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ABSTRACT

The actinomycete Streptomyces bikiniensis collected from laboratory stock
culture, Department of Microbiology, University of Chittagong was found to be a
protease producer. Effect of various culture conditions for the production of
protease from S. bikiniensis and its properties were determined in the present
study. The organism showed maximum protease yield at temperature 37°C with
an initial culture, pH 7.0 after 4 days of incubation period under stationary
condition. The crude enzyme preparation exhibited highest activity at substrate
(casein) concentration of 1.0% with a reaction time of 75 min, at 40°C and pH
6.0. EDTA was found to a potent inhibitor of protease of the isolate while, 1,2-
epoxy-3-(P-nitrophenoxy) propane exhibited low inhibitory effect on the enzyme
activity. The enzyme was partially purified by precipitation method using
ammonium sulfate fractionation and the maximum amount of the enzyme was
precipitated at 60% saturation.

Key words: Streptomyces bikiniensis, Protease activity, Factors influence. Crude
enzyme

INTRODUCTION

Use of microorganisms in enzyme production is much more economical
and environmentally friendly than conventional chemical synthetic methods. They
can grow in a wide range of environmental conditions (Trevan 2003).Proteases
are the most important enzymes in biotechnology, which occupy a pivotal
position with respect to their application in both physiological and commercial
fields. Proteases represent one of the largest groups of industrial enzymes and
account for 60% of the total worldwide sale of enzymes (Rao et al.1998).
Although proteases can be obtained from several sources including plant, animal
and microorganisms, microbial proteases are preferred in view of their rapid
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growth, ease of cultivation, purification and genetic manipulation. The microbial
enzymes produced in the largest amounts on an industrial basis are the bacterial
proteases, used as additives in laundry detergents (Madigan et al. 1997).Selection
of a suitable isolate is the most significant factor in the protease production
process. Cultural conditions greatly affect the growth and production of protease
in different microorganisms (Rajakumar 1998, Das et al. 2005, Shafee et al. 2005,
Ito et al. 2007).

In the present study, Streptomyces bikiniensis was a member of
actinomycetes used for the production of protease. The effect of various culture
conditions on the enzyme production was also evaluated.

MATERIALS AND METHODS

Microorganism

The previously isolated Streptomyces bikiniensis (2/BR8) was collected
from laboratory stock culture of the Department of Microbiology, University of
Chittagong, Chittagong. For the growth and preservation of the isolate sterilized
starch casein agar (SCA) was used.

Screening of the isolate for proteolytic activity

The organism ability to hydrolyze protease enzyme was demonstrated by
growing the organism in solid media containing different protein sources like
skimmed milk casein, gelatin and egg albumin. Secondary screening of the isolate
was made by measuring protease activity in liquid medium by quantitative
method. For production of protease by the isolate, three different broth media, viz.
Yeast Extract, Peptone, Dextrose broth (Amar and Halvorson 1975); Tryptone,
Dextrose, Yeast Extract broth (Matta et al. 1997); and Gelatin, glucose, Yeast
Extract broth (Shalinisen and Satyanarayana 1993) were used at temperature
37°C, pH 7.0 and with 5 days of incubation period.

Measurement of enzyme activity

Protease assay was done by the modified method of Hayashi et al. (1967)
as followed by Meyers and Ahearn (1977). Three milliliters of culture filtrates, 3
ml of citrate phosphate buffer and 3 ml of 1% casein were taken in a 25-ml test
tube. The test tube was placed in a water bath at 35°C for 1 hour. After reaction, 5
ml of 20% TCA was added to the reaction mixture to stop the enzymatic reaction.
The solution was filtered by Whatman no. 540 (Ashless). From the filtrate
solution, 1 ml enzyme substrate mixture was taken into a test tube and 2 ml of
20% Na,C03 was added to it. To this mixture 1 ml of Folin Ciocalteu reagent was
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added and the contents of the tube were mixed well immediately. After 30
minutes 6 ml distilled water was added to it and absorbance of the solution was
measured at 650 nm in a Vis-UV spectrophotometer (LaboMedInp). The amounts
of amino acids released were calculated from a standard curve using known
concentrations of tyrosine. The enzyme activity was expressed in unit. One unit of
enzyme was defined as the amount of enzyme that releases 1 ug of tyrosine /ml of
crude extract/hour under the assay condition.

Biomass yield

The actinomycetes culture was filtered through Whatman no.1 filter paper.
The filter cake was dried in oven at 80°C to a constant weight. The amount of
biomass was calculated by subtracting the weight of filter paper. The yield was
expressed as mg/g of protein.

Identification

The isolate 2/RB8 was identified on the basis of its morphological,
cultural and physiological characteristic. These characteristics were compared
with standard description of Bergey’s Manual of Determinative Bacteriology
(Buchanon and Gibbons 1974).

Optimization of culture conditions for maximum production of protease
Effect of incubation period

The effect of incubation periods on the maximum production of protease
by the isolate was studied. The enzyme production was carried out in 50 ml of
selected medium in 100 ml conical flasks and incubated for 48, 72, 96, 120, 144
and 168 hours. Then the culture filtrates were centrifuged at 8000 rpm for 15 min
at 4°C and the supernatants were used for the enzyme assay.

Effect of temperature

The culture medium was incubated at different temperature such as 10°C,
27°C, 37°C, and 45°C for enzyme production. The effect of temperature on
biomass characteristic, biomass yield and protease production was recorded.

Effect of medium pH

To observe the effect of medium pH on enzyme production, the medium
was prepared with different pH values (4.0, 5.0, 6.0, 7.0, 8.0 and 9.0) and the
incubation was carried out at 37°C. The effect of medium pH on biomass
characteristics, biomass yield and protease activity was recorded,
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Effects of stationary and shaking conditions on the production of proteases

To determine the effects of stationary and shaking conditions the
inoculated media were incubated in both stationary and shaking condition (100
rpm) keeping other experimental conditions at optimal levels.

Determination of optimum conditions for the crude enzyme activity
Effect of Reaction Time on Enzyme Activity

To ascertain the effect of reaction time on enzyme activity, the enzyme-
substrate mixture was incubated at different reaction time i.e. 30, 45, 60, 75, 90
and 120 mins and its effect on enzyme activity were recorded.

Effect of pH and Temperature

The effect of pH on protease was determined by incubating the reaction
mixture at pH value ranging from 4.0 to 8.0 using citrate phosphates buffer. The
optimum temperature for enzyme activity was determined by conducting the
assay at various temperatures from 35 to 55°C.

Effect of Substrate Concentration on Enzyme Activity

To determine the effect of substrate concentration, enzyme activity was
measured at different substrate concentration i.e. 0.5, 1.0, 1.5, 2.0, 2.5, 3.0 % of
casein solutions and the effects on enzyme activity were observed.

Inhibition of Protease Activity

Stock solutions of 5% inhibitors were prepared by dissolving each as
follows: PMSF (Phenylmethylsulfonyl fluoride) in 95% ethanol; EDTA in
distilled water; antipain in 1 mM HCI and 1, 2-epoxy-3-(P-nitrophenoxy) propane
in Methanol with dilute alkali. The concentrated inhibitor solutions were diluted
with water and mixed with an equal volume of enzyme solution. The enzyme-
inhibitor mixture was preincubated for 60 mins at 45°C and then protease activity
was determined at optimum pH. The inhibition of protease activity was calculated
from the difference between the readings of the untreated sample minus the
reading of treated sample, divided by the untreated sample reading, multiplied by
100.

Enzymes purification

The isolates were cultured in seven 250-ml Erlenmeyer’s flask using 100
ml of the optimized broth medium. After incubation culture were filtrated and
ammonium sulfate (10, 20, 30, 40, 50, 60 and 70 %,) was added with constant
stirring and left overnight at 4°C. The precipitates formed were collected by
centrifugation at 8000 rpm for 20 min at 4°C and dissolved in 4 ml of 0.1 M
phosphate buffer pH 7.0.
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RESULTS AND DISCUSSION

Streptomyces bikiniensis was collected from stock culture of the Department of
Microbiology, University of Chittagong. The isolate was preserved and tested for
its proteolytic activity. The isolate belonging to actinomycete group was a
filamentous Gram-positive bacterium that forms branching filaments.

Screening of the isolates

Primary screening of the isolate was done by the boiled egg albumin
degradation, gelatin hydrolysis and skimmed milk casein hydrolysis method. The
isolate of actinomycete showed ability to degrade or hydrolyze these proteins.
After primary screening, secondary screening was done by quantitative method.
On the basis of its enzymatic activity in three different broth media, the bacterial
isolate 2/BR8 was finally selected for detailed study.

Identification of the selected isolates

On the basis of the morphological, cultural and biochemical
characteristics, the bacterial isolate was found to belong to the genus
Streptomyces. It was provisionally identified as Streptomyces bikiniensis while
compared with standard description of “Bergey’s Manual of Determinative
Bacteriology ” 8" ed (Buchanon and Gibbons 1974).
Optimization of culture conditions for maximum production of protease

Effect of incubation period on protease production

Fig:1 shows the effects of incubation period on enzyme production by the
Streptomyces bikiniensis and maximum enzyme production was recorded after 4
days of incubation. The highest biomass yield (90 mg/g substrate) was recorded
after 5 days of incubation, associated with surface and sedimentary growth.
Production of maximum extracellular protease after 120 hours of incubation
period by actinomycete isolate was reported by Azeredo et al. (2004).

Effect of incubation temperature on protease production

The maximum protease production and highest biomass yield of the S.
bikiniensis was recorded at 37°C (Fig:2). A wide range of temperature (30°C-
55°C) has been reported for optimum growth and protease production by
Streptomyces sp.The results of the present study are in agreement to that reported
by Patke and Dey(1998), Azeredo et al.(2004) and Dastager et al.(2008).

Effect of medium pH on the production of protease
S. bikiniensis showed maximum enzyme production at medium pH 7.0
(Fig:3) but biomass characteristics of the strain varied with the pH of the medium.
Fermor and Wood (1981), Kalisz et al. (1987), Shumi et al.(2004), and Rahman et
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al. (2005) reported that maximum production of protease occurred at neutral pH
range (around pH 7.0). Our findings were in accordance with them.

Effects of Stationary and shaking conditions on the production of proteases

S. Dbikiniensis showed maximum protease activity (83.59 U/ml) at
stationary condition (Fig:4). Abd Rahman et al. (2005) reported that shifting the
culture from stationary to shaking condition decreased the protease production
(6.0-10.0% v/u).

Determination of optimum conditions for the maximum protease (crude) activity

Incubation time

During enzyme-substrate reaction, incubation time is an important factor
for measurement of enzyme activity. Highest protease activity (407.63 U/ml)
exhibited by the crude enzyme of the isolate 2/BR8 was achieved when incubated
at 37°C for 75 mins (Fig:5).

Temperature and pH

The enzyme production was carried out using casein as substrate at
various temperatures ranging from 35°C to 55° C and pH 5.0 to 8.0. The isolate
showed maximum enzyme activity (453.44 U/ml) at 40°C and pH 6.0 (Fig:6).
Maximum protease activity of extracellular protease of different species of
Streptomyces at different pH and temperature has been reported by Saad and
Hoda (1997), Kim et al.(1998), Azeredo et al. (2004), Seong et al. (2004) and
Ramesh et al. (2009).

Substrate Concentration

Enzyme activity is markedly influenced by the concentration of substrate.
In the present investigation, casein was used as substrate at different
concentrations (ranged from 0.5 to 3.0%). Maximum activity (342.37 U/ml) of the
enzyme was found with 1.0% substrate concentrations (Fig:7).

Inhibitors of protease

EDTA exhibited maximum inhibitory effect on protease activity (59.26%)
followed by 40.21%, 47.55% and 25.34% inhibition of protease activity in the
present of PMSF, antipain and epoxy propane respectively (Fig:8). Partial
inhibition of protease activity of Streptomyces megasporus SDP4 in the presence
of EDTA and PMSF was reported by Patke and Dey (1998).The protease activity
of S. microflavus was strongly inhibited by PMSF was reported by Rifaat et al.
(2006).
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Purification of enzyme

Enzyme was partially purified by precipitation method using 10 to 70%
solid ammonium sulfate. The maximum protease activity (382.44 U/ml) of
partially purified enzyme of the isolate 2/BR8 was recorded at 60% ammonium
sulfate saturation (Fig:9)

From the above results, it can be concluded that the isolate S. bikiniensis
(2/BR8) is a potent protease producer. The findings of this experiment could
significantly contribute to the biotechnological application of microorganisms
derived protease as a widely used enzyme. Further study of the strain
improvement can be carried out to enhance enzyme production.
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