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Abstract. Microorganisms are the preferred source of enzyme applicable to a variety of industries, such 

as food, paper, detergent, and energy. In this study, amylase enzymes were explored for the first time in 

the springs of Shahdara, Islamabad, Pakistan. 22 out of 28 bacterial isolates showed amylase activity from 

which the three best amylase producing isolates (S5, S13, and S17) were selected for further studies. 

These isolates were identified as Bacillus spp and Clostridium spp using microscopic, biochemical, and 

molecular-based (16S rRNA) approaches. Phylogenetic analysis further revealed that strains (S5, S13, 

and S17) have 97% similarity with Paraclostridium benzoelyticum, Bacillus subtilis, and Bacillus 

tequilensis, respectively. The maximum amylase production of Bacillus subtilis and Paraclostridium 

benzoelyticum was observed at pH 5 and 55 °C whereas that of Bacillus tequilensis was at pH 8 and 

55 °C. Similarly, the highest activity of amylases from each strain was found at 55 °C in common, but in 

different pH conditions (at pH 5 for Paraclostridium benzoelyticum and Bacillus subtilis and at pH 6-8 

for Bacillus tequilensis). Our study represents that Shahdara springs have beneficial microbial reservoirs 

producing acidic and thermostable amylases, having great importance to various bio-industrial 

applications. 

Keywords: thermostable amylase, Shahdara springs, Bacillus spp, Clostridium spp, 16S rRNA gene 

sequencing 

Introduction 

Microbial enzymes are preferred natural sources to animals and plants due to the ease 

of cultivation, shorter generation time, low cost, and feasibility for human consumption. 

Microorganisms, which synthesize the microbial enzymes, are found in different 

sources including extreme sites such as springs, salt mines, and deserts. Among them, 

springs are considered the best natural source of microbial enzymes. It provides suitable 

environments for various extremophiles including thermophiles, acidophiles, and 

alkaliphiles that produce extremophilic enzymes (Sen et al., 2010), which collectively 

have attracted researchers’ attention (Ali et al., 2013; Tango and Islam, 2002). The 
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extremophilic enzymes gathered from springs, in particular, have a great potential for 

many industrial applications because of their diversity and unique enzyme activity 

(Gopinath et al., 2017; Li et al., 2012; Singh et al., 2016). 

Among these enzymes, amylases, which can be used to hydrolyze starch into dextrin 

and small polymers of glucose, are the most widely used enzymes in various industries, 

taking the first place in the global enzyme market (25-33%). Amylases have replaced 

acidic hydrolysis and chemical catalysts for starch degradation which is available in 

huge amounts in waste reservoirs (Sen et al., 2014). Amylases have many applications 

in the food and pharmaceutical industries such as production of fruit juices, bread 

making, glucose syrups and alcoholic beverages (Wajeeha et al., 2011). Amylases are 

generally classified into 1) endoamylases (α-amylases), 2) exoamylases (β-amylase, 

glucoamylase), and 3) debranching enzymes (pullulanase, isoamylase) based on their 

modes of action to generate glucose, maltose, malto-oligosaccharides, and dextrins 

(Kim and Toldrá, 2016; Suriya et al., 2016). Amylase enzymes have diverse bio-

industrial applications which demand large scale exploration of these enzymes in 

extreme reservoirs (de Souza and de Oliveira Magalhaes, 2010; Parmar and Pandya, 

2012; Patel et al., 2018). Pakistan is particularly gifted with a number of extremophilic 

environments. Several hot springs, salt mines, deserts, glaciers, marine brine pools, and 

hydrothermal vents are present in various localities of Pakistan e.g., novel strains 

producing hydrolytic enzymes were isolated from hot springs and salt mines in Pakistan 

(Roohi et al., 2012, 2014; Zahoor et al., 2016). We are still exploring different microbial 

reservoirs to characterize novel extremophilic enzymes from sources such as hot 

springs, glaciers, deserts, salt mines, and coal mines located at Pakistan. Although there 

are few reports regarding microbial explorations in these areas, there is still a lot of 

work needed to identify novel microbial sources of bio-industrial importance (Afridi et 

al., 2019; Ali et al., 2016; Shah et al., 2017). Here, we report new amylase producing 

bacterial strains taken from the Shahdara springs located in the hilly area of Margalla-

Islamabad-Pakistan. The Shahdara springs have been explored for microbial flora, 

however, these springs have been rarely investigated for microbes producing enzymes. 

Total of 28 bacteria were primarily isolated from the Shahdara springs and screened for 

the amylase activity. The three best amylase producing bacteria were selected out of 22 

amylase producers to check its growth and activity under different physical factors like 

pH and temperature. 

Materials and methods 

Specimen collection and enrichment of bacterial isolates 

Freshwater samples (n = 25) were collected from different locations in the springs of 

Shahdara valley, Islamabad (31° 37’ 16.0068” N and 74° 16’ 56.5104” E) in 2018. 

Temperature and pH at the time of sampling collection was approximately 22ºC and 7-

8, respectively. The samples in sterilized bottles were immediately transported to the 

microbiology laboratory of Kohat University of Science & Technology (KUST), Kohat 

and preserved at 4 °C until further use. The bacterial isolation was carried out through a 

standard serial dilution technique. Moreover, enrichment was done using 2 ml of 

bacterial culture into 10 ml of LB broth and incubated at temperatures 40, 50, 55 and 

60 °C for 24 h. After that, 100 µl of samples were diluted and spread onto LB agar and 

nutrient agar. The plates were then incubated at temperatures 40, 50, 55, and 60 °C for 

24 and 48 h. The bacterial isolates were further purified based on colonial morphology. 
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Screening and identification of amylase producing bacteria 

All the isolated colonies were further streaked on the spot method on a starch agar plate 

and were incubated at 37 °C for 24 h. The incubated plates were checked for amylase 

activity by adding 1% iodine and 2% potassium iodide solution. The isolate that survived 

and produced a clear zone around the colony was considered as an amylase producing 

bacteria. Bacterial isolates giving the largest clear zones were taken for further studies. The 

bacterial isolates were characterized according to the standard procedure based on 

morphological and biochemical tests for initial identification that were further identified by 

16S rRNA gene sequencing (Sen et al., 2014). Therefore, for molecular identification, 

bacterial DNA was extracted using Gene Jet Genomic DNA Purification Kit. Genomic 

DNA samples were subjected to PCR for the amplification of the 16S rRNA gene using 

universal primers (5-GGAGGCAGCAGTAGGGAATA-3) and (3-

TGACGGGCGGTGAGTACAAG-5). The PCR conditions were set as initial denaturation 

(94 °C for 6 min), followed by annealing temperature (56 °C for 40 s) and extension (72 °C 

for 50 s). The final extension was performed at 72 °C for 3 min for a total of 35 cycles. The 

PCR amplified product was sequenced using the commercial service of Advance 

Bioscience International (ABI). The sequence was BLAST searched on EZ-Biomedical 

server to get the exact nomenclature of the isolates. The phylogenetic tree was constructed 

with MEGA 6 using the neighbor-joining method with a bootstrap value of 1000. 

 

Optimization of bacterial growth and amylase production 

The selected amylase producing bacterial isolates were optimized by the following 

factors such as pH and temperature in liquid media. The liquid medium was contained of 

starch peptone (10 g/l each), yeast extract (20 g/l), KH2PO4 (0.10 g/l), CaCl2.2H2O (0.10 

g/l), MgSO4.7H2O (0.50 g/l) and FeSO4.7H2O (0.02 g/l) to evaluate amylase production. 

The effect of pH on bacterial growth and production was conducted in a flask containing 

the above liquid media by maintaining pH range of 3-11. While the effect of temperature 

was checked by incubating at different temperature ranges from 35, 45, 55, 65 and 75 °C. 

The turbidity of bacterial culture was measured by spectrophotometer at 540 nm as amylase 

produced. 

Bernfeld (1995) method is used to determine the activity of amylase (Bernfeld, 1995). 

The assay was performed in a test tube using enzyme extract (1 ml), 0.05 M sodium 

phosphate buffer (1 ml) at pH 7.0 and 1% starch (1 ml). The mixture was then incubated at 

55 °C for 15 min followed by the addition of 1 ml of DNS reagent to stop reaction. The 

optical density of color produced was reported by spectrophotometer at 540 nm using 

maltose as standard. One unit of enzyme was defined as the amount of enzyme requires 

releasing one µmol of reducing sugar per minute by applying the following formula 

reported in literature (Singh et al., 2015): 

 

   

 

Partial purification of amylase 

Ammonium sulfate precipitation method was used to partially purify crude amylase 

enzyme. The precipitation mixture was centrifuged at 4000 rpm at 4 °C for 30 min. The 

supernatant was discarded and protein pellet was dissolved in 5 ml of phosphate buffer and 

store at 4 °C for further analysis. 
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Electrophoretic amylase separation 

The Laemmle method was used to determine the purity and molecular weight of 

partially purified amylase on 12% (w/v) Sodium dodecyl polyacrylamide gel 

electrophoresis (SDS-PAGE) under reducing conditions. The enzyme was taken in 

eppendorf tube and loading dye was added. The solution was mixed gently. Both were 

heated in a water bath for 5 min. The protein sample was loaded in each well along with 

standard protein ladder. The process was performed for 120 min at 120 V until the 

bromophenol blue reached to the bottom of the gel. Coomassie Brilliant blue solution 

was used to stain the gel for 30 min and the gel was de-stained for 2.5 h. 

 

Characterization of partially purified amylase 

The activity of amylase enzyme was determined using a buffer of different pH range 

from 3 to 11. Similarly, the temperature effect was studied by incubating at 35, 45, 55, 

65, 75 °C and amylase activity was measured as per the assay procedure. 

 

Statistical analysis 

All assays were performed in triplicate (n = 3) and their means and standard errors 

were statistically analyzed using Graph Pad Prism Software. 

Results 

Isolation and screening of amylase producing isolates 

In current study, total 28 bacterial isolates were isolated on the basis of their 

morphology using spread plate technique from Shahdara valley Islamabad, Pakistan. 

These isolates were further screened for their amylase activity on the basis of sizes of 

clear zones by applying 1% iodine solution using starch agar media. Among these, 22 

isolates showed amylase activity ranged from a small to large zone around the bacterial 

colony (Fig. 1A, B). The amylase activities based on clear zones around the colonies are 

also reported in previous literature (Padhiar and Kommu, 2016). On the basis of their 

maximum amylase activity on specific conditions, the strains such as S5, S13, and S17 

were selected to proceed further for onward characterization. 

 

 

Figure 1. Amylase activity test. (A) Bacterial zone before addition of iodine and potassium 

iodide solution. (B) clear zone around the colonies after addition of iodine and potassium iodide 

solution 
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Morphological and molecular identification of the selected isolates 

The selected bacterial isolates were further subjected to gram staining and were 

observed as gram-positive rods and positive for spore staining. Based on their 

morphological and biochemical tests, the isolates were identified as Bacillus and 

Clostridium spp as described in Table 1. Moreover, 16S rRNA gene sequencing for 

these isolates revealed that the isolate S5, S13, and S17 have 97% similarity with 

Paraclostridium benzoelyticum, Bacillus subtilis and Bacillus tequilensis respectively 

using phylogenetic analysis (Fig. 2A-C). 

 

 

Figure 2. Phylogenetic tree of isolates from Shahdara springs. (A-C) Phylogenetic tree showing 

the interrelationships of isolates of S5, S13 and S17 and their close relatives inferred from 16 S 

rRNA gene sequence. (Evolutionary analysis was conducted in MEGA 6. Scale bar = 0.005 

changes per nucleotide position) 
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Table 1. Tentative identification of the selected isolates (n = 3) on the basis of gram staining 

and different biochemical tests 

Variables Strain 5 Strain 13 Strain 17 

Morphology Rods Rods Rods 

Gram staining  +   +   +  

Endspore staining  +   +   +  

Oxidase - - - 

Glucose test  +   +   +  

Urease test  +   +   +  

Indole test  +  -  +  

Citralase  +   +   +  

Voges-Proskauer - - - 

Catalase - - - 

Identification Clostridium Bacillus Bacillus 

 

 

Analysis of bacterial growth and amylase production 

The selected isolates were subjected to variable temperature and pH, in order to 

evaluate optimum bacterial growth as well as optimum amylase production. Among them, 

the Paraclostridium benzoelyticum strain S5 given the highest growth at pH 7 while the 

highest production of amylase at pH 5. The growth and production were also checked for 

Bacillus subtilis strain. It was observed that the maximum growth and optimum 

production of amylase enzyme were at the same pH, i.e. pH 5. However, Bacillus 

tequilensis showed the optimum growth at pH 6 and amylase production at pH 8. In 

addition, the temperature effect on the growth and production of all selected isolates were 

also checked. It was observed that the optimal temperature for growth of Paraclostridium 

benzoelyticum was 45 °C and obtained a maximum yield of amylase at 55 °C. However, 

for the Bacillus subtilis and Bacillus tequilensis, the optimum temperature of bacterial 

growth and yield was the same and reported as 55 °C (Fig. 3A-F). 

 

3 4 5 6 7 8 9 10 11
0.0

0.5

1.0

1.5

2.0

0.00

0.02

0.04

0.06

0.08

Growth (OD)

Enzyme Activity (IU/ml/min)

pH

G
ro

w
th

 (
O

D
)

A
m

y
la

s
e

 A
c

tiv
ity

 IU
/m

l/m
in

3 4 5 6 7 8 9 10 11
0.0

0.5

1.0

1.5

2.0

0.00

0.02

0.04

0.06

0.08

Growth (OD)

Enzyme Activity (IU/ml/min)

pH

G
ro

w
th

 (
O

D
)

A
m

y
la

s
e

 A
c

tiv
ity

 IU
/m

l/m
in

3 4 5 6 7 8 9 10 11
0.0

0.5

1.0

1.5

2.0

0.00

0.02

0.04

0.06

0.08

Growth (OD)

Enzyme Activity (IU/ml/min)

pH

G
ro

w
th

 (
O

D
)

A
m

y
la

s
e

 A
c

tiv
ity

 IU
/m

l/m
in

35 45 55 65 75
0.0

0.5

1.0

1.5

2.0

0.00

0.02

0.04

0.06

0.08

Growth (OD)

Enzyme Activity (IU/ml/min)

Temperature

G
ro

w
th

 (
O

D
)

A
m

y
la

s
e

 A
c

tiv
ity

 IU
/m

l/m
in

35 45 55 65 75
0.0

0.5

1.0

1.5

2.0

0.00

0.02

0.04

0.06

0.08

Growth (OD)

Enzyme Activity (IU/ml/min)

Temperature

G
ro

w
th

 (
O

D
)

A
m

y
la

s
e

 A
c

tiv
ity

 IU
/m

l/m
in

35 45 55 65 75
0.0

0.5

1.0

1.5

2.0

0.00

0.02

0.04

0.06

0.08

Growth (OD)

Enzyme Activity (IU/ml/min)

Temperature

G
ro

w
th

 (
O

D
)

A
m

y
la

s
e

 A
c

tiv
ity

 IU
/m

l/m
in

(A) (B) (C)

(D) (E) (F)

 

Figure 3. Effect of pH and temperature on bacterial growth and amylase production. (A and D) 

growth and amylase production of isolate S5, (B and E) growth and amylase production of 

isolate S13, (C and F) growth and amylase production of isolate S17 at different pH and 

temperature 
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SDS-PAGE analysis and activity of amylase enzymes 

Partial purification of amylase enzymes was performed using 80% saturation of 

ammonium sulfate. The pellet was separated by SDS PAGE and the amylase enzymes 

of the strain Paraclostridium benzoelyticum (S5), Bacillus subtilis (strain S13) and 

Bacillus tequilensis (S17) had the molecular weight of 35 kDa, 37 kDa, and 36 kDa, 

respectively (Fig. 4). 

 

 

Figure 4. SDS-PAGE analysis of partially purified amylase enzymes extracted from isolates S5, 

S13, and S17 

 

 

In order to find optimum conditions for amylase activity, the product of selected 

isolates was subjected to a gradient range of pH and temperature. The highest activity of 

amylase for both species Paraclostridium benzoelyticum strain (S5) and Bacillus 

subtilis strain (S13) was at pH 5. However, for Bacillus tequilensis strain (S17), the 

optimal pH for amylase activity was found in the ranges of pH 6-8. Moreover, the 

maximum amylolytic activity of all the three isolates was reported at the same 

temperature, i.e. 55 °C (Fig. 5A, B). 
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Figure 5. Effect of pH and temperature on amylases activity of selected bacterial isolates. (A) 

pH effect on amylase activity, (B) temperature effect on amylase activity 



Afridi et al.: Molecular characterization and production of bacterial amylases from Shahdara Spring, Pakistan 

- 2618 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 18(2):2611-2620. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1802_26112620 

© 2020, ALÖKI Kft., Budapest, Hungary 

Discussion 

Amylases are the most widely used enzymes in different industries for manufacturing 

purposes. In the food industry, amylase enzymes play a significant and leading role in 

hydrolysis of starch into dextrins and small polymers of glucose. In addition, amylases 

are widely applicable to other industries such as textile and pulp (Gupta et al., 2003). 

Microbial sources, for examples, bacteria, and fungi, are the most preferred sources to 

harvest amylase enzymes due to the ease of cultivation, shorter generation time, smaller 

space requirements and efficient purification procedures (Burhan et al., 2003). In this 

study, the amylase producing bacterial isolates are explored for the first time in the 

rarely explored Shahdara springs, Pakistan. In total, 28 bacteria were isolated and 

among these, 22 bacterial isolates showed amylase activity ranged from small to large 

zone around the bacterial colony. Three best amylase producing strains, S5, S13, and 

S17, were selected for onward characterization based on their high amylase activity, in 

other words, starch degradation potentials, as depicted in Figure 1A-B. The 

morphological and biochemical characteristics revealed differences in bacterial diversity 

of Shahdara springs. 16 sRNA gene sequencing provided the precise identifications of 

microbes, revealing that the three selected strains S5, S13 and S17 are Paraclostridium 

benzoelyticum, Bacillus subtilis and Bacillus tequilensis, respectively. The amylase 

enzymes collected in the pellet after ammonium sulfate precipitation was separated by 

SDS PAGE and three bands of similar sizes ranging from 35 kDa to 37 kDa were 

obtained on the gel. The molecular sizes of the amylases in the literature varied mainly 

depending on the microbial sources from which enzymes were purified. We have 

reported the bacterial amylase from a different source such as salt mines of Karak, 

which had a molecular weight of 50 kDa (Shah et al., 2017). 

Intriguingly, temperature and pH conditions for the highest bacterial growth did not 

always correspond to those of the highest amylase yield. The best bacterial growth and 

amylase yield of Paraclostridium benzoelyticum (S3) were at pH 7 and 5. Bacillus 

tequilensis (S17) also revealed the maximum growth and enzyme production at different 

pH values, 6 and 8. Similar results in the same species were reported by Khan and 

Gupta (2011) They reported the best growth and enzyme production of Bacillus 

tequilensis were achieved at pH 7 and 10, respectively (Khan and Gupta, 2011). 

However, the Bacillus subtilis (S13) showed the best growth and amylase production at 

the same pH 5 (Fig. 3A-F). In the previous work of our laboratory, the same condition 

for optimum growth and enzyme production of proteases produced by Pseudomonas 

aeruginosa strain collected from coal mines was reported (Afridi et al., 2019). Taken 

together, these results indicate that there is no direct relationship between the growth 

and production of enzymes. 

In a similar fashion, the effect of temperature on amylase production and bacterial 

growth was evaluated as well. It is characterized that the Bacillus subtilis and Bacillus 

tequilensis strains have the maximum growth and enzyme production at the same 

temperature, 55 °C. However, Paraclostridium benzoelyticum strain grew well at 45 °C, 

whereas the optimum temperature for enzyme production was 55 °C (Fig. 3A-F). The 

amylase enzymes activity has also been reported for Bacillus sp. WA21 at 55 °C which 

is supported here by our findings (Wajeeha et al., 2011). 

Furthermore, the amylase activity of the three isolates was studied on various pH and 

temperature conditions. The two isolates, Bacillus subtilis (S5) and Paraclostridium 

benzoelyticum (S13), showed the highest amylase activity in the same conditions, pH 5 

and 55 °C (Fig. 5A, B). This revealed the acidic and thermophilic nature of the amylase 
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enzymes produced by these bacteria. The third isolate Bacillus tequilensis (S17) had the 

highest amylase activity at the same temperature, but the optimum pH was in a range of 

6-8. These unique acid-stable and thermo-stable amylases can be used in unavoidable 

acidic and high temperature conditions frequently occurred in fermentation, food 

processing, and pharmaceutical manufacturing. Together, this study revealed that 

Shahdara springs are the rich source of microbial enzymes of diverse nature and of 

biotechnological importance. 

Conclusion and future studies 

In total, 22 amylase producing bacteria were isolated from the rarely explored 

Shahdara springs and the three best producers were identified and characterized as 

Paraclostridium benzoelyticum (S5), Bacillus subtilis (S13) and Bacillus tequilensis 

strain (S17). The two isolates Paraclostridium benzoelyticum (S5), and Bacillus subtilis 

(S13) have surprisingly revealed the same optimum conditions for amylase enzymes 

activity such as pH 5 and temperature 55 °C. This revealed the acidic and thermophilic 

nature of amylases produced by these isolates which can be of high importance at acidic 

and high temperature operational conditions in bio-industrial applications. On the basis 

of previous studies, it has been recommended that most of the springs located in 

Pakistan, possessed valuable bacterial flora that need to be explored for enzymes using 

metagenomics-based approaches for various bio-industrial applications. 
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