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Amylase is an important industrially useful enzyme with various applications, widely explored for their
applications in food and biofuel industries. In this study, seventeen actinomycetes strains were isolated
from the soil sample and screened for amylase biosynthesis. Among the 17 isolates, nine actinomycetes
showed activity on starch agar plates. The strain Al-Dhabi-46 showed more hydrolytic zone (19 mm) on
starch agar plates. It was identified by biochemical characters and 18S rDNA sequencing and
characterized as Streptomyces sp. Al-Dhabi-46. Amylase production was found to be maximum after
5 days of incubation (108 ± 4.1 U/ml) and at pH 8.0 (118.1 ± 2.3 U/ml) and at 40 �C (124 ± 12.1 U/ml).
Amylase synthesis was high in the medium containing starch (208 ± 11.4 U/ml). Amylase production
was 241 ± 18.1 U/ml in the culture medium supplemented with beef extract and 0.1% Mn2+ ions
significantly enhanced amylase production. The molecular weight of purified amylase from
Streptomyces sp. Al-Dhabi-46 was 44 kDa. Amylase was highly active up to pH 8.0 and at 40 �C.
Amylase activity was enhanced by the addition of Mn2+ at 10 mM concentrations. Purified amylase from
Streptomyces sp. Al-Dhabi-46 digested cassava starch at 25% and 55%, 78% and 95.4% level after 15 min,
30 min, 45 min and 60 min of enzymatic reaction. Enhanced production of amylase enzyme from the
Streptomyces sp. Al-Dhabi-46 attract for the production of industrially important products.
� 2019 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Amylases are industrial enzymes and used mainly in starch
processing industries. These enzymes have various uses in starch
hydrolysis and syrup production (Tonkova, 2006). These cleave
1–4 linkages between glucose units and formation of maltotriose,
maltose and glucose. In recent year’s enzymatic hydrolysis of
starch has effectively replaced chemical methods (Vidyalakshmi
et al., 2009). Amylases have wide application, including, processing
of fruits like banana, mango, citrus and papaya (Sharanappa et al.,
2011). In dish washing and used in laundry (Vidyalakshmi et al.,
2009), food fermentation, paper and textile industries (Sanghvi
et al., 2011). These enzymes were derived from various sources,
including actinomycetes and bacteria. Among these amylases
microbial source is highly preferred than other sources because
of its vast availability and its plasticity (Li et al., 2011). Optimiza-
tion and production of this microbial source of amylases were
investigated by submerged fermentation and solid state fermenta-
tion. Many cheap substrates were used in solid state fermentation;
however in submerged fermentation various synthetic medium
has been used. These synthetic culture medium is much expensive
and not economical, so it is an urgent need to be replaced with
highly economically available industrial and agricultural by prod-
ucts, as they are broadly considered as potential substrates to pro-
duce various enzymes in solid state fermentation. pH and
temperature are well know process parameters in enzymes pro-
duction frommicroorganisms (Pérez-Guerra et al., 2003). Amylases
from various microbial sources with some novel properties have
many industrial applications. These unique properties include
optimum temperature, thermo tolerance, optimum salinity and
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pH optima (Gupta et al., 2003). Bacteria from the genus Bacillus
produce various amylases. These amylases have various applica-
tions in the industry. a-amylases synthesized by the Bacillus sp.
have potent applications, and in recent years much interest has
been focused on culture medium optimization. Bioprocess param-
eter optimization is an important strategy because these include
enzyme yield. Generally, the process parameters were optimized
to increase the yield of enzymes (Nielsen and Borchert, 2000,
Sivaramakrishnan et al., 2006). Actinomyces such as, Streptomyces
sp. SLBA-08, S. avermitilis, S. rochei BTSS 1001 and Streptomyces
strain A3 have been used for the production of amylases
(Boovaragamoorthy et al., 2019; Gurusamy et al., 2019; Ilavenil
et al., 2015; Roopan et al., 2019; Valsalam et al., 2019b;
Rajkumari et al., 2019). Microbial amylases have also been used
in the field of medicine (Acharyabhatta et al., 2013; Chakraborty
et al., 2012). These amylases have isolated and characterized from
various bacterial species including, Streptomyces, Bacillus, Escheri-
chia, Serratia, Proteus and Micrococcus (Shafiei et al., 2011; Van
Der Maarel et al., 2002). The genus Streptomyces adopted to survive
in various environment and synthesized various metabolites,
including enzymes (Al-Dhabi et al., 2016, 2019a). Amylase has also
been used in detergent formulation to hydrolyze starches. In Saudi
Arabia, about 90% areas are covered by deserts; however the
microbial consortium from actinobacterial community not has
been exploited (Nithya et al., 2015; Al-Dhabi et al., 2018, 2019b).
In recent years, amylase producing actinomycetes have been iso-
lated from various sources (Kar and Ray, 2008; Krishnakumar
et al., 2015; Krishnan and Sampath, 2015; Singh et al., 2011). Sup-
plementation of carbon source, nitrogen source and ions induce
amylase production. It was also reported that addition of various
nitrogen sources such as beef extract and yeast extract enhanced
amylase production (Ponnuswamy et al., 2011). Amylases are used
in the preparation of digestive aid, pharmaceutical aid, and prepa-
ration of bread, used in baking industry. Amylases also have been
used in various industries including detergent, brewery, starch liq-
uefaction, textile, saccharification, paper and food (Gupta et al.,
2003; Al-Dhabi and Ghilan, 2018; Arasu et al., 2017). The yield of
amylase is mainly based on the selected strain, cultivation method,
pH, nutrient requirements, incubation time and cultivation tem-
perature. Earlier, various researchers isolated actinomycetes from
various sources for the production of amylases. However, studies
are limited on thermostable amylase production from Streptomyces
sp. Therefore, the main aim of the present investigations is to iso-
late and screen various Streptomyces sp. for amylase production
and to characterize this enzyme for various industrial processes.
2. Materials and methods

2.1. Chemicals and nutrient media

The chemicals and nutrient medium used in the present study
were procured from the Somatco, Riyadh, Saudi Arabia. The antibi-
otics used for the isolation of the actinomycetes were purchased
from Himedia, India. All the lab experiments were performed using
double distilled water.
2.2. Isolation of Streptomyces sp. for amylase production

In this study, soil sample was collected from Jazan region of
Saudi Arabia for the isolation of actinomycetes. About one-gram
soil was mixed with 100 ml double distilled water and spread on
actinomycetes isolation agar. It was incubated for 7 days at
28 �C. Antibiotics such as nalidixic acid and nystatin were added
to minimize the contamination of microbes. Morphologically dif-
ferent actinomycetes were purified using starch casein agar plates.
2.3. Screening and identification of actinomycetes isolates for amylase
production

The isolated actinomycetes were screened for the production of
amylase. For amylase screening, 1% soluble starch was incorpo-
rated with minimal medium and incubated at 28 �C for 5 days.
Then Gram’s iodine was flooded and clear distinct zone around
actinomycetes indicates amylase production. The characteristic
features such as casein hydrolysis, tyrosine and xanthin were used
for the determination of the genus Streptomyces. Also, utilization of
various nitrogen sources, carbon sources, production of melanin
were analyze for the determination of Streptomyces. Further 16S
rDNA sequence analysis was also performed to identify the organ-
ism in molecular level (Korn-Wendisch and Kutzner, 1991).

2.4. Amylase production from Streptomyces sp. Al-Dhabi-46

In this study Streptomyces sp. was grown in basal medium. To
this basal medium 1% soluble starch was added to induce amylase
production. About 1.0 ml of 5 days Streptomyces sp. Al-Dhabi-46
culture was inoculated in to 100 ml of culture. Then, the culture
was centrifuged for 10 min at 10,000g at 4 �C to separate the super-
natant. The supernatant was assayed for the determination of amy-
lase using soluble starch.

2.5. Optimization of fermentation conditions for amylase production

The process parameters such as, incubation time (1–6 days),
medium pH (6–10), temperatures (20–50 �C), carbon sources (glu-
cose, lactose, fructose, maltose, arabinose, starch, xylose and tre-
halose (1%, w/v)), nitrogen sources (beef extract, yeast extract,
peptone, glycine, ammonium sulphate, ammonium nitrate and
urea (1%, w/v)), ions (Ca2+, Mg2+, Mn2+, Cu2+ and Hg2+ (1%, w/v))
was added (El-Batal et al., 2016).

2.6. Isolation of amylase from Streptomyces sp. Al-Dhabi-46

Amylase was purified from Streptomyces sp. by various steps
including, ammonium sulphate precipitation, dialysis and chro-
matography. All purification steps were performed at 4 �C. The
sample was precipitated with solid ammonium sulphate for over-
night and separation of precipitated proteins at various percent-
ages of saturation (20–30%, 30–40%, 40–50%, 50–60%, 60–70%,
70–80%). The precipitated sample was dialyzed against water and
buffer for overnight. The purification process was performed as
described previously. The purified enzyme was characterized by
SDS–Polyacrylamide gel electrophoresis.

2.7. Properties of amylase from Streptomyces sp. Al-Dhabi-46

Purified enzyme was used for characterization studies. Amylase
activity in response to pH value was carried out using various buf-
fers ranging from 6.0 to 10.0. For the determination of pH stability,
small quantity of the purified amylase sample was pre-incubated
individually at specific buffer system for 10–60 min and enzyme
assay was performed. Amylase stability was performed with
40 �C for 1 h. The effect of various metal ions (Mg2+, Mn2++,
Cu2+++, Hg2+, Fe2++++, Zn2+, Na+, Co2+ and Ca2+) on enzyme activity
was studied. About 0.2 ml of sample was incubated with ions for
30 min. The control test was assayed without any metal ions.
Soluble starch was used for amylase determination.

2.8. Applications of amylases in the hydrolysis of cassava starch

The crude amylase from Streptomyces sp. (500 U) was added
with cassava starch for 5 h and saccharification efficacy of
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amylolytic enzyme by Streptomyces sp. Al-Dhabi-46 was evaluated
after 5 h of incubation.
Fig. 1b. Effect of pH on amylase production from Streptomyces sp. Al-Dhabi-46.

Fig. 1c. Effect of temperature on amylase production from Streptomyces sp. Al-
Dhabi-46.
3. Results

3.1. Screening and identification of actinomycetes for amylase
production

Actinomycetes were isolated from the soil sample. Extracellular
enzymes production by the actinomycetes isolates from the soil
was assayed initially qualitatively. Initial screening revealed the
ability of producing amylases by the isolated actinomycetes spe-
cies on culture plates. Among the actinomycetes isolate, Al-
Dhabi-46 which was isolated from the soil showed good activity
on starch agar plates. Hence this organism was selected for opti-
mization of enzymes production. The selected strain Al-Dhabi-46
was Gram-positive, coenocytic mycelic and branched, non-acid
fast and filamentous type. It was catalase positive, reduced nitrate,
hydrolyzed starch, Voges-Proskauer and indole negative. Based on
microscopic observations and staining properties this organism
was identified as, Streotomyces sp. Streptomyces sp. strain Al-
Dhabi-46 showed 23 mm zone after flooding with Gram’s Iodine
on starch agar plates. Based on 16S rDNA analysis this organism
was identified as Streptomyces sp. Al-Dhabi-46 the sequence was
accessed by KC292820.

3.2. Optimization of amylase production from Al-Dhabi-46

Amylase production was found to be maximum after 5 days of
incubation (108 ± 4.1 U/ml) and decreased there after (93.4 ± 3.9 U/
ml) (Fig. 1a). Amylase activity was maximum at pH 8.0 (118.1 ± 2.
3 U/ml) and decreased at higher pH values (Fig. 1b). The produc-
tion of amylase was very low at 20 �C (4.2 ± 0.5 U/ml) and was
found to be maximum at 40 �C (124 ± 12.1 U/ml) (Fig. 1c). Enzyme
production was found to be maximum in the culture medium con-
taining starch as carbon source (208 ± 11.4 U/ml) and 1% starch
was optimum to enhance amylase production (Fig. 2a and b). Amy-
lase production was 241 ± 18.1 U/ml in the culture medium sup-
plemented with beef extract. Enzyme production was
significantly higher at 2.0% beef extract, when tested at various
concentrations (Fig. 3a and b). Amylase production was optimum
in the culture medium containing Mn2+ as ionic source (216.5 ± 3.
1 U/ml). At 0.1% Mn2+ ions significantly enhanced amylase produc-
tion (Fig. 4a and b).

3.3. Purification of amylase from Streptomyces sp. Al-Dhabi-46

Amylase was purified from Streptomyces sp. Al-Dhabi-46 by
salting out, dialysis and chromatography. The crude amylae
Fig.1a. Effect of fermentation period on enzymes production from Streptomyces sp.
Al-Dhabi-46.

Fig. 2a. Effect of carbon sources on enzymes production by Streptomyces sp. Al-
Dhabi-46.
showed 3.2-fold purification and the specific activity of amylase
was 16.2 U/mg protein. Ammonium sulphate at 50–60% was opti-
mum for the fractionation of amylase from Streptomyces sp. Al-
Dhabi-46 and the other fractions did not show any significant amy-
lase activity. The precipitated sample was dialyzed against water
and buffer for overnight and enzyme activity was assayed. After
purification using Sephadex G-100 chromatography, the specific
activity of enzyme was 187 U/mg protein. The active amylase frac-
tions obtained gel filtration chromatography was loaded on SDS –
PAGE and the molecular weight of purified amylase was 44 kDa
(Fig. 5).



Fig. 2b. Effect of various concentrations of starch on amylase production by
Streptomyces sp. Al-Dhabi-46.

Fig. 3a. Effect of nitrogen sources on enzyme production by Streptomyces sp. Al-
Dhabi-46.

Fig. 3b. Effect of various concentrations of beef extract on amylase production by
Streptomyces sp. Al-Dhabi-46.

Fig. 4a. Effect of ions on enzymes production by Streptomyces sp. Al-Dhabi-46.

Fig. 4b. Effect of various concentrations of Mn2+ ion on amylase production.

Fig. 5. SDS-PAGE analysis of amylase by Streptomyces sp. Al-Dhabi-46. The active
fraction from gel filtration chromatography was loaded and the molecular weight of
amylase was determined as 44 kDa (Lane 1: protein molecular weight marker; Lane
2: purified enzyme).
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3.4. Characterization and saccharification efficiency of amylase from
Streptomyces sp. Al-Dhabi-46

Amylase was highly active up to pH 8.0 and reduced activity
was reported at higher pHs (pH 9.0 and 10.0). The optimum pH
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for amylase activity was pH 8.0, which was higher than most of
amylases. The enzyme showed approximately 80% residual activ-
ity, when amylase was denatured for 30 min at pH 8.0, however,
only 25% of enzyme activity was retained after 60 min of incuba-
tion at this pH value (Fig. 6a and b). Amylase was found to be
highly active at 40 �C (100% activity), however, lost 45% of its orig-
inal activity at 70 �C. Thermal stability of amylase showed increas-
ing stability at higher temperatures (upto 50 �C and enzyme
stability was just 35% after 60 min of incubation at 50 �C (Fig. 7a
and b). Amylase activity was enhanced by the addition of only
Mn2+++ at 10 mM concentrations. In this case, other ions inhibited
enzyme activity (Fig. 8). The amylase from Streptomyces sp. Al-
Dhabi-46 digested cassava starch at 25% and 55%, 78% and 95.4%
level after 15 min, 30 min, 45 min and 60 min of enzymatic reac-
tion. This amylase enzyme may be useful for the production of
bioethanol.
Fig. 6b. Effect of pH on enzyme stability from Streptomyces sp. Purified enzyme was
individually assayed to reveal optimum pH value.

Fig. 7a. Effect of temperature on enzyme activity. Enzyme assay was performed at
various temperatures (30–70 �C) individually, and relative activity was measured.
4. Discussion

In this study, seventeen actinomycetes were isolated and
screened for amylase production. Among the 17 isolates, nine acti-
nomycetes showed activity on starch agar plates. The strain Al-
Dhabi-46 showed more hydrolytic zone (19 mm) on starch agar
plates. This strain was identified by biochemical characters and
16S rDNA sequencing and identified as Streptomyces sp. Al-Dhabi-
46. Amylase activity was reported from Bacillus subtilis B19 by
Dash et al. (2015). Recently, Gopinath et al. (2017) used agar plates
for the determination of amylase activity from Penicillium sp. and
Aspergillus versicolor (Al-Dhabi and Ghilan, 2019; Arasu et al.,
2019). In Streptomyces, amylase assay has been carried out in S.
avermitilis and S. rochei BTSS 1001 (Hwang et al., 2013; Syed
et al., 2009). Syed et al. (2009) isolated Streptomyces gulbargensis
DAS 131 for the production of extracellular amylase and this was
thermotolerant in nature. Kafilzadeh and Dehdari (2015), isolated
actinomycetes from the aquatic environment and showed
62.97 U/ml in submerged fermentation. Box-Behnken design has
been employed to optimize the culture condition for the produc-
tion of amylase and achieved 145.32 U/ml amylase (Khusro et al.,
2017). Amylase production was found to be high after 5th day of
incubation at 37 �C (108 ± 4.1 U/ml) and attained maximum amy-
lase activity at pH 8.0 (118.1 ± 2.3). Optimum pH and temperature
for amylase activity differ from species to species (Gupta et al.,
2003). In our study, amylase production was maximum at 40 �C
(123.12.1 U/ml) in submerged fermentation. Among the carbon
sources, starch enhanced on amylase production. The selected
other carbon sources showed less amount of amylase activity.
Although starch is the most preferred carbon source for the pro-
duction of amylase in most of the bacterial species the sugar such
Fig. 6a. Effect of pH on enzyme activity from Streptomyces sp. Al-Dhabi-46. Purified
enzyme was individually assayed to reveal optimum pH value.

Fig. 7b. Effect of temperature on enzyme stability. The purified enzyme was
individually pre-incubated at for 60 min and enzyme assay was performed by
standard method.
as, lactose, maltose, fructose and glucose have been observed to
produce maximum amount of amylase (Aqeel and Umar, 2010;
Ashwini and Gaurav, 2011; Salva and Moraes, 1995; Suman and
Ramesh, 2010). Lin et al. (1998) reported catabolite repression of
fructose and glucose in amylase production. In our study, amylase
production was effectively stimulated by beef extract and amylase
production was 241 ± 18.1 U/ml. However, requirement of these
sources may differ from species to species. Previously, supplemen-



Fig. 8. Effect of ions on enzyme activity.
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tation of yeast extract, peptone and tryptone enhanced amylase
production (van Hille et al., 2009). Also the influence of various
inorganic nitrogen source on enzyme production has been
reported. The inorganic nitrogen sources such as nitrate ions and
ammonium ions positively influenced on amylase production
(Aqeel and Umar, 2010). In this study, 1% inoculums were inocu-
lated throughout the experiments. Previously, 2% inoculums was
recommended for a-amylase production (Dash et al., 2015). In a
study, Abdel-Fattah et al., 2012; screened B. licheniformis for the
production of amylase and optimum pH ranged between 6.0 and
7.5, temperature ranged between 60 and 80 �C. In a study, (Kaur
et al., 2003) isolated amylase producing bacteria from the agricul-
tural field. In a study, Kafilzadeh et al. (2012) screened marine acti-
nomycete, Streptomyces from aquatic sediments for the production
of amylase (Arasu et al., 2013; Arokiyaraj et al., 2015; Valsalam
et al., 2019a). The purified amylase of Streptomyces sp. Al-Dhabi-
46 was found to be 44 kDa. The purified amylase was highly active
at pH 8.0 and it was stable for 30 min at this temperature. Among
the tested ions, 10 mM Mn2+ enhanced amylase production. It was
highly active at 40 �C and showed stability for 50 min at this tem-
perature. In the case of amylase, enzyme stability and activity is
also dependent on time and temperature. Amylases also stable
between pH value 4.0 and 11.0 (Omemu et al., 2005).

5. Conclusion

In this study, the soil Streptomyces isolate Al-Dhabi-46 showed
potent activity to produce industrially useful amylase. This group
is considered as a significant source for amylases. These Strepto-
myces spp. have enormous potential as secrete novel extracellular
amylases. The isolated amylase showed pH and temperature sta-
bility and has great potential in various industrial processes
including starch saccharification.
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