Serine protease enzymes
and degradation [14]. Proteases can be classified were produced by some actinomycetal strains, isolated in
according to their active pH range into neutral, acidic and a previous study [23] from a local soil sample. Some of
alkaline pH. Each of these groups is also divided into six these isolates were identified as Streptomyces griseolus,
sub-classes based on the type of functional groups Streptomyces vlavogriseus and Streptomyces griseus in
present in their active sites. They are either aspartic, former studies applying 16S rRNA sequencing data
cysteine, glutamic, metallo, serine, or threonine proteases. collection [23, 31, 32].
Serine proteases have particularly attracted interest for
their hydrolytic activity toward recalcitrant animal Assay of Antifungal Activity: Fifteen ml of the assay
proteins such as collagen, keratin, blood clot and amyloid medium (starch-nitrate-agar) were poured in sterile Petri
proteins from the perspective of beneficial use of dishes and left to solidify. Triplicates, each of one cm in
industrial waste and medical applications [15]. On the diameter disks were taken from 9 days old cultures of
other hand, alkaline proteases of microbial origin possess different  actinomycetal  isolates  and placed on the
considerable industrial applications due to their surface of the solidified medium previously inoculated
biochemical diversity as in tannery and food industries, with F. solani. The plates were then incubated at 30°C for
medicinal formulations, detergents and processes like 4 days and the diameter of the developed inhibition zone
waste treatment, silver recovery and resolution of amino was measured in cm.
acid mixtures [16-18]. Alkaline serine proteases have
aspartate  (D)  and  histidine  (H)  residues along with Primary Screening for Protease Production: The
serine  (S)  in  their active sites forming a catalytic triad isolated actinomycetes, shown positive results against
[19].  Streptomyces  species  producing protease include the test microorganism, were screened for protease
S. griseus, S. rimosus and S. thermovulgaris [20-23]. production by cultivation in nutrient broth medium
Moreover, several alkaline proteases have been extracted containing  (g/l):  peptone,  10;  yeast extract, 5; glucose,
from many Bacillus strains [24, 25] and Streptomyces sp. 10 and NaCl, 10 (pH 7) for 4 days with agitation at 200 rpm
[26] then purified and characterized. The purification and 30°C. The culture filtrate was assayed for protease
process was found to increase the specific activity of activity according to the method of Tsuchida et al. [33],
enzymes, making them more agreeable for industrial as described later on.
applications [27,28]. However, there are no set rules for
the purification of the alkaline proteases as each enzyme Growth and Culture Conditions for Enzyme Production:
has its own suitable purification method [29]. The selected microorganism was grown in a basal medium

The aim of the present study was to purify and containing (g/l):, sucrose, 20; NaCl, 0.5; KNO 2; K HPO
1; MgSO 0.5; CaCO 3 as well as FeSO , ZnSO  and

isolated S. griseous strain, which has a potential activity MnCl ; 0.01 of each (pH 7) in 250 ml Erlenmyer flasks. The
against the locally isolated fungus F. solani. inocula were prepared by growing the microorganism

MATERIALS AND METHODS suspension of 1×10  cells/ml was prepared in sterile saline

Microorganisms mentioned medium in the final concentration of 4% (v/v).
Test Microorganisms: The fungal pathogen, isolated The  flasks  were  incubated  at 30°C on a rotary shaker
from a local soil sample, was grown on potato dextrose (200 rpm) for 4 days. The cultivation broth was then
agar (PDA) plates and incubated at 30°C for 5 days. centrifuged at 6000 rpm for 10 minutes. Both protease
Purification of the fungus was done using the hyphal tip activity and protein content were determined in the
technique. The strain was then transferred into slants of supernatant.

3, 2 4,

characterize the protease enzyme, produced by a locally 4, 3, 4 4

2

under test on soy bean slants for 9 days, then a spore
5

solution and used to inoculate 50 ml of the above
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Enzyme  Assay:  Protease  activity in the culture then the concentrated enzyme sample was loaded and
supernatant was determined using casein as a substrate, eluted  with  the  same  buffer  at  a flow rate of 20 ml/h.
according to the method of Tsuchida et al. [33] with some The collected 3 ml fractions were analyzed for protease
modifications. Enzyme activity was determined by activity  and  the positively active ones were pooled,
incubating 100µl of the enzyme solution with 900µl of the mixed, dialyzed against distilled water and dried then
substrate solution (0.2% w/v casein in 10 mM Tris-HCl stored at -20°C for further studies. 
buffer of pH 8). The reaction mixture was incubated at
37°C for 30 minutes, after which the reaction was stopped Ion-Exchange Chromatography: The gel filtrated enzyme
by the addition of 1ml of 10% (w/v) trichloroacetic acid sample was subjected to an ion-exchange
then incubated in ice for 15 minutes. The insoluble chromatography column applying any of DEAE-cellulose,
proteins were precipitated by centrifugation at 12,000 rpm DEAE-sepharose as anionic exchangers, as well as
for 10 min and 4°C. The acid soluble product in the cellulose phosphate as a cationic exchanger. Stepwise
supernatant was neutralized by 5 ml of 0.5 M Na CO elution was performed using different molar2 3

solution. Alkaline serine protease was finally detected by concentrations of NaCl ranging from 0.0-0.5M dissolved
the addition of 0.5 ml of Folin Ciocalteau reagent which in phosphate buffer (pH 8).
was then incubated at room temperature for 30 minutes.
The developed color was measured at 750 nm. One Characterization of the Purified Enzyme
protease unit is defined as the amount of enzyme that Effect of pH on Protease Activity and Stability: The effect
releases 1µg tyrosine per ml per minute under the above of pH on the activity and stability of the partially purified
assay conditions. The specific activity is expressed in the protease was measured at different pH values (3.0-11.0)
units of enzyme activity per milligram of protein. using 0.2% (w/v) solution of casein as a substrate

Protein Concentration: Protein concentration was (pH  3.0-4.0),  sodium  acetate  (pH  4.0-5.5),  phosphate
determined by the method of Lowry et al. [34] using (pH  5.5-7.0),  tris–HCl  (pH  7.0-9.5)  and glycine-NaOH
bovine serum albumin (BSA) as a standard and the (pH 9.5-11.0). For pH stability, the enzyme was dissolved
absorbance was measured at 280 nm. in  the  buffer  and  incubated  alone  at 37°C in the

Enzyme Purification: The enzyme purification was residual activity was measured applying the normal assay
performed through a sequence of three different steps as method.
follows:

Effect of Temperature on Protease Activity and Stability:
Sequential Ammonium Sulphate Precipitation: The The optimum temperature for protease activity was
enzyme was first precipitated from the cell free determined by incubating the reaction mixture at different
supernatant by the addition of ammonium sulphate at temperatures, ranged from 25 to 90°C using 0.2% (w/v)
different saturation levels ranging from 20-80%, dissolved casein solution at the optimum pH (8.0). Thermal stability
and kept for 2 h at 4°C and the precipitated protein was profile  was  determined  by incubating the partially
collected by centrifugation at 10,000 rpm for 20 min and purified  enzyme  at  the  same  different temperatures for
4°C then resuspended in a minimal volume of 0.1M 30 and 60 minutes prior to adding the substrate. The
phosphate buffer, pH 8.0 to obtain the concentrated residual activity was measured by considering initial
enzyme suspension. The enzyme solution was finally enzyme activity as 100%.
dialyzed against the same buffer and this was repeated till
the buffer outside the bag was free from sulphate ions, Effect of some Inhibitors on Protease Activity: The effect
then the enzyme solution was lyophilized and weighted. of some protease inhibitors such as cysteine-HCl, DTT

Sephacryl S-300 Gel Filtration Chromatography: The EDTA (Ethylene diamine tetraacetic acid) and Pestatin A
concentrated enzyme fraction, originating from the 40-60% was investigated by pre-incubating the enzyme, in 1 ml
ammonium sulfate saturation was purified applying a solutions of 10mM of each of the above mentioned
Sephacryl S-300 column (150 x 1.6 cm). The column was inhibitors individually, for 20 minutes at 37°C and the
first equilibrated with 50 mM phosphate buffer (pH 8.0) residual activity was determined in the normal manner.

dissolved  in  different  buffers (50 mM): sodium citrate

absence of its substrate for 30 minutes and then the

(Dithiothreitol), PMSF (Phenyl methyl sulphonyl fluoride),



World Appl. Sci. J., 33 (5): 831-842, 2015

834

Effect of Substrate Concentration on Protease Activity: results are in accordance with those obtained by Abdallah
The effect of substrate concentration on the enzyme et al. [43], who found that the highest recovered activity
activity was studied using various concentrations of was achieved with 50% ammonium sulphate saturation,
casein  ranged from 2 to 10 mg. The values of K and V which exhibited 13.18 fold purification of extracellularm max

of the partially purified enzyme were calculated according alkaline protease produced by S. rochei NRC 24. On the
to the Lineweaver-Burk plot. other hand, Al-Askar et al. [44] reported that the maximum

Assay of Antifungal Activity of the Partially Purified of S. griseorubens E44G was reached at 70% ammonium
Enzyme: The antifungal activity of protease enzyme sulphate saturation, giving the highest proteolytic activity
against F. solani was carried out using agar well diffusion and specific activity. 
method [35] using 100 µl of either crude culture filtrate,
Fraction 40-60 or the partially purified enzyme. One ml of Purification using Sephacryl S-300 Gel
the tested fungus, containing 1x10  CFU, was used for the Chromatography: The elution profile through sephacryl5

surface inoculation of each PDA plate and the activity S-300 for the enzyme is shown in Fig. 1. Two sharp protein
was determined after 4 days of incubation at 30°C by peaks were shown, but only one (fractions from 25-33)
measuring  the diameters (cm) of the developed inhibition exhibited proteolytic activity, while the other peak
zones. exhibited no proteolytic activity. Moreover, as shown in

RESULTS AND DISCUSSION partially  purified  protease with a specific activity of

Screening of Actinomycetes Isolates against the Plant of the applied sample. Similar results were obtained by
Pathogen F. solani: As shown in Table 1, S. griseus Haggag et al. [45], who used a 2-steps procedure
showed the highest antifungal activity against F. solani
with an inhibition zone of 2.5 cm, indicating its potential
antifungal activity due to the production of the
extracellular  enzymes.  Similarly,  the  inhibitory effect of
S. griseus against growth of some pathogenic fungal
strains was observed by Anitha and Rabeeth [36] due to
the presence of some inhibitory substances and enzymes
such as proteases and glucanases essential for complete
cell-wall lysis. Also, these results are in agreement with
those of Fguira et al. [37] and Atta [38], who reported that
the antifungal activity of streptomyces is commonly
attributed to the production of antifungal compounds
and/or extracellular hydrolytic enzymes [39,40]. Similarly,
an inhibitory effect of Streptomyces RC1071 and
Streptomyces lydicus WYEC108 against the growth of a
wider range of pathogenic fungal strains was earlier
reported by Yuan and Crawford [41] and Gomes et al. [42].

Purification of Protease Enzyme
Sequential Precipitation by Ammonium Sulphate: From
the results summarized in Table 2, an extracellular protease
was precipitated from the culture filtrate of S. griseus
using different saturation levels of ammonium sulphate
ranging  from  20  to  80%.  The  result  showed  that the
40-60% ammonium sulfate saturation fraction possessed
an increase of purification fold to 3.51 times, showing the
highest enzyme activity (2312.0 U/ml) and specific activity
(1472.6 U/mg) with activity recovery of 4.28%. These

precipitation of protease content from the culture filtrate

Table 2, the two step purification process yielded a

3166.7 U/mg protein and a purification of 7.55 fold of that

involving  ammonium  sulfate precipitation and Sephdex
G-200 gel-permeation chromatography for the purification
of protease. Furthermore, different enzyme purification
folds ranging from 4.25 to 200 folds as well as different
specific activities ranging from 13.33- 159381 U/mg of
protein and percent recovery ranging from 2 to 21% have
been previously described for protease enzyme
originating from different microbial species [46-50] using
gel filtration chromatography packed with different
matrices such as sephacryl S-300 [51] sephadex G-200 [28]
and CM-sephadex C-50 [26]. 

Purification Using Ion-Exchange Chromatography: All
the ion-exchange supports applied failed to proceed any
further purification for gel-filtered sample (fraction 25-33),
furthermore, all the eluted fractions exhibited no relevant
proteolytic activity. This may be due to that all the trying
supports  were  unsuitable  for the protease purification.
Or this could be explained by the possible synergistic
action of protease enzyme with the other enzymes present
in the culture filtrate as explained by Ait-Lahsen, et al.
[52], who studied the purification and characterization of
an -1,3-glucanase protein. In this study, the purification
method was based on the strong affinity of the enzyme to
insoluble s-glucan. The yield, obtained after purification,
was only 10% and the authors attributed this low yield to
the synergistic action of the enzyme with other -1, 3-
glucanolytic enzymes present in the culture filtrate.
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Table 1: Antifungal activity of different actinomycetal isolates against Fusarium solani after 4 days of incubation at 30°C
Isolate no. Clear zone width (cm)
S. flavogriseus 2.0
S. griseus 2.5
S. griseolus 0.0
1 2.0
2 2.1
3 0.0
4 0.0
5 1.8
6 0.0
7 1.1
8 0.0
9 1.5
10 0.0
11 0.0

Table 2: Summary of the results of the partial purification steps of protease enzyme produced by S. griseus.
Protease activity and specific activity
-----------------------------------------------------------------
Fraction total Recovered Specific activity

Purification step Fraction total protein (mg) activity (U) activity (%) (U/mg protein) Purification fold
None (CF) 128.8  54000 100.0 419.3 1.00
Ammonium sulfate precipitation saturation (%)
0-20 0.21 114.0 0.21 542.9 1.30
20-40 1.23 1700.9 3.15 1382.8 3.30
40-60 1.57 2312.0 4.28 1472.6 3.51
60-80 1.47 1800.0 3.33 1224.4 2.92
Sephacryl S-300 gel filtration (F25-33) 0.60 1900.0 3.50 3166.7 7.55

Fig. 1: Elution profile of S. griseus protease through Sephacryl S-300 column chromatography

Characterization of the Partially Purified Enzyme enzyme. Lower enzyme activities were recorded at higher
Effect of pH on Enzyme Activity and Stability: As shown and lower pH values. These results are in accordance to
in Fig. 2, the activity of the partially purified protease was those of Abdallah et al. [43], who found that the optimum
greatly influenced by the change in the pH. Although, pH of alkaline protease produced by Streptomyces rochei
protease produced by S. griseus was active over a broad NRC 24 was 8.0. Similar results were reported by Ferracini-
range of pH ranging from 6 to 11, optimal activity was Santoes and Sato [53]. On the other hand, the pH stability
detected at pH 8.0 indicating the alkaline nature of the of the alkaline protease produced by S. griseus was tested
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Fig. 2: Effect of reaction pH on activity of partial purified protease produced by S. griseus

Fig. 3: pH stability of partially purified protease produced by S. griseus

Fig. 4: Effect of reaction temperature on the activity of the partially purified protease produced by S. griseus
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Fig. 5: Thermal stability of the partially purified protease produced by S. griseus

Fig. 6: Effect of some inhibitors on the activity of the partially purified protease produced by S. griseus

by incubating the enzyme solution, in the absence of its protease was determined. The results presented in Fig. 4,
substrate, at different pH values for 30 minutes at 37°C showed that the maximum activity of protease was
then the residual activity of each sample was measured obtained at 55°C. Further increase of temperature up to
following the normal assay procedure. The results, 90°C resulted in a gradual decrease in the enzyme activity
illustrated in Fig. 3, obviously revealed that the enzyme, due to the protein thermal denaturation at the elevated
previously incubated at pH 8, showed the highest temperatures. The increase in the activity of a typical
stability. The results also showed that, about 82% and enzyme, along with the increase in temperature over a
80%  retention  of  the  enzyme  activity  were detected at definite range and then its significant decrease above
pH 6.0 and 10.0, respectively. These results agreed with some critical temperature that is characteristic of the
many studies  reported   for   proteases   produced  from protein denaturation was previously explained by
S. megasporus SD5 [54]. On the other hand, Nadeem et al. Copeland [56]. Moreover, these results were similar to
[55] found that the alkaline protease produced from those reported for Streptomyces sp. 594 [57],
Bacillus licheniformis UV-9 was stable over a wide range Streptomyces sp [58] and Bacillus sp BZI-2 [28]. On the
of pH (8-11) and retained its 80% activity at pH 11. other hand, Agrawal et al. [59] recorded that the optimum

Effect of Temperature on the Enzyme Activity and was at 40°C. However, thermostable proteases, with high
Stability: The effect of different temperatures, ranging activity at 70°C, have been reported for many proteases
from 25 to 90°C, on the activity of the partially purified produced   from  S.  corchorusii   [60], S. megasporus [61],

temperature for alkaline protease activity from Bacillus sp.



World Appl. Sci. J., 33 (5): 831-842, 2015

838

S.  thermovulgaris  [20]  and  S.  thermoviolaceus  [62]. (data not shown). On the other hand, the crude enzyme
The thermo stability profile of the partially purified showed a larger zone of clearance that reached 2.5 cm
protease showed that the enzyme activity was nearly thus indicating the presence of a greater amount of
stable after 30 and 60 minutes preincubation at inhibitory substance in the culture filtrate. The ability of
temperature range of 25-50°C. The results in Fig. 5 also the enzyme to inhibit F. solani growth in vitro indicates
indicated that the enzyme retained about 81.2% and 60.2% that this enzyme may play a role in the antagonistic
of its initial activity after 30 and 60 minutes of interaction between S. griseus and F. solani. Similarly, an
preincubation at 55°C, respectively. The thermo stability inhibitory  effect  of  the  purified  protease  produced by
results  of  the  partially  purified  protease  produced  by S. griseus on the growth of Rhizoctonia solani was
S.  griseus  are  in  agreement  with  those   produced  by previously reported by Al-Askar et al. [44].
S. rochei NRC 24 [43]. On the other side, Mane et al. [63]
reported that the alkaline protease extracted from CONCLUSION
Streptomyces sp. D1 is thermostable and retained 74.3%
and 62.4% of its initial activities for 120 minutes at 70°C In the present study, the antifungal activity of S.
and 80°C, respectively. griseus against F. solani was investigated. The crude

Effect of some Inhibitors on Enzyme Activity: The effects griseus demonstrated marked inhibitory effect on the
of some protease inhibitors on the enzyme activity were growth of the phytopathogenic tested fungus compared
examined. The results summarized in Fig. 6 showed that to that of the enzyme sample precipitated by ammonium
both cysteine-HCl and DTT inhibitors increased the sulphate (Fraction 40-60) or the partially purified enzyme
protease activity compared to the control. However, both obtained after its application through sephacryl S-300
EDTA and pepstatin A only slightly inhibited the column chromatography. The obtained purification fold
protease activity by 14.4% and 6.8% respectively. and specific activity, calculated after the second
However, the partially purified protease was strongly purification step, reached 7.55 and 3166.7U/mg
inhibited by PMSF, indicating that the enzyme belongs to respectively. Also, the partially purified enzyme showed
a serine protease family [63, 64]. According to Banerjee desirable properties such as high activity and stability at
and Battacharyya [65] and Fujiwara et al. [66], most fungal broad ranges of pH and temperature. The results also
and bacterial alkaline proteases are serine proteases which showed that PMSF strongly inhibited the enzyme activity,
can be inhibited by PMSF and DFP. Similar results were suggesting its serine nature. The K  and V  values were
also described for Streptomyces sp. strain AB1 [67], 2.5 mg/ml and 190 U/mg protein, respectively. These
Streptomyces sp. [58], Streptomyces clavuligerus [68] and optimized conditions can be implemented for alkaline
Streptomyces sp. 594 [57]. protease production on industrial scale.

Kinetic Studies: The kinetic parameters K and V of the REFERENCESm max

partial purified alkaline protease produced by S. griseus
were determined according to Lineweaver-Burk Plot using
various substrate (casein) concentrations (2-10 mg/ml).
The  results  revealed  that  the  partially  purified protease
had a V of 190 U/mg protein and a K  value of 2.5 mg/ml.max m

Femi-Ola and Oladokun [69] found that protease from
Lactobacillus brevis had a V  of 250 U/mg protein andmax

K  value of 50 mg/ml. Also, Gupta et al. [70] reported thatm

haloalkaliphilic Bacillus sp. protease has K  and Vm max

towards caseinolytic activity of 2 mg m/l and 289.8 µg/min,
respectively.

Antifungal  Activity  of the Partially Purified Enzyme:
The results obtained from the agar diffusion method
revealed  that  the  2-step partially purified enzyme gave
2.0 cm inhibition zone confirming its antifungal activity

form of the alkaline serine protease produced by S.

m max

1. Abdel-Monaim, M.F., 2010. Induced systemic
resistance in tomato plants against Fusarium wilt
disease. Pages 253-263. In Proceedings of the 2nd

Minia Conference for Agriculture and Environmental
Science, 22-25 March, 2010, Minia, Egypt.

2. Abu-Taleb, M.A., K. El-Deeb and F.O. Al-Otibi, 2011.
Assessment of antifungal activity of Rumex
vesicarius L. and Ziziphus spina-christi (L.) wild
extracts against two phytopathogenic fungi. African
Journal of Microbiology Research, 5(9): 1001-1011.

3. Abd-El-Khair, H., R. Khalifa and K. Haggag, 2011.
Effect of Trichoderma species on damping off
diseases incidence, some plant enzymes activity and
nutritional status of bean plants. Journal of American
Science, 6(9): 486-497.



World Appl. Sci. J., 33 (5): 831-842, 2015

839

4. Haggag, N. and E. El-Gamal, 2012. In vitro Study on 16. Rao,  M.B.,   A.M.   Tanksale,   M.S.   Ghalge  and
Fusarium solani and Rhizoctonia solani Isolates
Causing the Damping Off and Root Rot Diseases in
Tomatoes. Nature and Science, 10(11): 16-25.

5. El-Mougy, N.S., F. Abd-El-Karem, N.G. El-Gamal and
Y.O. Fotouh, 2004. Application of fungicides
alternatives for controlling cowpea root rot diseases
under greenhouse and field conditions. Egypt. J.
Phytopathol., 32: 23-35.

6. Mandal, S., N. Mallick and A. Mitra, 2009. Salicylic
acid- induced resistance to Fusarium oxysporum f.
sp. lycopersici  in tomato. Plant Physiol. Biochem.,
47: 642-649.

7. Al-Askar,    A.A.,     W.M.     Abdul     Khair   and
Y.M. Rashad, 2011. In vitro antifungal activity of
Streptomyces spororaveus RDS28 against some
phytopathogenic   fungi.   Afr.   J.    Agric.  Res.,
6(12): 2835-2842.

8. Viterbo A., J. Inbar, Y. Hadar and I. Chet, 2007. Plant
Disease Biocontrol and Induced Resistance via
Fungal Mycoparasites. In: Kubicek C.P. and I.S.
Druzhinina, Editors. Environmental and microbial
relationships. Berlin: Springer Verlag, pp: 325-340.

9. Compant,  S.,  B.  Duffy, J. Nowak, C. Clément and
E.A. Barka, 2005. Use of plant growth-promoting
bacteria for biocontrol of plant diseases: principles,
mechanisms of action and future prospects. Applied
and Environmental Microbiology, 71(9): 4951-4959.

10. Shantikumar, S.L., I. Baruah and T.C. Bora, 2006.
Actinomycetes of Loktak Habitat: Isolation and
screening for antimicrobial activities. Biotechnol.,
5(2): 217 -221.

11. Crawford,  D.I.,  J.M.  Lynch,  J.M.   Whipps  and
M.A. Ousley, 1993. Isolation and characterization of
actinomycetes antagonists of fungal root pathogen.
Appl. Environ. Microbiol., 59: 3899-3905.

12. Bartnicki-Garcia, S., 1970. Cell Wall Composition and
other Biochemical Markers in Fungal Phylogeny. In
J.B. Harborne, Ed., Phytochemical Phylogeny.
Academic Press, London, pp: 81-101.

13. Smith, J.E. and D.R. Berry, 1974. Biochemistry of
Fungal  Development.  Academic Press, New York,
pp: 51-72.

14. Kucuk, C. and M. Kivanc, 2004. In vitro antifungal
activity of strains of Trichoderma harzianum. Turk.
J. Biol., 28: 111-115.

15. Uesugi, Y., H. Usuki, M. Iwabuchi and T. Hatanaka,
2011. Highly potent fibrinolytic serine protease from
Streptomyces.  Enzyme  and Microbial Technology,
48: 7-12.

V.V. Desphande, 1998. Molecular and
biotechnological aspects of microbial proteases.
Microbiology,     Molecular         Biology     Review,
62: 597-635.

17. Agrawal,  R.,  R.  Singh,  A.  Verma,  P.  Panwar  and
A. Verma, 2012. Partial Purification and
Characterization of Alkaline Protease from Bacillus
sp. Isolated from Soil. World Journal of Agricultural
Sciences, 8(1): 129-133.

18. Devi,   K.M.,    A.R.    Banu,    G.R.  Gnanaprabhal,
B.V. Pradeep and M. Palaniswany, 2008. Purification,
characterization of alkaline protease enzyme from
native isolate of Aspergillus niger and its
compatibility with commercial detergents. Indian
Journal of Science and Technology, 1: 7-13.

19. Gupta, R., Q.K. Beg and P. Lorenz, 2002. Bacterial
alkaline proteases: molecular approaches and
industrial applications. Applied Microbiology and
Biotechnology, 59(1): 15-32.

20. Yeoman, K. and C. Edwards, 1994. Protease
production by Streptomyces thermovlugaris grown
on   rapemeal-derived    media.   J.   Appl.  Bacteriol.,
77: 264-70.

21. Hadeer, A., 1999. Optimization of Streptomyces
griseus proteinase production by solid substrate
fermentation Iraq J. Sci., 40B: 15-26.

22. Yang, S. and J. Wang, 1999. Protease and amylase
production of Streptomyces rimosus in submerged
and  solid  state  cultivation.  Bot. Bull.  Acad.  Sin.,
40: 259-265.

23. El-Gammal, E.W., D.E. El-Hadedy, M.M. Saad and
S.A. Moharib, 2012. Optimization of the
environmental conditions for alkaline protease
production using Streptomyces griseus in submerged
fermentation  process.  Aust.   J.   Basic   Appl.  Sci.,
6: 643-653.

24. Bhaskar,  N.,  E.S.   Sudeepa,   H.N.   Rashmi   and
A.T. Selvi, 2007. Partial purification and
characterization of protease of Bacillus proteolyticus
CFR3001 isolated  from  fish  processing  waste and
its  antibacterial  activities.   Bioresource  Technol.,
98: 2758- 2764.

25. Padmapriya, B., T. Rajeswari, R. Nandita and F. Raj,
2012. Production and purification of alkaline serine
protease from marine Bacillus species and its
application in detergent industry. European Journal
of Applied Sciences, 4(1): 21-26.



World Appl. Sci. J., 33 (5): 831-842, 2015

840

26. Yum, D., R. Chung, D. Bai, D. Oh and J. Yut, 1994. 37. Fguira, L.F., S. Fotso, R.B. Ameur-Mehdi, L. Mellouli
Purification and Characterization of Alkaline Serine and H. Laatsch, 2005. Purification and structure
Protease from an Alkalophilic Streptomyces sp. elucidation of antifungal and antibacterial activities
Biosci. Biotech. Biochem., 58(3): 470-474. of newly isolated Streptomyces sp. strain US80. Res

27. Kumar, C.G., 2002. Purification and characterization of Microbiol., 156: 341-347.
a thermostable alkaline protease from alkalophilic 38. Atta, H.M., 2009: An antifungal agent produced by
Bacillus pumilus. Letters in Applied Microbiology, Streptomyces olivaceiscleroticus, AZ-SH514. World
34(1): 13-17. Appl. Sci. J., 6(11):1495-1505.

28. Adinarayana, K., P. Ellaiah and D. Prasad, 2003. 39. Mukherjee, G. and S.K. Sen, 2006. Purification,
Purification and partial characterization of characterization and antifungal activity of chitinase
thermostable serine alkaline protease from a newly from Streptomyces venezuelae P10. Curr Microbiol.,
isolated Bacillus subtilis PE-1. AAPS Pharm. Sci. 53: 265-269.
Tech., 4(4): 440-448. 40. Prapagdee, B., C. Kuekulvong and S. Mongkolsuk,

29. Gupta, R., Q.K. Beg, S. Khan and B. Chauhan, 2002. 2008.  Antifungal  potential  of extracellular
An overview on fermentation, downstream metabolites produced by Streptomyces
processing   and      properties     of   microbial hygroscopicus against phytopathogenic fungi. Int. J.
alkaline  proteases.  Appl.   Microbiol.  Biotechnol., Boil. Sci., 4(5): 330-337.
60: 381-395. 41. Yuan, W.M. and D.I. Crawford, 1995. Characterization

30. Domsch, K.W., W. Gams and T.H. Anderson, 1980. of Streptomyces lydicus WYEC 108 as a potential
Compendium of Soil Fungi. London: Academic Press. biocontrol agent against fungal root and seed rots.

31. Maany, D.A., Z.M. Kheiralla, A.I. El-Diwany and Appl. Environ. Microbiol., 61(8): 3119-3128.
M.A. Abdel-Hady, 2004. Microbiological and 42. Gomes, R.C., L.T. Semedo, R.M. Soares, L.F. Linhares,
biochemical studies on the mycolytic enzymes of C.S. Alviano and R.R. Coelho, 2000. Chitinolytic
some microorganisms. M.Sc. Thesis submitted to activity of actinomycetes from a cerrado soil and their
Botany Department, Faculty of Girls for Arts, Sci. and potential in biocontrol. Lett. Appl. Microbiol., 30: 146-
Edu., Ain Shams University, Egypt. 150.

32. El-Hadedy, D.E., E.W. El-Gammal and M.M. Saad, 43. Abdallah,  A.,  M.A. Farid, N. A. Abdelwahed and
2014. Alkaline Protease Production with Immobilized A.I. El Shazly, 2013. Purification, characterization and
Cells of Streptomyces flavogriseus (nrc) on Various application of alkaline protease enzyme produced by
Radiated Matrices by Entrapment Technique. Streptomyces rochei NRC24. International Journal of
European Journal of Biotechnology and Bioscience, Development, 2(1): 37-53.
2(3): 5-16. 44. Al-Askar,   A.A.,    Y.M.   Rashad,   E.E.  Hafezc,

33. Tsuchida,  O.Y.,  T.  Yamagata,  T. Ishizuka, J. Arai, W.M. Abdulkhair, Z.A. Baka and K.M. Ghoneem,
M. Yamada, Takeuchi and E. Ichishima, 1986. An 2015. Characterization of alkaline protease produced
alkaline protease of an alkalophilic Bacillus sp., Curr. by Streptomyces griseorubens E44G and its
Microbiol., 14: 7-12. possibility for controlling Rhizoctonia root rot

34. Lowry,  O.H.,  N.I.   Rosebrough,   L.A.   Farr    and disease of corn. Biotechnology & Biotechnological
R.J. Randall, 1951. Protein measurement with the Folin Equipment, 29(3): 457-462.
phenol reagent. J. Biol. Chem., 193: 265-275. 45. Haggag,   W.M.,   A.L.   Kansoh,   M.   Amal  and

35. Scott, A.C., 1989. Laboratory Control of Antimicrobial A.M. Aly, 2006. Proteases from Talaromyces flavus
Therapy, in: J.G. Collee, J.P. Duguid, A.G. Fraser, B.P. and Trichoderma harzianum: Purification,
Marmion (Eds.), Mackie and Mac-Cartney Practical Characterization and Antifungal Activity against
Medical Microbiology, Thirteenth Ed., vol. 2, Brown Spot Disease on Faba Bean. Plant Pathology
Churchill, Livingstone, pp: 161-181. Bulletin, 15: 231-239.

36. Anitha, A. and M. Rabeeth, 2010. Degradation of 46. Tunga, R., B. Shrivastava and R. Banerjee, 2003.
fungal cell walls of phytopathogenic fungi by lytic Purification and characterization of a protease from
enzyme of Streptomyces griseus. African Journal of solids state cultures of Aspergillus parasiticus.
Plant Science, 4(3): 061-066. Process Biochemistry, 38(11): 1553-1558.



World Appl. Sci. J., 33 (5): 831-842, 2015

841

47. Tang,  X.M.,  F.M.  Lakay,  W.  Shen,  W.L.  Shao, 58. Hui, Z., H. Doi, H. Kanouchi, Y. Matsuura, S. Mohri,
H.Y. Fang, B.A. Prior, Z. X. Wang and J. Zhuge, 2004.
Purification and characterization of an alkaline
protease   used    in    tannery   industry  from
Bacillus licheniformis. Biotechnology Letters, 26(18):
1421-1424.

48. Kim, W.J. and S.M. Kim, 2005. Purification and
characterization of Bacillus subtilis JM-3 protease
from anchovy sauce. Journal of Food Biochemistry,
29(5): 591-610.

49. Guangrong, H., Y. Tiejing, H. Po and J. Jiaxing, 2006.
Purification and characterization of a protease from
thermophilic Bacillus strain HS08. African Journal of
Biotechnology, 5(24): 2433-2438.

50. Yossan, S., A. Reungsang and M. Yasuda, 2006.
Purification  and  characterization  of  alkaline
protease from Bacillus megaterium isolated from
Thai fish sauce fermentation process. Science Asia,
32: 377-383.

51. Olajuyigbe, F. M. and A.O. Kolawole, 2011.
Purification and partial characterization of a
thermostable alkaline protease from Bacillus
licheniformis LHSB-05 isolated from hot spring.
African Journal of Biotechnol., 10(55): 11703-11710. 

52. Ait-Lahsen,  H.,  A.  Soler,  M. Rey,  J.  De  La  Cruz,
E. Monte and A. Llobell, 2001. An antifungal exo-
alpha-1,3-glucanase (AGN13.1) from the biocontrol
fungus Trichoderma harzianum. Appl. Environ.
Microbiol., 67(12): 5833-9.

53. Ferracini-Santos, L. and H.H. Sato, 2009. Isolation of
polymers from Saccahromyces cerevisiae cell wall
and evaluation of antioxidant activity of isolated
mannan protein. Quimica Nova, 32(2): 322-326.

54. Chitte, R.R. and S. Dey, 2000. Potent fibrinolytic
enzyme from a thermophilic Streptomyces
megasporus strain   SD5.   Lett.   Appl.  Microbiol.,
31: 405-10.

55. Nadeem, M., J.I. Qazi, Q. Syed and M. Gulsher, 2013.
Purification and characterization of an alkaline
protease from Bacillus licheniformis UV-9 for
detergent formulations. Songklanakarin J. Sci.
Technol., 35(2): 187-195.

56. Copeland, R.A., 2000. Enzymes: a Practical
Introduction to Structure, Mechanism and Data
Analysis.   2     Ed.   Wiley-VCH   Inc. New  York,nd

pp: 238-241.
57. De Azeredo, L.A.I., D.M.G. Freire, R.M.A. Soares,

S.G.F. Leite and R.R.R. Coelho, 2004. Production and
partial characterization of thermophilic proteases from
Streptomyces sp. isolated from Brazilian cerrado soil.
Enzyme and Microbial Technology, 34: 354-358.

Y. Nonomura and T. Oka, 2004. Alkaline serine
protease  produced    by   Streptomyces  sp.
degrades PrPSc. Biochem. Biophys. Res. Commun.,
321: 45-50.

59. Agarwal, D., P. Patidar, T. Banergee and S. Patil, 2004.
Production of alkaline protease by Penicillium sp.
Under SSF conditions and its application to soy
protein hydrolysis. Process Bioc., 39: 977-981.

60. El-Raheem, A., R. El-Shanshoury, M.A. El-Sayed,
R.H. Sammour and W.A. El-Shouny, 1995.
Purification and partial characterization of two
extracellular alkaline proteases from Streptomyces
corchorusii ST36. Can. J. Microbiol., 41: 99-104.

61. Patke, D. and S. Dey, 1998. Proteolytic activity from a
thermophilic Streptomyces megasporus strain SDP4.
Lett. Appl. Microbiol., 26: 171-4.

62. James, P.D.A., M. Iqbal, C. Edwards and P.G.G. Miller,
1991. Extracellular protease activity in antibiotic-
producing Streptomyces thermoviolaceus. Curr.
Microbiol., 22: 377-82.

63. Mane, M., K. Mahadik and C. Chanderakant Kokare,
2013. Purification, Characterization and Applications
of Thermostable alkaline protease from marine
Streptomyces  sp.  D1.  Int.   J.   Pharm.   Bio.  Sci.,
4(1): 572-582.

64. Rai, S.K. and A.K. Mukherjee, 2010. Statistical
optimization of production, purification and industrial
application of a laundry detergent and organic
solvent stable subtilisin-like serine protease
(Alzwiprase) from Bacillus subtilis DM-04. Biochem.
Eng. J., 48: 173-180.

65. Banerjee, R. and B.C. Battacharyya, 1993. Extracellular
alkaline protease of newly isolated. J. Ferment.
Bioeng., 75: 380-382.

66. Fujiwara, N., A. Masui and T. Imanaka, 1993.
Purification and properties of the highly thermostable
alkaline protease from an alkalophilic and
thermophilic Bacillus sp. J. Biotechnol., 30: 245-256.

67. Jaouadi,  B.,  B.  Abdelmalek,  D. Fodil, F.Z. Ferradji,
H. Rekik, N. Zaraî and S. Bejar, 2010. Purification and
characterization of a thermostable keratinolytic serine
alkaline proteinase from Streptomyces sp. strain AB1
with high stability in organic solvents. Bioresource
Technology, 101: 8361-8369.

68. Thumar, J. and S.P. Singh, 2007. Two-step
purification of a highly thermostable alkaline protease
from salt-tolerant alkaliphilic Streptomyces
clavuligerus strain Mit-1. Journal of Chromatography
B, 854: 198-203.



World Appl. Sci. J., 33 (5): 831-842, 2015

842

69. Femi-Ola, T.O. and D.O. Oladokun, 2012. Partial 70. Gupta, A., I. Roy, R.K. Patel, S.P. Singh, S.K. Kahre
purification and characterization of a thermostable and M.N. Gupta, 2005. One-step purification and
alkaline protease from Lactobacillus brevis. characterization of alkaline protease from
Malaysian Journal of Microbiology, 8(1): 1-5. haloalkaliphilic Bacillus species. Journal of

chromatography A. 1075(1-2): 103-108.


