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Abstract
The need of extremophile enzymes is increased. Such enzymes had found their utility in bio-industries such as 
leather, food, animal feed, textiles, and in bioconversions and bioremediation. Screening of microorganisms 
producing enzymes from different areas of soil led to the isolation of 38 isolates, the isolates were plate-screened 
for their ability to produce extracellular enzymes. The promising strains were selected and screened for their 
enzyme thermostability and screened quantitatively for potential industrial and therapeutic applications. Tolerance 
of selected microorganisms was investigated to a varied range of pH, salinity, and enzyme activity over a range of 
temperature. The genotypic identification of 16S rDNA sequence of the promising strains revealed that our strains 
were Streptomyces mutabilis, Streptomyces ghanaensis, Streptomyces rochei and Enterobacter cloacae. The 
isolated microorganisms quantified as an effective producer of industrially important enzymes amylase, cellulase, 
esterase, casienase and therapeutic enzyme L-asparaginase. All enzymes produced from the four isolates show 
enzyme activity and stability at different high temperature (60 °C, 80 °C, 100 °C). The amylase shows optimum 
activity at 37 °C, while the other four enzymes show optimum activity at different high temperature (60 °C, 80 

°C). The study shows that Streptomyces mutabilis produce acidophilic enzyme amylase, Streptomyces ghanaensis 
produce acidophilic enzyme cellulase and neutrophilic enzyme esterase, Enterobacter cloacae and Streptomyces 
rochei produce alkalophilic enzymes (L-asparaginase, caseinase) respectively. Enzymes show highest enzyme activity 
at high NaCl concentration (5 and 7.5%).
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INTRODUCTION
 Enzymes are defined as biocatalyst 
proteins in nature, which are produced by living 
cells to achieve specific biochemical reactions 
or forming parts of the metabolic processes of 
the cell. Enzymes are very specific in action on 
their substrates 1. The role of enzymes had been 
known in many processes. The presence of these 
enzymes was associated with the ancient Greek 
history where enzymes were used from different 
microorganisms in baking, alcohol production, 
brewing, cheese making, pulp, detergents, textiles, 
paper, leather, pharmaceuticals, beverages, 
chemicals, biofuels, personal care, animal feed and 
other 2. With better knowledge and purification 
of enzymes, there is an increase in number of 
applications, also the availability of thermostable 
enzymes, aids in having a number of new 
possibilities for industrial processes have emerged 

3.
 The main source of the commercially 
available enzymes are microorganisms, plants, 
and animals. The microorganisms are the major 
fraction of the commercially available enzyme 
producers. There is increasing need day by day 
for microbial enzymes due to their clean, cost-
effective, and eco-friendly application, in addition 
to their significance in many biotechnological 
processes, rapid growth rate, and ease of 
nutritional requirement 4,5.
 Finding extremophile microorganisms is 
one of the methods for obtaining enzymes with 
suitable properties for industrial applications. 
There are a few advantages in using thermostable 
enzymes in industrial processes compared to 
thermo-labile enzymes 2. The main advantage is 
that as there is an increase in temperature of the 
process, the rate of reaction increases. A 10oC 
increase in temperature approximately doubles 
the reaction rate, which leads to decrease in the 
amount of enzyme needed 6. The thermostable 
enzymes have tolerance to higher temperatures, 
which give a longer half-life to the enzyme. 
Using higher temperatures (above 60oC) is 
also inhibitory to microbial growth, decreasing 
the probability of microbial contamination 
7,8. The high-temperature enzymes also, help 
in reduction of the substrate viscosity during 
the progress of hydrolysis of substrates or raw 
materials and enhancing the mass-transfer in 

industrial processes 9. For example; The industrial 
processes for cellulolytic enzymes are employed 
in the detergents causing color brightening and 
softening, bio stoning of jeans, the color extraction 
from juices, pretreatment of biomass containing 
cellulose to improve the nutritional quality of 
forage, and pretreatment of industrial wastes 5.
 However, in many cases, the substrates 
are artificial compounds in industrial processes, 
and enzymes, which catalyze suitable reactions for 
such processes, are still unknown. So, screening 
for novel enzymes capable of catalyzing new 
reactions is needed. In addition, the new enzyme 
discovery will provide evidence for designing new 
enzymatic processes. Screening a large number 
of microorganisms is one of the most successful 
and efficient means of finding new enzymes, 
because of their characteristic versatility and 
diversity. Such enzymes are useful catalysts for 
the synthesis of many biologically and chemically 
useful compounds 10.
 The objective of our study was to overview 
the enzymes produced by microorganisms, which 
had been extensively studied worldwide for their 
isolation and characterization of their specific 
properties. This required screening of various 
microbes from different sources for isolation 
of potential enzymes with novel properties of 
thermophilicity, thermostability, and resistant to 
different factors (pH, salinity).

MATERIAL AND METHODS
Sample Collection
 Soil samples were collected in sterilized 
bags from the depth of 40cm from different 
sites; Garden, farms, and muddy soil in Beni-Suef 
governorate in Egypt.
Chemicals
 Nessler’s reagent, Tyrosin 99%, Carboxy 
Methyl Cellulose (CMC), phenol red and foline 
phenol reagent were purchased from Sigma 
Aldrich, USA. All culture media and supplements 
(Tryptone Soya Broth (TSB), peptone, yeast) 
obtained from Oxoid, UK. All other chemicals are 
of analytical grade.
Isolation of bacteria
 One gm of soil was emulsified in 10 ml of 
sterile saline, vortexed well for 5 minutes.  
 All the samples were tenfold serially 
diluted in sterile saline. Serial dilutions were 
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done up to 10-6 in ordered to get pure colonies 
11. All the diluted samples were cultured on two 
plates of different culture media, inorganic salts 
starch agar (ISP4) media supplemented with 
cycloheximide (100µg/ml) and colistin (5µg/
ml) for Actinomycetes; and tryptone soya agar 
supplemented with cycloheximide (30µg/ml) and 
penicillin (100µg/ml) for Eubacteria.
 Morphologically different colonies were 
selected. To obtain a pure culture, repetitive 
streaking was done. Pure cultures were isolated 
and preserved in glycerol stock cultures at -20ºC 
until further use.
Primary Screening of Enzymes Producing strains 
 For primary screening of different 
enzymes, each isolate was cultured in minerals 
salt media amended with different substrates 
as a sole carbon source. Indeed, to screen for 
caseinase, skimmed milk was used as the carbon 
source while for esterase, amylase, cellulase 
L-asparaginase; tween 80, starch, CMC and 
L-asparagine were used, respectively. Mineral salt 
medium contains (0.025 g/L KNO3, 0.1 g/L KH2PO4, 
0.05 g/L MgSO4.7H2O, 0.01 g/L CaCl2.2H2O, 0.005 
g/L FeSO4.7H2O, 15g/L Agar). The plates were 
incubated at 30oC for 5 days for Actinomycetes, and 
at 37oC for 24 hours for Eubacteria 12. A growth of 
visible colonies indicated a probability of enzyme 
production.
Qualitative screening enzyme producing strains
 All growing bacterial strains will be 
confirmed for enzyme production qualitatively 
with a method specified for each enzyme.
Amylase activity
 Only positive colonies on starch plate in 
primary screening were selected and screened for 
amylase activity. Starch agar medium was used for 
isolation of starch-degrading bacteria. Medium 
composition was as follows: soluble starch (20 
g/L), peptone (20 g/L), agar (20 g/L), and adjusted 
to pH 7.0. The plates were incubated at 30oC for 
5 days for Actinomycetes, at 37oC for 24 hours for 
Eubacteria, and then plates were flooded with 1% 
Lugol’s iodine reagent for 20 minutes and washed 
with water to remove the excess color. The zone of 
clearance indicated starch hydrolysis was selected 
as positive results. 1,13,14

Cellulase Activity 
 Visible colonies grown on CMC plate 
in primary screening were screened by Spot 

plate method using CMC agar media consisting 
of yeast extract (0.2% w/v), peptone (2% w/v), 
KH2PO4 (0.1%w/v), Mg2SO4.7H2O (0.5%w/v), NaCl 
(0.075%w/v), carboxymethycellulose (0.2%w/v) 
and nutrient agar (1.5% w/v) (pH 6.8-7) 15. The 
plates were incubated at 30oC for 5 days for 
Actinomycetes and at 37oC for 24 hours for 
Eubacteria. To visualize the positive cellulose 
hydrolysis zone, the plates were flooded with an 
aqueous solution of 0.1% Congo red for 15 minutes 
and washed with 1M NaCl 5,16. Appearance of clear 
zones against dark brown around the colonies 
indicating cellulose hydrolysis. 
L-asparaginase Activity
 Growing colonies on the plate of 
L-asparaginase in primary screening were screened 
for L-asparaginase activity by rapid plate assay 
method using the modified Czapek Dox medium. 
Medium contain: 6 g/L Na2HPO4; 2 g/L  KH2PO4; 5 
g/L NaCl; 20 g/L L-asparagine; 2 g/L glycerol; 0.2 
g/L MgSO4-7H2O; 0.005 g/L CaCl2.2H2O; 0.009% 
phenol red; 20g/L agar, pH 7. 17. The plates were 
incubated at 30oC for 5 days for Actinomycetes and 
at 37oC for 24 hours for Eubacteria. A set of plates 
were also run as a control without L-asparagine. 
The pink zone around the colony indicates that the 
organism is able to produce L-asparaginase. 18,19.
Esterase Activity
 Esterase activity was done according to 
Ramnath method. Tween substrate plates were 
prepared as follows (g/L); 10 g/L peptone, 5 g/L 
NaCl, 0.1 g/L CaCl2·2H2O, 20 g/L agar and 10 ml/L 
(v/v) Tween 80. The plates were incubated for 5 
days at 30oC for Actinomycetes strains and for 24 
hours at 37oC for Eubacteria strains. The hydrolysis 
of tween result in release of free fatty acids, which 
bind with the calcium in the medium to form 
insoluble crystals around the point of inoculation 
and opaque colony appeared 20.
Caseinase Activity
 Colonies grown on skimmed milk plate 
in primary screening were screened for protease 
activity. The proteolytic activity of the colonies was 
screened on skimmed milk agar containing 1.5% 
(w/v) skimmed milk. The plates were incubated at 
30oC for 5 days for Actinomycetes and at 37oC for 
24 hours for Eubacteria. Colonies showing a clear 
zone of skimmed milk hydrolysis were recorded as 
positive for protease production. 21.
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Screening of the Enzymes Stability at different 
temperatures
 The promising isolates (based on 
qualitative assay test) were cultured in the 
production media of each enzyme (described 
below). The organisms were harvested from the 
culture broth by centrifugation at 10.000 rpm 
for 25 minutes at 4oC and the supernatants were 
used as sources of extracellular enzymes. Thermal 
stability of the enzymes was investigated by 
incubating the bacterial free supernatant at varied 
temperatures (60°C -80oC- 100°C) for 1 hour prior 
to standard quantitative enzyme assay.
Quantitative Assay of enzymes 
 The remarkable enzyme producer strains 
with a good thermal stability had been selected for 
quantitative assay.
For Amylase
 Bacterial isolates were cultured in 100 
ml volumes in 250 ml Erlenmeyer flasks using a 
mineral salts medium supplemented with 10.0 
g/L soluble starch, pH of the medium was adjusted 
to 7.0 ±0.2. The cultures were incubated with 
shaking at 150 rpm/min. for 5 days at 30oC for 
Actinomycetes and at 37oC for 24 hr for Eubacteria. 
The organisms were harvested from the culture 
broth by centrifugation at 10.000 rpm for 25 
minutes at 4oC and the supernatants were used 
as sources of extracellular amylases 12.
 Amylase assay was done as described 
by Bernfeld with some modifications 22. Briefly; 
0.5 ml of 1% starch solution prepared in 0.1 M 
phosphate buffer (pH 7.2) was added to 0.5 ml 
of crude enzyme and incubated for 30 min. at 
37°C. The reaction was stopped by adding 1 ml 
of dinitrosalicysilic acid (DNS) reagent and kept 
on boiling water bath for 5 min. The absorbance 
was measured at 540 nm against a blank without 
enzyme. One unit of enzyme activity is defined 
as the amount of enzyme that liberated one 
micromole of reducing sugar (glucose) per min. 
under assay conditions.
For Cellulase 
 Each isolate were inoculated in a conical 
flask containing 50 ml of CMC broth (0.2 g NaNO3, 
0.12 g K2HPO4,0.01 g KH2PO4  0.05 g KCl, 0.05 g 
MgSO4.7H2O, 0.02 g yeast extract, 0.01 g Fe(So4)3. 
H2O, 1 g CMC in 100 ml of distilled water). After 5 
days for Actinomycetes, 24 hours for Eubacteria, 
10 ml of each culture broth was withdrawn, 

centrifuged at 10.000 rpm for 20 min. at 4°C. The 
supernatant was utilized for the determination of 
enzyme activities by the DNS (3,5-dinitrosalicylic 
acid) method 23. Briefly, through the determination 
of the amount of reducing sugars liberated from 
carboxymethylcellulose (CMC) solubilized in 50 
mM Tris HCl buffer, pH 7. the mixture of enzyme 
and substrate was incubated for 20 min. at 37 °C. 
and the reaction was stopped by the addition of 
DNS solution. The treated samples were boiled 
for 10 min., cooled in water for color stabilization, 
and the optical density was measured at 550 nm. 
The cellulase activity was determined by using a 
calibration curve for glucose. One unit of enzyme 
activity was defined as the amount of enzyme that 
released 1 micromole of glucose per minute 24.
For L asparaginase 
 Fo r  q u a nt i tat i ve  e st i m at i o n  o f 
L-asparaginase, the modified Czapek Dox broth 
(mentioned before)17 was used as the production 
medium. The samples were withdrawn after 5 
days for actin and 24 hours for Eubacteria. Enzyme 
activity was checked by Nesseler’s method.
The amount of enzyme that liberates 1 µmol of 
ammonia per minute at 37°C equal to one unit of 
L-asparaginase 25.
For esterase
 Production of esterase was carried out 
in PYD broth medium containing 5 g/L peptone; 
3 g/L beef extract; 5 g/L sodium chloride; 5 g/L 
yeast extract,1 g/L Dextrose and 10 ml/L olive 
oil 26. A titrimetric method used for qualitative 
determination of Esterase enzyme. Indeed, 1% 
substrate (olive oil) is titrated against 10mM NaOH. 
Using the following formula Esterase activity can 
be calculated.

Esterase activity = Volume of NaOH consumed (ml) * Molarity of NaOH

    The volume of enzyme (ml) * Reaction time (min.)

 One unit of esterase activity is the amount 
of enzyme that liberates 1 mmol of fatty acid per 
minute at 30°C at pH 7 under the assay conditions 
28. 

For caseinase 
 Protease was produced in an optimized 
production medium of pH 8.0 containing 1% 
galactose, 0.5% casein, 0.55% peptone, 0.2% 
KH2PO4, 1%Na2CO3and 0.2% MgSO4·7H2O 29. 
Protease activity was measured by using casein 
as a substrate. The assay consists of 0.5 ml of 1% 
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aqueous casein solution, 1.25 ml tris buffer (pH 
7.2), and 0.25 ml supernatant of bacteria. Negative 
control was done by adding all reagents without 
bacterial supernatant. The reaction was incubated 
at 30oC for 30 min. 3 ml of 5% Trichloro Acetic acid 
(TCA) was added and placed at 4oC for 10 min. to 
precipitate. Centrifuge at 10.000 rpm for 15 min. 
0.5 ml of the supernatant was taken and 2.5 ml 
of 0.5M sodium carbonate was added, mixed well 
and incubated at room temperature for 20 min. 
Then 0.5 ml of folin phenol reagent was added 
and the absorbance was read at 660 nm using 
spectrophotometer 30.
 One unit of protease activity is equal 
to the amount of enzyme required to liberate 1 
microgram tyrosine per milliliter in 1 min. under 
the experimental conditions used 30.
Units/mL enzyme = micromole tyrosine equivalents 
released × total volume of assay) ÷ (Volume of 
enzyme used × time of assay × volume used in 
colorimetric determination
Optimization of temperature, pH and salinity for 
the enzyme activity
 Optimal conditions for enzyme activity 
were measured at different parameters.
a) Temperature
 Effect of temperature on enzyme activity 
was examined by performing the enzymatic 
reaction at different temperatures ranging at 37°C, 
60°C and 100°C under standard assay condition.
b) pH
 Effect of pH on enzyme activity was 
investigated by testing the enzyme assay at 
different pH ranging from 5 to 9 by using the 
following buffer systems: 0.1 M sodium acetate 
(pH 4-5.5); 0.1 M sodium phosphate (pH 6-7.5); 
0.1 M glycine NaOH (pH 9.5-12) under standard 
assay condition 22.
c) Salinity 
Effect of Salinity on enzyme activity was studied 

by measuring enzyme activity at different NaCl 
concentration (0%, 5%, 7.5%) under standard 
assay condition   
16S rDNA and phylogenetic analysis
 Genomic DNA extraction was done 
using GeneJET Plant Genomic DNA Purification 
Kit for Actinomycetes and GeneJET Genomic 
DNA Purification Kit (Thermo Fisher Scientific, 
USA) for Eubacteria. PCR was run to amplify 
16S rDNA gene (Thermo Fisher Scientific, USA) 
with the following set of bacterial primers 8 F 
(5-AGAGTTTGATCCTGGCTCAG-3) and 1492 R 
(5-CGGTTACCTTGTTACGACTT-3). Amplification 
was carried out in a 50 µl reaction volume. The 
thermal cycle steps were applied as follows: initial 
denaturation at 95 oC for 5 min, followed by 35 
cycles of 1 min. denaturation at 95 oC, 1 min. 
primer annealing at 48 oC, 1.5 min. extension at 
72 oC and a final 10 min. extension at 72oC. PCR 
product was purified and sequenced at Macrogen, 
Korea.
 Nucleotide sequences were blast analyzed 
with NCBI database 31. Phylogenetic tree was 
constructed using the neighbor joining method 
32 with bootstrap method as a test of phylogeny 
with 500 bootstrap replication 33 and Kimura 2- 
parameter model 34 in the Molecular Evolution 
Genetic Analysis (MEGA) software version 6 35.
Statistical Analysis 
 Results shown in this study are the means 
of three independent determinations. Standard 
deviations for each of the experimental results 
were calculated using Microsoft Excel software 
and represented as error bars.

RESULTS 
Sample Collection and Pretreatment
 From 10 soil samples, a total 38 strains 
were isolated. Based on the morphological and 
biochemical characteristics, the isolates were 

Table 1. Primary enzymatic screening of different extracellular enzymes produced from 
different Actinomycetes and Eubacteria isolates.

 Total Caseinase Amylase Esterase Cellulase L-asparaginase

Actinomycetes	 26 8 5 17 12 8
Eubacteria 12 9 6 11 9 4

Total 38 17 11 28 21 12
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Table 2. Distribution of enzyme producing microorganisms isolated from soil

 Strains Caseinase Esterase Amylase Cellulase L-asparginase

Actinomycetes 1 - + - - +
 2 + - - + -
 3 - + - - +
 4 - + - - -
 5 - - - - +
 6 - + - - -
 7 - + - + -
 8 + - - + -
 9 - - + - -
 10 - + - - -
 11 - - + - +
 12 - + - + -
 13 + - - - -
 14 + - + + -
 15 - + - - +
 16 - + - + -
Eubacteria 17 + + - - -
 18 + + - - +
 19 + + - - -
 20 - + + + -
 21 - + + + -
 22 + - - - +
 23 + - + - +
 24 - + - + -
 25 - + - + +
 26 - + + - -
 27 + - - + -
 28 + + - + -
Actinomycetes 29 - + - - +
 30 + - - + -
 31 - + - - +
 32 - - + + -
 33 - + - - +
 34 - + - - -
 35 + - + + -
 36 - + - - -
 37 + - - - -
 38 - + - + -

 Total  14 24 9 16 12

identified as 26 Actinomycetes and 12 Eubacteria.
Primary screening of each enzyme producing 
strain
 Bacteria grown in primary screening on 
plates containing the enzyme substrate as the 
only carbon source indicate probable positive 
production of the enzyme.
 Among the 38 bacterial isolates, 17 
isolates showed a caseinase activity, 11 isolates 
showed amylase activity, 28 isolates showed 

esterase activity, 17 isolates showed cellulase 
activity and 12 isolates identified as L- asparaginase 
producers as shown in table 1.
Qualitative screening 
 The probable positive strains from primary 
screening were confirmed for the production of 
enzymes using specified media. It was found that 
the strains with positive qualitative screening for 
caseinase enzyme were 14, for amylase activity 
were 9, for esterase activity were 24, for cellulase 
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activity were 16, and for L-asparaginase were 12 
as shown in table 2 and Fig. 1.
 Among the obtained isolates, based on 
the area of the zone around the colony (bigger 
zone indicates more enzyme production) and the 
thermal stability (Fig. 4). Four strains were selected 
for further investigation as shown in Fig. 2. 
Genotypic characteristics of the isolates and the 
phylogenetic tree
 Based on 16S rDNA sequence analysis 
strain No. 14 was most closely related to 
Streptomyces	mutabilis with similarity of 97%, 

strain No. 16 was related to Streptomyces	
ghanaensis with similarity of 86%, strain No. 18 
was closely related to Enterobacter	cloacae with 
similarity of 97% and strain No. 13 was closely 
related to Streptomyces	rochei with similarity of 
97%.
 Two phylogenetic trees were constructed 
by NCBI database; using 16S rDNA sequences 
of strain no. 14, 16, 13 each compared with 5 
different Streptomyces species, and other for 16S 
rDNA sequences of strain No. 18 compared with 
5 different eubacteria.

Fig. 1. Distribution of enzyme producing strains isolated from soil samples based on confirmatory qualitative 
assay test.

Fig. 2. Qualitative screening of different enzymes in different isolates 
(a: skimmed milk agar indicates a clear zone around the colony for caseinase producing microorganisms, b: Tween substrate plates 
showed insoluble crystals around the colony and opaque colony indicate esterase positive strains, c: starch plate indicate clear 
zone against dark blue on the plate for positive amylase strains, d: CMC Agar plates show clear zones against dark brown around 
the colonies indicating cellulose hydrolysis, e: Czapek Dox show pink coloration for cultures indicate positive production of L- 
asparaginase with blank (yellow in color). Arrows and numbers show the isolates with largest enzyme activity and their numbers.



  www.microbiologyjournal.org1694

Temsaah et al. J Pure Appl Microbiol, 12(4), 1687-1702 Dec. 2018 | http://dx.doi.org/10.22207/JPAM.12.4.02

Journal of Pure and Applied Microbiology

Fig. 3. Phylogenetic tree based on 16S rDNA sequence using neighbor joining tree method, bootstrap method as 
a test of phylogeny with 500 bootstrap replications and Kimura 2- parameter model in the Molecular Evolution 
Genetic Analysis (MEGA) software version 6
 a) phylogenetic tree of isolate no.16 with maximum sequence difference=0.05
 b) phylogenetic tree of isolate No. 13 with maximum sequence difference=0.005
 c) phylogenetic tree of isolate No. 14 with maximum sequence difference=0.005
 d) phylogenetic tree of isolate No. 18 with maximum sequence difference=0.005



  www.microbiologyjournal.org1695Journal of Pure and Applied Microbiology

Temsaah et al. J Pure Appl Microbiol, 12(4), 1687-1702 Dec. 2018 | http://dx.doi.org/10.22207/JPAM.12.4.02

 Sequences were analyzed using neighbor-
joining method 36. Phylogeny relationship of closely 
related microorganisms is shown in Fig. 3.
Screening of the enzymes stability at different 
temperatures
 The stability of enzymes of selected 
strains at various temperatures (60°C, 80°C, 100°C) 
were shown in Fig. 4.

 After exposure to different temperatures 
(60oC, 80oC, 100oC), all 5 enzymes still show a good 
activity, for amylase; the activity was (1.5, 1.2, 
0.5 U/ml/min), for cellulase; (3.8, 3.1, 2.5 U/ml/
min), for L-asparaginase (4.2, 3.8, 2.3 U/ml/min), 
for esterase; (30.5, 25.3, 18.3 U/ml/min), and for 
caseinase (63, 50, 39.3 U/ml/min) respectively.
Quantitative determination of enzyme activity
 The four bacterial isolates were grown 
in specified liquid broth and the concentrations 
of enzyme production were determined in 
the cell-free supernatant. The enzyme activity 
under normal quantitative assay conditions for 
amylase from	 Streptomyces	mutabilis was (1.96 
U/ml/min), for cellulase from	 Streptomyces	
ghanaensis was (6.1U/ml/min), for L-asparaginase 
from Enterobacter	 cloacae was (5U/ml/min), 
for esterase from	 Streptomyces	 ghanaensis 
was (38.46U/ml/min), and for caseinase from 
Streptomyces	rochei was (73.33U/ml/min).
Optimum condition for enzyme activity at different 
(temperature, pH, salinity, and normality) 
Amylase from Streptomyces mutabilis
 Temperature, NaCl, and pH have a 
profound effect on enzymatic activity. The 
fermented extract exhibited optimum temperature 
for amylase activity (4.96U/ml/min) at 100oC, while 
the activity was (3.03U/ml/min) at 60oC under 
normal assay conditions.
 Maximum enzyme activity was observed 
at pH 5 (3.96U/ml/min), and the use of more 
alkaline buffer resulted in a sharp decline of 
enzyme activity.

Fig. 4. The stability profile of various enzymes produced 
from different isolates at various temperatures (normal 
assay condition, 60°C, 80°C, and 100°C). (a) For amylase 
(Streptomyces	mutabilis), (b) For cellulase (Streptomyces	
ghanaensis), (c) For L- asparaginase	 (Enterobacter	
cloacae), (d) For esterase (Streptomyces	ghanaensis) 
and (e) For caseinase (Streptomyces	rochei)

Fig. 5. Effect of different factors (a: NaCl%, b: Temperature, c: pH) on the activity of amylase enzyme from 
Streptomyces	mutabilis
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 Highest enzyme activity was shown in 
(5%) NaCl (2U/ml/min) and (0.61 U/ml/min) in 
7.5% NaCl. (Fig. 5).
Cellulase from Streptomyces ghanaensis
 The effect of temperature on the activity of 
crude cellulase obtained from culture supernatant 
was determined at various temperatures (37 °C, 
60, 100 °C) at pH 7.0 (Fig. 6). The enzyme showed 
a good activity at 100oC (2.08U/ml/min) with 
maximum activity at 60°C (8.4U/ml/min). The 
enzyme has optimal activity at pH 5 (1.96U/ml/
min) with severe decline in activity at pH 9.
 For determination of suitable NaCl 
concentration for enzymatic activity, enzyme 
assay was done at different NaCl% (0%, 5%, 
7.5%). Maximum enzyme activity was observed 
at 7.5%NaCl (3.66 U/ml/min) at 37°C, pH 7. and 
at 5% NaCl is (3.3 U/ml/min).

L-asparaginase from Enterobacter cloacae
 The  opt imum temperatures  for 
L-asparaginase activity was at 100°C (12.73 U/
ml/min), and at 60°C was (9.03 U/ml/min) under 
normal assay conditions as shown in Fig. 7.
 The enzyme activity was optimum at pH 9 
(5U/ml/min), and the activity was (3.2 U/ml/min) 
at pH 5 under normal assay conditions.
 The enzyme exhib i ted opt imum 
L-asparaginase activity at 5%NaCl (4.2 U/ml/min), 
and the enzyme activity was (0.46 U/ml/min) at 
7.5% NaCl under normal assay conditions
Esterase from Streptomyces ghanaensis 
 Optimum temperature for esterase 
activity was in the normal condition of assay, while 
the activity decrease by increasing temperature 
(20.9U/ml/min) at 60°C and (17.4/ml/min) at 
100°C

Fig. 6. Effect of different factors (a: NaCl%, b: Temperature, c: pH) on the activity of cellulase enzyme from 
Streptomyces	ghanaensis

Fig. 7. Effect of different factors (a:NaCl%, b: Temperature, c: pH) on activity of L-asparaginase enzyme from 
Enterobacter	cloacae
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 Enzyme activity was (14.2U/ml/min) at 
pH 5, and the use of more alkaline buffer resulted 
in a decline of the activity (3.2U/ml/min) under 
normal assay conditions.
 The enzyme activity was (24.2, 14.2U/ml/
min) in 5%,7.5% NaCl respectively under normal 
assay conditions. (Fig. 8)
Caseinase from Streptomyces rochei
 The enzyme showed a better activity at 
60°C, and 100°C (84.5, 80.6U/ml/min) respectively 
when compared to 37oC. 
 The enzyme has with optimal activity at 
pH 9 (93.9U/ml/min), and this activity decreased 
to the half (45.2/ml/min) at pH 5 under normal 
assay conditions.
 Maximum enzyme activity was observed 
at 5%NaCl (86.6 U/ml/min) at 37°C. activity 

at7.5%NaCl is 80.1U/ml/min under normal assay 
conditions. (Fig. 9)

DISCUSSION

 The study of enzyme activities in soil 
had large fields of interest for eighty years; 
however, it was only since the early 1950’s that 
it had developed into a significant research 
topic in soil microbiology and biochemistry. 
Soil microorganisms including bacteria secrete 
extracellular enzymes for the degradation of 
organic matter 37.
	 Actinomycetes are potential producers 
of different biologically active enzymes. Previous 
studies show that Actinomycetes had gained 
enormous importance as they have a capacity 

Fig. 8. Effect of different factors (a: NaCl%, b: Temperature, c: pH) on activity of esterase enzyme from 
Streptomyces	ghanaensis

Fig. 9. Effect of different factors (a: NaCl%, b: Temperature, c: pH) on activity of Caseinase enzyme from 
Streptomyces	rochei
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to produce and secrete different extracellular 
hydrolytic enzymes 38,39A number of researchers in 
earlier studies had also, reported that actinomycete 
from soil and water bodies possess high number 
of active enzymes. Patke and his colleagues, 
Chaphalkar and his colleagues had reported 
protease activity in isolated Actinomycetes 40,41, 
Hiroshi Tsujib isolated an alkaline protease from 
alkalophilic actinomycete, N. dussonrdlri subsp 
from a soil sample 42. Abraham and his colleagues, 
Obi and his colleagues and Williams had reported 
amylase activity in Actinomycetes	 43–45. For 
cellulase activity in Actinomycetes; Jeffrey and 
Azrizal reported about the cellulase production 
from Streptomyces	 gancidicus,	 Streptomyces	
malachitofuscus isolated from different locations 
of Peninsular Malaysia 46. Yugal Kishore; isolated 
nine isolates of cellulose-degrading Actinomycetes 
from different sediments 47, Manuel veiga found 
cellulolytic activity in Actinomycetes isolated 
from marine sediments 48. L-asparaginase activity 
was reported by Neelima, Amena S.and Dhanam 
Jayam 19,49,50, and esterase activity was reported by 
Demirjian and his colleagues, Ramnatha and his 
colleagues and Tirawongsaroj and his colleagues 
20,51,52.
 In our study, almost all isolates possess 
more than one activity, in which the isolates 
showed the ability to produce a wide range 
of enzymes. This could be attributed to the 
phenomena of natural selection of microorganisms 
in order to survive in the competing environment 
53. Earlier studies had also, proved that marine 
Actinomycetes are exhibiting diverse patterns in 
secreting extracellular enzymes 5,54.
 In the present study, all the isolated strains 
were tested for their cellulase, L-asparaginase, 
esterase, amylase and protease activities. The 
enzymatic activities of the isolated strains revealed 
that out of 26 Actinomycetes 10 (45%), 8 (36%), 
15 (68%), 5 (22%), and 7 (32%) were possessing 
cellulase, L-asparaginase, esterase, amylase 
and protease activity respectively. Out of 12 
Eubacteria strains 6 (60%), 4 (40%), and 9 (90%), 
5 (40%), and 7 (70%) were possessing cellulase, 
L-asparaginase, esterase, amylase and protease 
activity respectively.
 According to T.Ashokvardhan; it was 
found that among the 25 Actinomycetes, 96% (24 
strains) were amylolytic, 88% were proteolytic and 

44% (11 strains) exhibited lipolytic activity 55, Payal 
found that during primary screening, a total of 80-
90% isolates showed cellulase activity 8, Mohanta, 
found 18% isolates as cellulase producing organism 
47.
 Gulve found that out of 90 Actinomycetes 
76 (84.44%), 70 (77.78%), 65 (72.22%), 39 
(43.33%), 34 (37.78%) and 15 (16.67%) number 
of Actinomycetes were possessing protease, 
gelatinase, amylase, lecithinase, cellulase and 
urease activity respectively 56. 
 The  enzyme act iv i ty  o f  the  26 
Actinomycetes, 12 Eubacteria varied from isolate 
to isolate depending upon the growth and physical 
condition of the isolates. This difference may 
be due to the nature of the sample from which 
they isolated. Mukesh Sharma also, reported 
that biological functions of Actinomycetes mainly 
depend on the sources from which the bacteria 
were isolated 57.
 Thermostable cellulase was reported 
to be produced from Streptomyces genus by 
Hung-Der 58. According to Vieille, amylase 
from Pyrococcus furiosus, was stable at higher 
temperatures 80–100 oC 59. According to Pant 
and his colleagues, Residual protease activity was 
determined at different temperatures and was 
maximal at 40-50 oC 28. According to Tirawongsaroj, 
the Esterase displayed high thermal stability at 
temperatures up to 70°C 52. However according to 
Amena the L-asparaginase enzyme retained 55% 
of the activity, at 80 °C, it was maximally active 
at 40°C 49. This optimum L-asparaginase activity 
at 40°C was similar to that of Corynebacterium	
glutamicum, reported by Mesas 60.
 Results of some of these enzymes 
indicated the thermostable nature, which is an 
important desired characteristic that suits its 
applicability in various enzyme based industries. pH 
is one of the important factors that determine the 
growth and enzyme secretion of microorganisms as 
they are sensitive to the concentration of hydrogen 
ions present in the medium.  High enzyme titer 
was attained when the initial pH of the assay 
was maintained at 5 for amylase and cellulase 
enzymes produced from Streptomyces	mutabilis 
and Streptomyces	ghanaensis respectively.
 Two strains show maximum activity 
of the enzymes at pH 9; L-asparaginase and 
caseinase produced from	 Enterobacter	 cloacae 
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and Streptomyces	rochei respectively. Two strains 
(Streptomyces	 ghanaensis	 and	 Enterobacter	
cloacae)	had maximum esterase, l-asparaginase 
activity respectively near neutrality.
 In 2009, Haddar reported that the 
optimum pH of alkaline serine proteases (BM1) 
from Bacillus	mojavensis was between 8.0 and 
10.0, while BM2 was maximally active at pH 10.0 

61. Rahna found that the cellulase enzyme shows 
high activity at a broad range of pH values (pH 4 - 6) 
with optimal pH at 5.0 62. According to Amena; the 
optimal pH determined for L-asparaginase activity 
of Streptomyces	gulbargensis was 9.0 49. Subha has 
reported similar observations for asparaginase 
from Pseudomonas	stutzeri. 63.
 According to Maya; it was found that most 
Bacillus spp. produce lipolytic enzymes that have 
optimum activity at neutral or moderately alkaline 
pH (pH = 8.0–10.0)64. While, Olukayode reported 
that the partially purified enzyme preparations of 
Bacillus	licheniformis had pH optimum activity at 
5.5 12.
 In this study, temperature have profound 
effect on enzymatic activity. This is due to the 
increase of kinetic energy and velocity that follows 
temperature increases. With high velocity, less 
time between collisions will be, that led to more 
molecules that reaches the activation energy, 
which increases the rate of the reactions. Since 
the molecules are moving faster, collisions will 
increase between enzymes and substrates.9

 We found that four isolates show high 
enzyme activity at higher temperatures. With 
optimum activity at 60oC for cellulase, caseinase, 
and at 100oC for amylase, L-asparaginase. 
 However, esterase is a thermostable 
enzyme; the optimum activity was observed at 
37oC.
 Amylase was bio-synthesized using a 
thermophilic bacterium Bacillus	sp. This enzyme 
had been reported to display its optimal activity at 
a remarkably high temperature of 70 °C 9, a species 
of Bacillus	stearothermophilus TP26 that has been 
isolated produces an extra cellular protease having 
an optimum temperature of 75oC 65.
 Accord ing  to  Dhevag i ;  at  80 oC, 
L-asparaginase show 85% of its activity 66. According 
to Tirawongsaroj, the effect of temperature on 
Esterase activity was determined and showed 
highest activity at 70oC 52. Optimum temperature 

range of cellulases activity of 80-100 °C had 
been reported for enzymes isolated from several 
archaebacteria 67.
 Effect of salinity on enzyme activity was 
measured for all the enzymes in the current study. 
It was founded that two enzymes have optimum 
activity at 0% NaCl, esterase, L-asparaginase 
produced from Streptomyces	 ghanaensis	and 
Enterobacter	 cloacae. Two enzymes amylase, 
caseinase produced from Streptomyces	mutabilis 
and Streptomyces	 rochei respectively show 
optimum activity at 5%, while cellulase produced 
from	 Streptomyces	 ghanaensis with optimum 
activity at 7.5% NaCl. L-asparaginase activity of 
Enterobacter	cloacae not affected with 5% NaCl.
 Xiao Ting Fu found that relative activity 
of the protease was 73, 33, and 5% at 10, 20, and 
30% NaCl concentrations respectively 68. Ajay 
found that the amylase retains more than 60% of 
the initial activity even at NaCl concentration of 
3.5 M (20%) 69. Susan found that Mucor-originated 
L-asparaginase activity was unaffected by the 
addition of 4% (w/v) NaCl 70. Tianchen showed that 
the activity of Cellulase was moderately improved 
in the presence of 0.5–1 M NaCl and when NaCl 
concentration was progressively increased up to 
4 M, the activity remained unchanged 71.

CONCLUSION
 In this study, 38 strains were isolated 
and analyzed in relation to their ability to produce 
extracellular enzymes. Large numbers of recovered 
isolates have wide diversity for production of 
potential industrial enzymes (amylase, cellulase, 
L-asparaginase, esterase and caseinase). Three 
Actinomycetes and one eubacterium isolates bear 
extremophilic properties (thermostable alkaliphilic 
and acidophilic). Extraordinary characteristics of 
such enzymes make them a promising renewable 
tools for industrial biotechnological process.
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