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ABSTRACT 
 
 A local marine streptomycete isolate, identified as Streptomyces albidoflavus using 16SrRNA technique, 
was found to produce alkaline protease when grown on a medium containing casein, peptone and yeast extract. 
The enzyme was purified by ammonium sulphate precipitation (80%w/v) followed by size exclusion 
chromatography through Sephadex G100 column. Purified enzyme exhibited a molecular weight of about 
20kDa as estimated by SDS/PAGE. This enzyme retained its optimum activity after 15 min. incubation at 50oC 
in buffered casein substrate (pH 9). The enzyme showed stability over a pH range from 8 to 11 and thermally 
stable up to 45oC for 120min. The enzyme was found to be a serine type as it had been affected by lower 
concentrations of PMSF (phenyl methyl sulfonyl fluoride). The obtained purified enzyme from S. albidoflavus 
had a Km value of 0.5% casein and an apparent Vmax of 250 g/min tyrosine equivalent.  
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Introduction 
      
        Proteases (EC 3.4.21-24 and 99; peptidyl-peptide hydrolases) are a group of enzymes that catalyze the 
degradation of proteins resulting in the production of their amino acid constituents. They represent one of the 
three largest groups of industrial enzymes and accounted for about 60% of the total worldwide enzyme sales. 
Their dominance in the industrial market expected to increase in the near future (Rao et al., 1998). 
      Proteases exhibited large types of functions and have many important biotechnological applications in 
detergents, leather industry, food industry, pharmaceutical industry as well as in bioremediation process (Anwar 
and Saleemudin, 1998; Gupta et al., 2002). The use of proteases in laundry detergents is considered the more 
dominant application of proteases as they help in removing protein based stains from clothing (Banerjee et al., 
1999). Proteases may also be used in textile industry for removing the stiff and dull gum layer of sericine from 
the raw silk fiber leading to increasing its brightness and softness. Proteases have been also used in the hide-
dehairing process. Alkaline protease showed an interesting application in the decomposition of gelatinous 
coating of X-ray films (Ishikawa et al., 1993), from which silver was recovered. Proteases also, play a 
significant role in pharmaceutical applications in contact lens eye cleaners and enzyme debriders (Anwar and 
Saleemudin, 2000). 
        Actinomycets are considered an important source of enzymes as they showed a unique interest in industrial 
proposes. Majority of them are being pathogenic (Azeredo et al., 2001). They play an important role in 
recycling nutrients and involve in the primary degradation of organic matter in compost and related materials 
(Sykes and Skinner, 1973). Streptomycetes are the most important group of actinomycetes and characterized by 
high guanine + cytosine content of their DNA and they are gram positive bacteria with unusual morphological 
complexity including the production of substrate and aerial mycelia in addition to spores (Chater et al., 1984). 
Streptomyces spp. exhibited a possible production of enzymes, where neutral and alkaline proteases were 
synthesized by them. 
 
Materials and methods 
 
 Microorganism and culture conditions: 
 
 Marine isolate of streptomycetes identified as Streptomyce albidofavus, using 16SrRNA technique, was 
used in this study. Stock cultures were maintained on agar plates containing (g l−1): malt extract, 10; yeast 
extract, 4; glucose, 4 and agar, 15. For alkaline protease production cells from S. albidoflavus with CFU of 
about 9.6×108/ml were cultivated in a growth medium described by Rao and Narasu (2007) containing (g l−1): 
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Glucose, 10.0; Casein, 5.0, Yeast extract, 5.0; KH2PO4, 2.0; K2HPO4, 2.0, MgSO4.7H2O, 1.0. The pH of the 
medium was adjusted to 9.0-9.5. The medium was distributed in 250ml capacity conical flasks each containing 
50ml, then sterilized by autoclaving at 121oC for 15min. The sterilized cooled flasks were inoculating with 10% 
cell suspension.   The culture was grown for 72h in a shaking incubator (170 rpm) at 37oC. At the end of 
fermentation period, the broth was centrifuged at 8,000 rpm  at  4oC for 20 min and the clear supernatant was 
used as the crude enzyme. 
 
Enzymes assay and protein measurment: 
 
      The activity of alkaline protease in the cell-free supernatant was measured by modified method of Takami et 
al. (1989) alkaline protease activity was determined by using casein as a substrate at a concentration of 1% w/v 
in 50mM Glycine-NaOH buffer (pH 9). The assay was carried out routinely in a mixture containing 0.5ml of a 
suitably diluted enzyme solution and 2.5 ml casein solution. After incubation for 1 hour at 30oC, the reaction 
was terminated by the addition of 2.5ml of 0.44M trichloroacetic acid (TCA) solution. After 10min the mixture 
was centrifuged at 8000 rpm for 10min. An aliquot of 0.5ml of supernatant was mixed with 2.5ml of 0.5M 
Na2CO3 and 0.5ml of Folin-Ciocalteu's phenol solution and kept for 30min at room temperature. The optical 
densities of the solutions were determined with respect to sample blanks at 660nm. Protein was tested according 
to Lowry et al. (1951). 
 
Identification of test organism: 
 
Traditional identification: 
 
       The ISP technique (Shirling and Gottlieb, 1966) was applied for the identification of this isolate. The study 
of morphological, cultural and physiological characteristics was therefore carried out in some detail. Spore chain 
morphology followed by spore surface morphology was examined by electron microscope. Diagnosis of the 
species were determined by studying the cultural properties namely aerial color, reverse side pigments, 
melanoid pigments and soluble pigments followed by NaCl tolerance as recommended by Tresner et al. (1968). 
The isolate was identified according to Szabo et al. (1975) and Williams et al. (1989).  
 
16SrDNA technique: 
 
DNA Isolation and Manipulation: 
 
       The locally isolated streptomycete strain was grown for 7 days on a starch-nitrate agar slant at 30°C. 5ml of 
sterilized water was added to each slant and crushed to obtain spore suspension, two ml of spore suspension 
were inoculated into strelized the starch- nitrate broth, distributed in 250ml conical flasks each containing 50ml, 
and incubated for 3 days on a shaker incubator at 200 rpm and 30°C to form a pellet of vegetative cells (pre-
sporulation). The preparation of total genomic DNA was conducted in accordance with the methods described 
by (Sambrook et al., 1989). 
 
 Amplification and Sequencing of the 16s rRNA Gene: 
 
       The universal primers that were used to 16S rDNA sequencing were F27 with the sequence:  5’-
AGAGTTTGATCMTGGCTCAG-3’ (Cheneby et at., 2000; Lagace et al., 2004) and R1492 with the sequence: 
5’-TACGGYTACCTTGTTACGACTT-3’ (Weinbauer et al., 2002). Amplification and sequencing of the 16s 
rRNA Gene had been done according to (Sanger et al. 1977). Blast program (www.ncbi.nlm.nih.gov/blst) was 
used to assess the DNA similarities.  
 
Purification steps of alkaline protease: 
 
         Ammonium sulfate was added to the culture fluid after the removal of the cells to give 80% saturation and 
left in refrigerator overnight. The precipitates formed were collected by centrifugation at 12,000 x g for 20 min, 
dissolved in 50mM sodium phosphate buffer at pH 7.0, and dialyzed against 100 volumes of the same buffer 
with several changes of the same buffer for 24 h. The insoluble materials formed during the dialysis were 
removed by centrifugation. The sample was applied to a Sephadex G-100 column (1.2 by 65 cm) which was 
equilibrated with 50 mM sodium phosphate buffer containing 0.1 M NaCl. Elution was carried out by using the 
same eluent at a flow rate of 20 ml/h, and 1-ml fractions were collected. 
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Enzyme characterization: 
 
        Sodium dodecyl sulfate (SDS)-PAGE was carried out by the method of Laemmli (1970). The stacking gel 
and the resolving gel were 5 and 12% acrylamide, respectively. Proteins were stained with Comassie blue 
staining procedure. Low molecular weight proteins standard kit of a molecular weight ranging from 15,000Da to 
76,000Da was used to estimate the molecular weight of the tested enzyme. The optimum pH was measured by 
incubating the enzyme at 55oC for 15 min. in 0.5% (w/v) casein dissolved in buffers with different pHs, i.e., 4, 
5, 6, 7, 8, 9 and 10. pH stability was measured by incubating the enzyme alone in different buffers with different 
pHs. Temperature optimum was measured by incubating the enzyme with 1% (w/v) casein at pH 5 for 15min at 
different incubation temperatures ranging from 40 to 80oC. The thermal stability was also done by incubating 
the enzyme alone at different temperatures (30-75oC for 60 min). The Km and Vmax were determined at pH 7.0 
and 60°C with 10l of purified alkaline protease in each assay and an increasing substrate concentration of 
casein 0.05 to 0.15%. Data were plotted by the method of Lineweaver-Burk. 
 
 Results: 
 
       By studying the morphological properties of the selected isolate, it was found that the aerial mycelia of 
isolate were related to flexuous/spiral category as examined by light microscope (Fig.1). While the mature spore 
mass was belonging to white series and had smooth surface ornamentation as detected using TEM microscopy 
(Fig.2). Moreover, the cultural properties of the chosen isolate were also studied and it was found that the isolate 
grew well on most of the tested organic and synthetic media. The color of the aerial and substrate mycelia varied 
depending on the type of the medium used. The strain liquefied gelatin and couldn't coagulated skim milk as 
well. It showed positive reaction for nitrate reduction, hydrogen sulfide production and starch hydrolysis. On the 
other hand, it showed negative reaction with melanin formation, chitin, cellulose and pectin hydrolysis. Growth 
occurred in media containing 0 to10% NaCl (w/v), at pH 4.0, 5.0, 7.0, 9.0 and 10.0; and at 10 to 40 oC but no 
growth at 50 oC. This strain utilized glucose, L-arabinose, D-xylose, mannitol, fructose, sucrose, mannose, 
salicin and trehalose but couldn't utilize inisitol, rhamnose and raffinose (Table 1). LL-Diaminopemelic acid 
was contained in cell wall. On the basis of these available characteristics, it was identified as genus 
Streptomyces. 16S rRNA gene sequence analysis has also been done to elucidate the taxonomic situation and 
relationships amongst closely related Streptomyces spp. It was found that the isolate has been enrolled into a 
cluster containing Strepomyces albidoflavus. Using Blast program (www.ncbi.nlm.nih.gov/blst), the isolate was 
highly related to Streptomyces albidoflavus strain TBG-S13A5 exhibiting high similarity (~100 %).. 
 

 
 
Fig. 1: Photograph showing spore chain morphology of marine streptomycete isolate (X1000). 
 
 Ammonium sulphate at a concentration of 80% (w/v) could precipitate alkaline protease from S. 
albidoflavus. The precipitated alkaline protease protein was centrifuged and dialyzed against phosphate buffer 
(0.05M, pH 7) until no ammonium sulphate has been detected outside the dialysis. The dialyzed alkaline 
protease enzyme was then applied to Sephadex G100 column. Two peaks were produced and one only  have 
alkaline protease activity. The maximum UV absorbance at 280nm and alkaline protease activity were observed 
at fraction 15 (each fraction is 5ml) which had an elution volume of about 75ml (Fig. 3).  Table (2) illustrated 
the activity, protein, specific activity and yield of alkaline protease enzyme through the different purification 
steps. 
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Fig. 2: Transmittance electron micrograph (TEM) of spores of marine streptomycete.  
 
Table 1: Characteristics of Streptomyces sp. 

Characteristics Results 
Spore chain 
Spore surface 
Aerial spore-mass color 
Soluble pigment 
 
Growth on agar medium: Yeast extract-Malt extract, tyrosine, oatmeal, asparagine and 
inorganic salt-starch 
 
Growth at 10oC to 40oC  
Growth at 50oC  
Growth at pH 4 to 10  
Growth in 0 to 10% NaCl 
Decomposition of  chitin and cellulose 
Decomposition of gelatin and starch  
Coagulation of skim milk 
Production of hydrogen sulphide  
Melanin production 
Reduction of nitrate  
 
Utilization of D-xylose, fructose, glucose, L-arabinose, mannitol, salicin, trehalose and 
sucrose 
 
Utilization of raffinose, rhamnose and inisitol    
Cell wall peptidoglycan  

Flexuous/spiral 
Smooth 
White-yellow 
Light brown 
 
 
Positive 
 
Positive 
Negative 
Positive 
Positive 
Negative 
Positive 
Negative 
Positive 
Negative 
Positive 
 
 
Positive 
 
Negative 
LL-diaminopimelic acid 
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Fig. 3: Gel filtration chromatography of alkaline protease from S. albidoflavus on Sephadex G100 column. The 

linear flow rate is 150 ml/h. The dotteted line represents the alkaline protease activity in U/ml. 
Table 2: Alkaline protease activity, protein, specific activity and yield after each purification step. 
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Purification step 
 

Activity 
(U/ml) 

Total activity 
(U) 

Total 
protein(mg) 

Specific activity 
(U/mg protein)

Yield 
(%) 

Purification 
(fold) 

 
Culture filtrate 

 
Ammonium sulphate 

(80%) 
 

Sephadex G100 
 

 
130.33 

 
1424.11 

 
 

507.5 

 
65155.67 

 
42723.30 

 
 

25385.00 

 
2264.00 

 
1120.00 

 
 

141.38 
 

 
28.78 

 
38.15 

 
 

179.48 

 
100.00 

 
65.56 

 
 

38.94 

 
1.00 

 
1.33 

 
 

6.24 

 
 Proteins from the different purification steps and the culture filtrate were applied to SDS/PAGE gel 
electrophoresis, respectively, to check both the purity and the estimated molecular weight of the partially 
purified alkaline protease. The molecular weight of this enzyme is about 20kDa as estimated by SDS/PAGE 
eletrophoresis (Fig. 4). Fig. 5 showed that the purified alkaline protease from S. albidoflavus had an optimum 
pH of 9.0 instead of 10.0 as in the standard method used. The purified enzyme has no enzyme activity at pH 4.0 
and then a gradually increases from pH 5.0 to 8.0 with maximum activity at pH 9.0 then decreased gradually up 
to pH 13.0 to be 31.88%. The enzyme showed stability from pH 8.0 (86.22%) to pH 11.0 (84.90%) with about 
78 and 46% loss in activity at pH 6 .0 and 7.0 respectively. On the other hand, about 70% of the enzyme activity 
had been also lost pH at 12. The enzyme was totally inactivated at pHs 4, 5 and 13 (Fig. 5). Alkaline protease 
from S. albidoflavus exhibited an optimum temperature at 50oC (Fig. 6). The enzyme activity increased 
gradually at temperatures from 30 to 50oC and be maximum at 50oC (55.12, 98.57 and 100% for temperatures 
30, 40 and 50oC, respectively). Moreover, the enzyme activity decreased gradually with increasing the 
incubation temperatures over 50oC (66.35 and 35.32% for temperatures 60 and 70oC, respectively). It was also 
found that the partially purified alkaline protease enzyme was thermally stable up to 40oC and then showed 
about 43 % decrease at 50oC. At 60 and 70oC the enzyme lost 63 and 75 of its activity (Fig. 6). The effect of 
urea on alkaline protease activity was investigated. It was found that urea had approximately no effect at 
concentration of 0.5 (99.32%). A moderate effect of urea has been found with a concentration of 1M (66.84%). 
An appreciable effect (not very high effect) of urea on alkaline protease activity was found with the previous 
concentrations (54.52 39.1, 30.34 and 20.61% for 2, 3, 4 and 5M, respectively). Urea in a concentration of 0-5M 
did not totally inhibit alkaline protease activity of S. albidoflavus (Fig. 7). PMSF when used at the 
concentrations (0.0-1mM), a gradual decrease in the activity has been investigated up to 0.9mM and no activity 
detected at 1mM (Fig. 8). Purified alkaline protease from S. albidoflavus exhibited a Km value of 0.5% of casein. 
The enzyme also showed a Vmax value of 250g tryrosine equivalent per minute.   Figure 9 represents Line 
Weaver-Burk plot of the reciprocals of the initial velocities of alkaline protease from S. albidoflavus and casein 
concentration. 
 

 
 
Fig. 4: SDS-PAGE electrophoresis of purified alkaline protease from S. albidoflavus. Lane 1: Low molecular 

weight protein kit and lane 2: purified enzyme 
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Fig. 5: Determination of the optimum pH and pH stability on the activity of partially purified alkaline protease 

from S. albidoflavus. 
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Fig. 6: Determination of the optimum incubation temperature and thermal stability of partially purified alkaline 

protease from S. albidoflavus. 
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Fig. 7: Effect of different concentrations of urea on partially purified alkaline protease from S. albidoflavus. 
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Fig. 8: Effect of different concentrations of PMSF on partially purified alkaline protease from S. albidoflavus. 
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Fig. 9: Line Weaver-Burk plot of the reciprocals of the initial velocities of alkaline protease from S. 

albidoflavus  and casein concentrations.  
 
Discussion: 
 
          The isolate under investigation was subjected to traditional and molecular identification using 16SrDNA 
techniques. The most potent trends to taxonomy are through the study of nucleic acids. Because these are either 
direct gene products or the genes themselves and comparisons of nucleic aids yield considerable information 
about true relatedness. Significance of phylogenetic studies based on 16S rDNA sequences is increasing in the 
systematic of bacteria and actinomycetes (Yokota, 1997). Sequences of 16S ribosomal DNA have provided 
actinomycetologists with a phylogenetic tree that allows the investigation of evolution of actinomycetes and also 
provides the basis for identification. 
        Analysis of the 16S rDNA begins by isolating DNA (Hapwood, 1985) and amplifying the gene coding for 
16S rRNA using the polymerase chain reaction (Cleave et al., 1993). The purified DNA fragments are directly 
sequenced. The sequencing reactions are performed using DNA sequencer in order to determine the order in 
which the bases are arranged within the length of sample (Kuo and Chak, 1996). Then used for studying the 
sequence for identification using phylogenetic analysis procedures. However, analysis of 16S rDNA generally 
allows us to identify the organisms up to the genus level only. This study in support of chemotaxonomical 
studies insured that the selected isolate was closely related to Streptomyces albidoflavus TBG-S13A5 
  Alkaline protease produced by S. albidoflavus was purified using ammonium sulphate precipitation 
(80%w/v) followed by gel filtration using Sephadex G100. The enzyme was purified 6.24 fold with a yield of 
about 39%. Several attempts had been done to purify alkaline proteases from different microbes. Brossollier et 
al. (1999) purified alkaline protease from S. albidoflavus using concentration followed by ion exchange 
chromatography, whereas Yossan et al. (2006)  purified alkaline protease from Bacillus megaterium using 
hydrophpbic interaction followed by gel filtration up to 148-fold. In addition, alkaline protease from Bacillus sp. 
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2-5 was purified using ammonium sulphate followed by ion exchange chromatography and the enzyme was 
purified up to 50 fold and having a yield of 24% (Falahatpishe et al., 2007).  Essawy (2007) used ammonium 
sulphate alone in the purification of alkaline protease from Streptomyces albus but alkaline protease from 
Streptomyces fungicidicus was purified up to 4.5-fold (Ramesh et al., 2009). Moreover, alkaline protease from 
Paenibacillus tezpurensis was purified up to 1.7-fold using ice-cold acetone fractionation followed by gel 
filtration on Sephacryl S-300 (Rai et al., 2010). 
  According to this purification sequence, the enzyme purity was analyzed by SDS/PAGE and it was found 
that this enzyme showed a molecular weight of approximately 20kDa compared with LMW (low molecular 
weight) protein kit. The molecular weights of alkaline proteases generally range from 15 to 30 kDa (Kumar and 
Takagi, 1999) with few reports of higher molecular weights (32.0 kDa, 33.5 kDa and 36.0 kDa (Huang et al., 
2003; Rahman et al., 1994; Durham et al., 1987), respectively. It was also found that the molecular weights of 
alkaline protease differed with the microorganisms used. It was 18kDa for S. albidoflavus (Brossollier et al., 
1999), 27 kDa for Bacilus megaterium (Yossan et al., 2006), 34kDa for Paenibacillus tezpurensis (Rai et al., 
2010), .etc.  
 Some biochemical properties of alkaline protease enzyme produced by S. albidoflavus have been 
investigated using broad pH range from pH4 to pH 13 using different buffers. Alkaline protease enzyme from S. 
albidoflavus exhibited an optimum pH of 9 and this result was similar to that deduced from several 
Streptomyces strains (Hames-Kocabas and Uzel, 2007; Vishalakshi et al., 2009; Ramesh et al., 2009). The 
enzyme was stable over a pH range from 8 to 11 and this result is somewhat near to that investigated by 
(Ramesh et al., 2009) while,  alkaline protease from Bacillus licheniformis isolated from traditionally fermented 
African locust bean (Parkia biglobosa) exhibited pH stability stable over a wide pH range of 5.0–11.0 
(Olajuyigbe and Ajele, 2011). 
 The temperature profile for this enzyme was also studied. The enzyme showed an optimum temperature 
range from 40 to 50oC with maximal activity at 50oC. These findings were comparable to that described by 
Yossan et al. (2006), Rai et al. (2010) and Vazquez et al. (2008), or to some extent lower than that found by 
Yossan et al. (2006) and Essawy (2007). The thermal stability of this enzyme was also investigated from room 
temperature to 80oC and it was found that the enzyme conserved most of its activity up to 40oC. However, 
incubation of the enzyme for 2h at temperatures over 50oC inactivated it. These observations were equivalent to 
that had been found by Vazquez et al. (2008). Alkaline proteases are completely inhibited by 
phenylmethylsulfonyl fluoride (PMSF) as is an essential serine residue inhibitor, resulting in the complete loss 
of activity. This inhibition profile classifies these proteases as serine hydrolases. In addition, some of the 
alkaline proteases were found to be metal ion dependent in view of their sensitivity to metal chelating agents 
such as EDTA. 
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