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Enzymes play a key role in the hydrolysis and biotransformation of organics in
wastewater treatment plants. The main objective of the present study was to screen some
actinomycete strains isolated from the wastewater samples for production of some
industrially important enzymes. In this regard, ten actinomycete strains were isolated
from Beni-Suef wastewater treatment plant and screened for their amylolytic, cellulytic,
lipolytic and proteolytic activities. The results showed that the wastewater actinomycetes
have good capabilities for the production of the tested enzymes. It was found that all the
ten actinomycete isolates gave moderate amylolytic and high proteolytic activities, while
nine isolates gave weak cellulytic activities and seven isolates recorded very weak lipolytic
activities. The production of proteases was very high comparing to the other tested
enzymes.

Key words: Wastewater, Actinomycetes, Screening, Enzymes.

Biocatalysis is a major part of
biotechnology and can be performed by living cells
and/or their enzymes to catalyze chemical reactions
1. Certain enzymes are of special interest and are
utilized as organic catalysts in numerous processes
on an industrial scale. Commercial applications
have been found for enzymes in the food, detergent,
medical, pharmaceutical and textile industries.

Several enzymes may be detected in
wastewater samples, including amylases,
cellulases, lipases and proteases 2, 3. Amylase is
one of the most important industrial enzymes which
can be used in a number of industrial processes

including brewing, baking, textile and detergent
industry 4.

Cellulases constitute a family of enzymes
that hydrolyze cellulose to fuel-grade alcohol which
represents an important energy source. On the
other hand, microbial lipases are currently
receiving much attention with the rapid
development of enzyme technology. Lipases
constitute the most important group of biocatalysts
for biotechnological applications in food industry,
flavour industry, detergent manufacture,
pharmaceutical industry, esters and amino acid
derivatives, making of fine chemicals,
agrochemicals, use as biosensor, bioremediation,
cosmetics and perfumery 5.

Microorganisms account for a two-third
share of commercial protease production
worldwide and alkaline serine proteases are the
most important group of commercial enzymes 6.



J PURE APPL MICROBIO, 7(SPL. EDN.), NOVEMBER 2013.

484 HOZZEIN et al.:  STUDY OF ACTINOMYCETES FOR ENZYMES PRODUCTION

Within  the  pool  of  biochemical  reactions  that
are  involved in  flavor development and many
other industrial applications, proteolysis plays an
outstanding role 7.

Despite the promising performance of
newly studied enzymes in the laboratory, their
application in the industry might fail due to their
lack of robustness 8. Therefore, the search for new
microbial sources of enzymes with superior
chances of success in biotechnological
applications requires a serious.

In view of the above, it was the intention
of the current research to exploit wastewater
actinomycetes as producers of industrially
important enzymes to further undertake a thorough
investigation to isolate and characterize them.

MATERIAL AND METHODS

Sampling, isolation and characterization of the
wastewater actinomycetes

Sampling, isolation of the actinomycete
strains from the wastewater samples collected from
Beni-Suef Wastewater Treatment Plant (WWTP)
and characterization of the 10 selected wastewater
actinomycetes were carried out using the media
and conditions described before in details by
Hozzein and others 9. The pure isolates were
preserved in 20% glycerol at -20°C.
Quantitative screening for enzymatic activities

The ten isolated actinomycete strains
were screened for enzymatic activities. This was
done in Modified Bennett’s (MB) broth medium 10

supplemented with 1% of the substrate (starch,
Carboxy Methyl Cellulose (CMC), olive oil and
casein). In all cases, 25 ml of the sterile broth was
inoculated and incubated at 30°C on a rotary shaker
(150 rpm) for 5 days. Then, the enzyme activity
was measured as described below.
Amylase activity assay

Amylase activity was determined by
measuring the amount of reducing sugar (glucose)
released after hydrolysis of soluble starch. The
reaction mixture contained 0.5 ml of the filtrate
(crude enzyme) and 0.5 ml of 100 ml phosphate
buffer (pH 6.5) containing 1% (w/v) of soluble
starch. The mixture was incubated at 40°C for 30
min. The amount of reducing sugar released in the
mixture was determined by measuring the
absorbance at 500 nm according to the Somogyi

method 11. One unit of enzyme activity is defined
as the amount of enzyme releasing 1 µmol of
glucose per min at 40°C.
Cellulase activity assay

Cellulase activity was determined by
measuring the amount of reducing sugar (glucose)
released after hydrolysis of cellulose. The reaction
mixture contained 0.5 ml of the culture filtrate and
0.5 ml of 100 ml acetate buffer (pH 4.5) containing
1% (w/v) of CMC. The mixture was incubated at
50°C for 30 min. The amount of reducing sugar
released in the mixture was determined by
measuring the absorbance at 500 nm according to
the Somogyi protocol 11. One unit of enzyme
activity is defined as the amount of enzyme
releasing 1 µmol of glucose per min at 50°C.
Lipase activity assay

Lipase activity was determined by
measuring the amount of fatty acids released from
the hydrolysis of the emulsified solution of olive
oil by titration against NaOH solution 12. The
enzyme amount with which 1 µmole of fatty acid is
produced in 1 minute is assumed as 1 enzyme unit.
Protease activity assay

Anson–Hagihara’s method 13 was used
to measure the protease activity using casein as a
substrate. The crude enzyme (1 ml of the culture
filtrate) was added to 1 ml casein solution (2.5%,
w/v casein in boric acid–NaOH buffer, pH 9). The
reaction was incubated at 40°C for 30 min and then
the enzyme reaction was terminated by the addition
of 2.5 ml of TCA (5% trichloroacetic acid). The
precipitates were removed by filtration through
Whatman No.1 filter paper. The absorbance of the
filtrate was measured at 280 nm. One unit of
protease was defined as the amount of enzyme
liberating 1 µg of tyrosine per min under assay
conditions. Enzyme units were calculated after
comparison with tyrosine standard curve (0–100
µg).

RESULTS AND DISCUSSION:

One of the main goals of the research on
enzymes is industrial applications. It was reported
that 14 enzyme production is a growing field of
biotechnology and the world market for enzymes
is over $1.5 billion and it is anticipated to be doubled
within 5 years. In this regard, a large number of
new enzymes have been designed with the input
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of protein-engineering, biochemical-reaction
engineering and metagenomics. Various molecular
techniques have also been applied to improve the
quality and performance of microbial enzymes for
their wider applications in many industries 15.

Despite the fact that large number of
different enzymes has been identified and many
are being used in various biotechnological
applications, the available enzymatic array is still
not sufficient to meet the ever increasing
demands 16.

The majority of the industrial enzymes are
of microbial origin 5, 17. Therefore, programs to select
new microorganisms for enzyme production are
increasing around the world. Actinomycetes are
one of the most investigated groups since they
constitute a potential source of biotechnologically
interesting substances 18.

In this study, ten morphologically
different actinomycete strains were isolated from
wastewater samples collected from Beni-Suef
WWTP and characterized using standard
procedures. The full description of the strains was
reported in a previous study 9. The observations
revealed that strains A11, B21 and B31 showed
characteristics of genus Nocardia, where strains
A13 and B22 were characterized as members of the
genus Rhodococcus. On the other hand, the strains
C11, C12 and C13 (Fig 1) had typical characteristics
for members of genus Streptomyces, where strain
M1 had characteristics similar to those of genus
Gordonia. Finally, strain M13 showed
characteristics typical to members of genus
Nocardiopsis.

The main objective of the present study
was to screen the ten selected actinomycete strains
isolated from the wastewater samples for
production of industrially important enzymes.  In
this regard, they were screened for their amylolytic,
cellulytic, lipolytic and proteolytic activities.

The results showed that the wastewater
actinomycetes have good capabilities for the
production of the tested enzymes. It was found
that all the ten actinomycete isolates gave
moderate amylolytic and high proteolytic activities;
nine isolates gave weak cellulytic activities,
whereas only seven isolates recorded very weak
lipolytic activities.

The data recorded in Table 1 revealed that
the two Streptomyces strains C13 followed by C11
were the most active strains in amylase production.
Though, amylase is mainly a fungal and/or

Table 1. The enzymatic activities of the ten actinomycete strains isolated
from Beni-Suef Wastewater Treatment Plant measured in enzyme unit/ml

Actinomycete Amylase Cellulase Lipase Protease
strains activity (u/ml) activity (u/ml) activity (u/ml)  activity (u/ml)

A11 12.7 ± 0.0 2± 0.0 0± 0.0 407± 5
A13 41± 0.05 3.1± 0.0 0.1± 0.0 481± 5
B21 53 ± 0.05 13.1± 0.0 0± 0.0 525.4± 5
B22 53 ± 0.05 0± 0.0 0.1± 0.0 52± 0.5
B31 54.8± 0.05 9.2± 0.0 0.05± 0.0 658.6± 5
C11 69.4± 0.05 7.5± 0.0 0.1± 0.0 854.7± 5
C12 53± 0.05 6.2± 0.0 0.05± 0.0 629± 5
C13 84.8± 0.05 7± 0.0 0.05± 0.0 518± 5
M1 7.9± 0.0 3± 0.0 0± 0.0 35.5± 0.05
M13 15.9± 0.0 4.3± 0.0 0.05± 0.0 629± 5

Fig. 1. Scanning electron micrograph of strain C13
showing the very long spore chains with smooth surface
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eubacterial product, the possibility of using
Streptomyces strains in amylase production was
recently investigated and proved 19, 20, 21.

The two Nocardia strains B21 and B31
followed by the Streptomyces strain C11 were the
most active strains in cellulase production, whereas
the Streptomyces strain C11 followed by the two
Rhodococcus strains B22 and A13 were the most
active in lipase production. Recently, the interest
raised by the enzymes produced by actinomycetes
and the lack of information concerning the lipases
of the genus Rhodococcus leaded to the discovery
of LipR, the first member of a new bacterial lipase
family (Family X) displaying an unusual Y-type
oxyanion hole  from Rhodococcus sp. strain CR-53
22.

It is obvious from Table 1 that protease
production was very high comparing to the other
tested enzymes and that the Streptomyces strain
C11 was the most active organism in protease
production. It was reported that proteases from
Streptomyces origin offer an advantage as the
mycelium can be easily removed by filtration 23.
Therefore, production and characterization of
proteases from different Streptomyces strains for
different biotechnological applications were of
interest 24, 25.

Enzymes play a key role in the hydrolysis
and biotransformation of organics in wastewater
treatment plants. However, no significant
application has been proposed yet for the enzymes
from the wastewater actinomycetes. Therefore, the
aim of the current study was screening the
wastewater actinomycetes for production of four
enzymes of commercial interest. The results are
encouraging and the purification and
characterization of the most interesting produced
enzymes will be reported in other studies.
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