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1. Introduction

Alpha-amylase is a hydrolytic enzyme of primary 
metabolism that catalyses the breakdown of α-1,4-
glycosidic linkage of glucose in starch, liberating glucose 
and/or maltose. It is a metaloenzyme that can be either 
exohydrolase (Gupta et al., 2003; Sundarram and Murthy, 
2014) or endohydrolase (Yang  et  al.,  2017). Majority 
of α-amylases have two aspartate and one glutamate 
amino acids that play an essential role in catalysis 
(Sarian et al., 2017). The α-amylases can have eukaryotic 
archaeal, or bacterial origin, the latter having highest 
diversity and being at the higher evolutionary distance from 
the eukaryotic enzymes. Physiologically, the α-amylases 

play an important role in the digestion of starch in the 
human body (Mehta and Satyanarayana, 2016; Yan and Wu, 
2017; Ahmed et al., 2021). The α-amylases are important 
products obtained from the living organisms that have a 
wide range applications in clinical, pharmaceutical and 
other industries. These days, the chemical hydrolysis 
of starch on the industrial scale has been replaced by 
amylase catalyzed processing. Amylases have great 
value in the textile, fermentation, food, paper and 
other industries (Pandey et al., 2000). This is the most 
frequently used industrial enzyme which counts about 
25% of total enzyme market worldwide (Sidhu et al., 1997; 
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Rao et al., 1998). Amylase is an essential ingredient in the 
current vegetable, fruit and juice industries to aid juicing, 
peeling, to make the clear extract and improve the quality 
(Kumar, 2015; Garg et al., 2016). In particular, the cloudy 
and thick juices are clarified by the application of amylases 
along with pectinases and cellulases (Allan et al., 1997; 
Sivaramakrishnan  et al.,  2006). Starch paste is applied 
in warping in textile industries during weaving, to give 
strength to the thread and avoids the loss of strings by 
friction. The starch layer is removed to make the cloth 
smooth by the application of amylase. Alpha-amylase is 
applied in textile industries for desizing and removing 
starch before dying (Asgher et al., 2007; Zafar et al., 2019). 
The bacterial enzymes have a wide optimal temperature 
range for their activity starting from less than ~25°C to 
around 100°C. Similarly, the pH for optimum activity of 
α-amylases of bacterial origin can be from 1 to 11.5 (Yan 
and Wu, 2017). These properties make amylases from 
moderately thermophilic bacteria more suitable to be 
used at industrial temperatures (Ghasemi  et  al.,  2015; 
Saini et al., 2017). Recombinant DNA technology has made 
it possible to fulfil the ever increasing demands of amylase 
in the industries (Zeigler, 2014). Recombinant microbial 
sources more satisfy the industrial demands since last 
three decades. Geobacillus is a genus including aerobic 
and facultatively anaerobic, rod-shaped, spore-forming 
microbes. The members of this group can grow at a wide 
range of temperatures from 35oC to 80oC. However, of the 
species grow at the temperature range between 45°C and 
70°C. These features make Geobacilli the attractive source 
of enzymes and proteins produced in the biotechnology 
industry (Wang et al., 2019). The present research describes 
the biochemical and in silico studies of recombinant alpha-
amylase from Geobacillus thermodenitrificans DSM 465.

2. Materials and Methods

2.1. Materials

All the chemicals and kits for PCR, DNA restriction, 
cloning, plasmid isolation, gel DNA elution, plasmid 
restriction, purification and characterization of enzyme 
were obtained from Thermo and Sigma-Aldrich. The 
genomic DNA of a bacterial strain to be used as the source 
of genes were obtained from DSMZ Germany.

2.2. PCR amplification and cloning

T h e  ge n e  c o mp r i s i n g  o f  a b o u t  170 0  b p 
was PCR amplified using the primers sequence 
5 ’ - g c a t a t g a g g a a a c a a a c t a t a t t g c c g c a - 3 ’ a n d 
5’-aatgaattctcatcgatccgccttgac-3’ with NdeI and EcoRI 
restriction sites. The gene was ligated into the pTZ57R/T 
plasmid and bacterial cells were transformed using the 
procedure provided by Thermo Scientific. InsTAclone 
PCR Cloning Kit. #K1214). Successful transformants were 
initially selected on the basis of blue-white colonies on 
LB agar medium containing 100µg/ml ampicillin, 0.5mM 
β-D1-thiogalactopyranoside (IPTG), and 50mg/ml of 
5-Bromo-4-chloro-3-indolyl β-D-galactopyranoside (x-gal). 

The plasmids were confirmed by restriction analysis. 
The amylase gene restricted out from pTZ-amy+ as two 
fragments as there is a restriction site for NdeI at about 
880bp downstream to the start codon, both of the fragments 
were purified from the agarose gel, ligated and subcloned 
into pET21a (+) plasmid restricted with the same pair of 
enzymes to prepare recombinant plasmid pET21-amy+.

2.3. Expression of amylase gene in E. coli

E. coli cells BL21 (DE3) cells were transformed by 
ligation mixture containing the recombinant plasmid 
pET21-amy+. An individual bacterial colony was grown 
in the LB broth medium supplemented with ampicillin 
(100 μg/mL) in an incubating shaker adjusted at 200 rpm 
and 37°C. The  enzyme was produced in the medium 
containing 0.5mM IPTG incubated for 3.5 hours. Bacterial 
cells transformed with a plasmid pET21-amy- was grown 
and analyzed as the negative control.

2.4. Purification and kinetic properties of amylase

The bacterial culture was centrifuged at 7000 x g for 
5 min, precipitate was resuspended in the buffer solution A 
(20mM Tris-HCl pH 8.0). The cells were sonicated, and clear 
supernatant was obtained by centrifugation at 12,000 × g. 
The activity of enzyme was measured in the clear solution 
and further processed for enzyme purification by selective 
precipitation with chilled ethanol followed by dialysis and 
DEAE-Sephadex chromatography. The enzyme sample 
dialyzed in the same buffer was loaded onto the colum at 
a flow rate of 2ml per minute. The protein contaminations 
were washed with buffer A and target protein was eluted 
by a linear NaCl gradient 0 to 0.5M. Fractions containing 
3  mL of enzyme sample were collected manually and 
further analysed.

The enzyme activity was measured by a method 
based on dinitrosalicylic acid (DNS) (Wang et al., 2019; 
Zafar  et  al.,  2019). Standard curve for known maltose 
concentrations was prepared. The enzyme dilution (50 to 
100 µL) was mixed with 2 mL of starch solution prepared 
in 50mM buffer A. adjusted at 70°C and incubated for 
5 min. The reaction mixture was added with 1 mL of DNS 
reagent and incubated for 5 min in the boiling water in 
a water bath. The amount of maltose was measured by 
absorbance at 540 nm. The amount of enzyme that can 
liberate one micromole of reducing sugar from starch 
under our assay conditions was considered as one unit. 
The enzyme stability and activity was determined at 
different pH levels (4.5 to 10) and temperature ranging 
from 40°C to 90°C. Total protein content of final solution 
was determined by Bradford method (Bradford, 1976). 
The enzyme activity was measured under linear increase in 
the starch concentration, Lineweaver-burk plot procedure 
was used to determined KM and Vmax values.

2.5. Textile desizing ability of enzyme

The starch removing ability of enzyme was determined 
by using a piece of cotton grey cloth coated with starch 
paste. The cloth was subjected to thermal aging at 80°C 
for 10 days solidification. The cloth, coated with starch 
was subjected to boiling water for one to two minutes 
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to activate the starch layer. Three cotton cloths (5x8 cm) 
coated with starch were used in the study. Pre and post-
treatment weight of starch coated cloth was determined. 
The material was immersed for 1 hour in 100 mL aqueous 
buffer solution (100 mM Tris-HCl, pH 8) adjusted at 70°C 
containing 200 U of α-amylase. The fabric strip was dried 
in the oven post enzyme treatment and its weight was 
determined. The weight of starch removed was calculated 
by subtracting the final weight from initial weight of the 
cloth. The amount of hydrolysed starch was assessed 
after enzymic treatment of fabric cloth by determination 
of maltose using DNS (3, 5-dinitrosalicylic acid) reagent 
method (Saha et al., 2018). The changes in weight of pre 
and post treated cloth was also used for the determination 
of starch by using following formula 1:

%age Starch Removal = W3–W1/W2–W1  x 100[ ] 	 (1)

Where, W1 is weight (mg) of fabric before application of 
starch, W2 of weight of fabric with starch paste applied, 
W3 is weight of cloth after enzyme treatment.

2.6. In silico 3-D structure determination of amylase

The 3-dimensional structure of the protein was generated 
using I-TASSER (Yang and Zhang, 2015), Swiss-Model 
(Waterhouse et al., 2018), and Raptor-X (Källberg et al., 2012) 
servers, these programs were used to generate the best quality 
score model, due to the absence of a significant match (27%) 
with structure available in the PDB database. The quality 
score of the model built was validated by server quality 
parameters and Ramachandran plot (Furnham et al., 2006). 
The model generated by Raptor-X was found to have best 
quality, which has been selected for docking.

2.7. Molecular docking analysis

Molecular Operating Environment (MOE) software 
was applied for molecular docking studies (Sapundzhi, 
F.I., Dzimbova, 2018). The selected ligands were analysed, 
energy was minimized and all atoms were partially 
charged, protein 3D structure automatically quickly 
prepared by MOE. The active site was determined and 
isolated by MOE site finder. The docking was based on 
minimum energy calculation, best fit poses in the cavity, 
and distance of hydrogen bonds between ligands and 
receptor. The best pose was selected for each ligand i.e. 
amylose, amylopectin, starch, glycogen and maltose etc. 
Chimera software (Pettersen et al., 2004) was used for 
visualization and calculations of ligands and protein 
interaction and estimation of H-bonds distances.

3. Results

3.1. Production, purification and kinetics of amylase

The recombinant alpha amylase was successfully 
produced in E. coli cells under T7 promoter system. 
It was purified and gave a protein band at about 63kDa 
on SDS-PAGE (Figure 1). The specific activity of purified 
enzyme was 153.6 U/mg, it was purified to 12.5 folds with 

54.13% final recovery (Table 1). The optimum activity of 
amylase was measured at 70°C and pH 8. The KM value of 
enzyme was found 157.7µM, Vmax 333.3 micromoles/min, 
and Vmax/KM ratio was 2.11 (Figure 2).

3.2. Textile fabric desizing by amylase

The textile desizing ability of recombinant enzyme 
was determined by using cotton fabric coated with starch 
paste. According to the weight estimation method, up to 
95% starch was hydrolysed by the enzyme. There was no 
further increase in the liberated maltose concentration 
after 45  minutes of enzyme treatment indicating the 
maximum hydrolysis of starch.

3.3. 3D modelling of protein structure

The best model was generated by Raptor-X server, the 
input was predicted as one domain, that match the best 
template 3ueqA, p-value 2.33e-14, all alpha-amylase 565 
(100%) residues were modelled, 6 (1%) positions were 
predicted as disordered. Secondary structure comprised 
31% of α-helix, 15% β-sheet, and 52% loop. The solvent 
access distribution indicated, 30% E residue, 27%M, and 41% 
B (Figure 3). I-TASSER model displayed about 98% residues 
in the expected region, 71.2% residues in allowed region, and 
18.5% residues in outlier region. Swiss-Model model score 
confirmed 90.2%, 6.6%, and 3.2% residues in the expected 

Figure 1. SDS-PAGE photograph indicating the expression and 
purification of alpha amylase. Lane C- control experiment 
(without gene), Lane-M. Protein marker (ThermoFisher Scientific 
PageRulerTM Prestained Protein Ladder, 10 kDa to 180 kDa), Lane 
E, experimental with expression of gene, Lane P, partially purified 
enzyme alpha amylase. The molecular weight of the purified 
enzyme was found as 63 kDa on SDS-PAGE.
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regions in a model. Raptor-X model scored 91.5% residues 
in the expected region, 5.7% residues in allowed region and 
only 2.8% in the outer range. 3D structure of the protein was 
validated by Ramachandran plot (Figure 4). The conservation 
of amino acid residues in the protein structure was 
determined by ConSurf server (Celniker et al., 2013).

3.4. Molecular docking analysis

Five ligands were analysed for their binding affinities 
with 3D model of amylase. All of these molecules formed 

weak to strong hydrogen bonds (distance was less than 
2.86Å) with Asp 232, Arg448, Glu385, Asn276 and, Arg173 
residues. With the highest RMSD value (2.44). A pose 
with RMSD less than 2 Å are considered as the best suited 
for a structural model for dockings studies, the values 
between 2 to 3 Å are also considered as reliable models 
(Wang et al., 2016). Amylopectin interacted most strongly 
with protein with binding energy equal to ∆G -10.59 and 
formation of six side-chain H-bonds (distance 1.7 to 2.3 Å), 
as interacting amino acids (Figure 5). Glycogen interacted 

Table 1. Enzyme activity, total protein content, specific activity, percentage yield and fold purification of recombinant amylase from 
Geobacillus thermodenitrificans DSM-465. The amount of enzyme that can liberate one micromole of maltose from starch under our 
assay conditions is known as one unit of enzyme.

Purification step
Enzyme 
activity 
(U/ml)

Total 
protein 
content 
(mg/ml)

Specific 
activity 
(U/mg)

Total units
Percentage 

recovery
Fold 

purification

Crude extract 75.7 5.8 12.3 4497.9 100 1

Dialyzate of ethanol precipitate 180 6.16 29.2 4015 89.26 2.4

DEAE - Sephadex Colum 169 1.10 153.6 2435 54.13 12.5

Figure 2. Enzyme kinetics. (A) The effect of temperature on the enzyme stability; (B) determination of KM and Vmax values of purified 
alpha-amylase using Lineweaver-Burk plot; (C) The effect of reaction mixture temperature on the enzyme activity indicating an optimum 
temperature of 70°C; (D) The effect of pH on the enzyme activity, showing maximum activity at pH 8.
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with protein scored ∆G -10.41, formed 9 side-chain H-bonds 
(distance 1.8 to 2.88 Å) (Supplementary Material). Starch 
strongly interacted with protein with binding energy 
equal to -10.04 and formation of six side-chain H-bonds 
(distance 1.7- 2.3 Å, (Supplementary material). Amylose 
scored ∆G -7.49 binding energy and formed ten side-chains 
H-bonds (distance 1.8-2.8 Å) (Supplementary material). 
Maltose scored the lowest binding energy (∆G -2.8) and 
showed five side-chain interacted H-bonds (distance 1.78 to 
2.5 Å) (Supplementary material). The detailed parameters 
indicating the molecular docking affinities between the 
enzyme and possible binding molecules are shown (Table 2).

4. Discussion

Amylase are essential enzyme used in carbohydrate 
metabolism by the hydrolysis of glycosidic bonds. 
This enzyme is widely distributed in natural world 
(Saburi et al., 2015) such as in plant, animals, fungi and 
bacteria (Ribeiro et al., 2000; Hagihara et al., 2001). Amylase 
have a lot of industrial applications (Bassinello et al., 2002) 
including starch and its derivative industries like, 
detergent, textile, bakery, fermentation, paper making, 
ethanol production, food and brewing industry 
(Schroder et al., 2015). The objective of the present study 
was recombinant production, purification and properties 
of a - amylase from Geobacillus thermodenitrificans DSM-

Figure 3. 3-dimentionsl protein structure of alpha-amylase built by Raptor-X software. α-helices are indicated by red, β-sheet by yellow 
and random coils by white. The protein structure consists of a single monomer.

Table 2. Molecular docking analysis results, indicating the ID ligands and scores of different parameters.

Ligand
PubChem 

ID
S

RMSD-
refine

E-conf E-place E-score1 E-refine E-score2

Amylopectin 439207 -10.59 2.44 423.3532 -136.60 -11.77 -55.13 -10.594

Glycogen 439177 -10.41 1.705 409.2331 -136.849 -10.78 -61.20 -10.416

Starch 24836924 -10.04 2.423 339.1982 -135.81 -10.88 -49.59 -10.045

Amylose 53477771 -7.49 1.638 185.2319 -82.706 -11.55 -37.82 -7.496

Maltose 439341 -2.8 1.672 179.7740 -93.611 -14.54 -36.19 -2.899

S = the final score indicating affinity of enzyme with the substrate, RMSD_refine = the mean square deviation between the laying before 
refinement and after refinement pose, E_conf = energy conformer, E_place = score of the placement phase, E_scor1 = score the first step of 
notation, E_refine = score refinement step and number of conformations generated by ligand, E_scor2 = score the first step notation, number 
of poses = Number of conformations.
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465. A wide range of genes coding for alpha amylase with 
different size and sequence has been reported in the 
literature which constitute the amylase pool from known 
sources (Ju et al., 2019). The gene coding for alpha amylase 
from G. thermodenitrificans DSM-465 was PCR amplified 
and about 1700 bp PCR product was found on agarose 
gel. The gene was ligated in to pTZ57R/T plasmid by T/A 
cloning kit method (Thermo Scientific. InsTAclone PCR 
Cloning Kit #K1214), the ligation mixture was used for 
the transformation of E. coli cells. The subsequent white 
colonies were screened for the presence of recombinant 
plasmid by restriction analysis. The restricted amylase gene 
was subcloned into pET21a (+) plasmid vector. The white 
colonies were reconfirmed by the plasmid isolation and 

restriction analysis. The enzyme was expressed in the 
culture medium containing 0.5mM IPTG. IPTG is most 
preferred substance for the induction of recombinant 
proteins under T7 promoter system. Different IPTG 
concentrations ranging from 0.1mM to 1mM have been 
optimized in different studies with different proteins 
(Katzke  et  al.,  2010; Fazaeli  et  al.,  2019). On SDS-PAGE 
the enzyme exhibited a molecular weight of 63 kDa 
(Figure 1). The molecular weight determined by SDS-
PAGE was slightly lower than the theoretical molecular 
weight (65694.27 Da) of enzyme calculated from its 
primary structure by ProtParam software. Amylases with 
a range of molecular weights have been reported in the 
literature. Enzyme with molecular weight of 12.2 kDa 

Figure 4. Ramachandran plot for validation of alpha-amylase enzyme 3D structure generated by Raptor-X server.
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from Geobacillus sp. (Febriani et al., 2019), 30 kDa from 
Trichoderma pseudokoningii (Abdulaal, 2018), 68 kDa 
from Bacillus subtilis (Trabelsi et al., 2019), 73 kDa from 
Dociostaurus maroccanus (Rafiei et al., 2016), 45 kDa from 
Bacillus sonorensis (Vyas et al., 2019) have been reported.

The enzyme being reported in the present report 
has shown optimum activity at pH 8, 700C. It was stable 
at a pH range from 5 to 10 and higher temperatures 
(Figure 2). Enzymes with optimum activity at pH 5 to 8 
and temperature between 30 to 90°C have been reported 
from many sources (Baltas et al., 2016; Hu et al., 2019; 
Naidu et al., 2019; Fang et al., 2019; Al-Dhabi et al., 2020). 
The KM value of recombinant enzyme was 157.7µM and Vmax 
was found 333.3 micromoles per minute as determined 
by Lineweaver-burk plot and subsequent calculations. 
Amylases with different KM and Vmax values have been 
reported from different species. As for example, the enzyme 
from Trichoderma pseudokoningii has KM and Vmax of 
0.74µM reducing sugar and 4mg of starch respectively 
(Abdulaal, 2018), these values were reported 37.3 mM 
and 19.8 U/mg for the enzyme isolated from Paenibacillus 
sp (Roth et al., 2019), 1347 μmol/mg/min and 3.46 mmol/
ml for the amylase purified from Bacillus  sonorensis 
(Vyas  et  al.,  2019) The enzyme was efficiently applied 
for the desizing of textile at high temperatures and it 
was able to remove up to 95% of starch from the cotton 
fabric. In silico studies have shown that the enzyme 
exists as a monomer in Geobacillus. Monomeric amylases 
have been reported in literature from various species 
(Febriani et al., 2019; Roth et al., 2019). The 3D model was 
built by Raptor-X software (Källberg et al., 2014) (Figure 3) 
and validated by Ramachandran plot (Laskowski et al., 2013; 
Pražnikar et al., 2019) (Figure 4). The molecular docking 

studies have indicated a higher affinity of enzyme for 
starch, amylopectin and glycogen molecules. With higher 
energy changes, amylopectin (∆G  -10.59  Kcal/mole) 
(Figure 5), Glycogen (∆G -10.41Kcal/mole) (Supplementary 
material), and Starch (∆G -10.04 Kcal/mole) (Supplementary 
material), indicating that starch, glycogen and amylopectin 
establish more stable interaction with the enzyme 
cavity. Maltose has the lowest binding affinity with the 
enzyme with estimated binding energy ∆G -2.8 Kcal/mole 
(Supplementary material), (Table 2). Amylase with ability 
to degrade starch and glycogen molecules have been 
reported in the literature (Van der Maarel et al., 2002; 
Reddy et al., 2003; Yan and Wu, 2017). According to our 
molecular docking studies, Asp232, Glu274, Arg448, 
Glu385, Asp34, Asn276, and Arg175 are the main 
residues interacting with the protein partner molecules. 
These  findings suggest an active site for the enzyme. 
Asp and Glu residues have been reported as the active site 
amino acids of amylase from human pancreas and other 
species (Brayer et al., 2000). In conclusion, α - amylase 
from Geobacillus thermodenitrificans DSM-465 has been 
produced in E. coli by recombinant DNA technology, purified 
and characterized for its kinetic properties. The enzyme is 
stable at a pH between 6 to 10 and 55 to 80°C temperature 
which makes it a good candidate for industrial applications. 
In silico model and molecular docking studies have been 
used to predict the 3D structure and active site residues 
of subject. The enzyme has shown high efficacy to desize 
the cotton fabric indicating its potential application in the 
industry. The report will add to the body of knowledge 
about amylase from this species in particular and about 
amylases in general.

Figure 5. The interaction of amylopectin (PubChem ID - 439207) and alpha-amylase enzyme active site. The left figure is built by 
Chimera and the right by MOE software.
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