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Abstract: Due to advancements made in biotechnology, genetic manipulation and medium 

optimization has been possible and that has led to high yield in enzyme especially α-amylase 

with improvised properties that find its application suitably in detergent, laundry and starch 

processing industries. Various species of the genus Bacillus produce α-amylases with varying 

properties. The amylases that find application miraculously in different fields can be easily 

obtained from plant, animal and microbial sources. Out of the three sources, microbial source 

especially the genus Bacillus is extensively studied for its ability to produce the enzyme. In the 

present study, protein sequences of primarily identified α-amylase producing Bacillus spp. 

were retrieved from protein database of National Center for Biotechnology Information. 

Multiple sequence alignment was performed and construction of Phylogenetic tree among 

these sequences was carried out using Neighbor-joining method; data sets based on 1000 re-

samplings in molecular genetics evolutionary analysis. 
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Introduction  
Commercially α-amylases are applied in dairy, soft drinks, chocolates, pharmaceuticals, food 

processing, leather, textile, paper, wine, meat, fish processing industries and are mainly 

produced from the genus Bacillus. Among many species, B. subtilis, B. stearothermophilus, 

B. licheniformis and B. amyloliquefaciens are reported extensively as industrial amylase 

producers because of the limited space and short period of time required for their cultivation 

and their feasibility to genetic manipulation [3, 6, 7, 10-12]. Bacillus sp. is an industrial 

important microorganism because of its rapid growth rate, secretes enzyme into the 

extracellular medium and safe handling [14]. 

 

Phylogenetic analysis is a standard tool in any molecular biologist’s bioinformatics toolkit that, 

in the context of protein sequence analysis, enables to study the evolutionary history and change 

of proteins and their function. Such analysis is essential to understanding major evolution such 

as the origins and history of macromolecules, developmental mechanisms, phenotypes, and life 

itself. Phylogenetic analysis of protein sequence data is integral to gene annotation, prediction 

of gene function, the identification and construction of gene families, and gene discovery. 

Phylogenetic trees are mathematical structures that depict the evolutionary history of a group 

of organisms or genes. A typical phylogenetic analysis of protein sequence data involves five 
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distinct steps [9]: (a) data collection, (b) inference of homology, (c) sequence alignment, (d) 

alignment trimming, and (e) phylogenetic analysis. 

 

Phylogenetic methods for comparative analysis of protein sequences become vital with the 

rapid accumulation of molecular sequence detail. Phylogenetic analysis helps to find out the 

nature and extent of selective forces that shape the evolution of genes and species [4]. 

 

In the present study α-amylase producing B. cereus (60 spp.), B. flexus (12 spp.) and other 

different groups were selected. Comparative analysis of molecular sequence data was 

performed using MEGA 6.0 for understanding the evolutionary histories of species. 

 

Materials and methods 

Protein sequence retrieval 
Microbial α-amylase protein sequence of bacterial isolates was retrieved from protein database 

of NCBI (http://www.ncbi.nlm.nih.gov). 
 

Phylogenetic tree construction 
Protein sequences of primarily identified α-amylase producing Bacillus spp. were retrieved 

from protein database of National Center for Biotechnology Information (NCBI) web server to 

perform sequence analysis. Multiple sequence alignment and construction of Phylogenetic tree 

among these sequences were performed using Neighbor-joining (NJ) method; data sets based 

on 1000 re-samplings in Molecular Genetics Evolutionary Analysis (MEGA) 6.0 package [13]. 

 

Physiochemical parameter analysis 
ExPASy server was used to analyze the physiochemical properties of amylase protein in 

FASTA formed [1]. Different tools of the proteomic server such as ProtParam and Computer 

pI / MW were applied to figure out different physiochemical properties of bacterial amylase 

like amino acids number, molecular weight, pI, atomic compositions, instability index, aliphatic 

index and Grand average of hydropathicity (GRAVY). 

 

Results and discussion 

Sequence analysis 

A total of sixty α-amylase protein sequences belonging to B. cereus, twelve protein sequences 

belonging to B. flexus and thirty one belonging to different spp. of genus Bacillus were taken 

for analysis. Multiple sequence alignment of α-amylase protein sequences of different group of 

bacteria showed the conserved pattern of the amino acid residues (Fig. 1). The conserved 

regions observed in amino acid positions ranging from 1-165, 185-240 and 275-350 in the 

alignment windows. The conserved pattern will be useful for structural and functional analysis 

of α-amylase protein and the resultant consensus sequence may be used to identify other 

members of the family. 

 

Phylogenetic tree construction and divergence study 
Three NJ based phylogenetic trees of α-amylase producing group i.e., B. cereus (60 spp.), 

B. flexus (12 spp.) and other different groups is depicted in Figs. 2, 3 and 4, respectively. 

These 60 numbers of α-amylase protein sequences of different strain of B. cereus were clustered 

into 3 groups: two major and a minor group while the twelve protein sequences of α-amylase 

producing B. flexus clustered into two groups. Thirty one α-amylase producing bacterial spp. 

including Bacillus spp. were studied to understand the divergence between different genera of 

bacteria involved in α-amylase production.  

http://www.ncbi.nlm.nih.gov/
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Fig. 1 Multiple sequence alignment showing conserved residues among bacterial α amylase 

 

It was observed that most of the Bacillus were clustered into one group whereas Paenibacillus 

in other group. B. flexus closely related to B. megaterium while B. cereus and B. thuringensis 

were diverged from same node and closely related. The objective of studying divergence is to 

understand α-amylase producing bacterial diversity at protein level. These clusters indicated 

the functional as well as the structural similarities among the various Bacillus spp. with respect 

to α-amylase protein sequence though the strains may be distantly related. Distance matrix for 

different α-amylase producing bacterial spp. is presented in Fig. 5. 
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Fig. 2 Phylogenetic tree of α-amylase protein sequences from different strains  

of B. cereus constructed by NJ method 

 

 gi|446842395|ref|WP 000919651.1| alpha-amylase Bacillus cereus

 gi|487920633|ref|WP 001994099.1| alpha-amylase Bacillus cereus

 gi|859512781|gb|KMP36836.1| alpha-amylase Bacillus cereus

 gi|859572279|gb|KMP94433.1| alpha-amylase Bacillus cereus

 gi|487915871|ref|WP 001989337.1| alpha-amylase Bacillus cereus

 gi|859544229|gb|KMP67196.1| alpha-amylase Bacillus cereus

 gi|983222569|gb|KWU62782.1| alpha-amylase Bacillus cereus

 gi|983301532|ref|WP 060487842.1| alpha-amylase Bacillus cereus

 gi|859554484|gb|KMP77109.1| alpha-amylase Bacillus cereus

 gi|446836734|ref|WP 000913990.1| alpha-amylase Bacillus cereus

 gi|488000695|ref|WP 002072545.1| alpha-amylase Bacillus cereus

 gi|446842394|ref|WP 000919650.1| alpha-amylase Bacillus cereus

 gi|446836559|ref|WP 000913815.1| alpha-amylase Bacillus cereus

 gi|859587107|gb|KMQ08964.1| alpha-amylase Bacillus cereus

 gi|446398557|ref|WP 000476412.1| alpha-amylase Bacillus cereus

 gi|728877509|gb|AIY73296.1| alpha-amylase Bacillus cereus

 gi|633261584|gb|KDB40146.1| alpha-amylase Bacillus cereus

 gi|487895930|ref|WP 001969396.1| alpha-amylase Bacillus cereus

 gi|446842391|ref|WP 000919647.1| alpha-amylase Bacillus cereus

 gi|446842392|ref|WP 000919648.1| alpha-amylase Bacillus cereus

 gi|859535828|gb|KMP59056.1| alpha-amylase Bacillus cereus

 gi|446842386|ref|WP 000919642.1| alpha-amylase Bacillus cereus

 gi|488089599|ref|WP 002160996.1| alpha-amylase Bacillus cereus

 gi|488039633|ref|WP 002111030.1| alpha-amylase Bacillus cereus

 gi|488075031|ref|WP 002146428.1| alpha-amylase Bacillus cereus

 gi|446842385|ref|WP 000919641.1| alpha-amylase Bacillus cereus

 gi|488016263|ref|WP 002087662.1| alpha-amylase Bacillus cereus

 gi|488071216|ref|WP 002142613.1| alpha-amylase Bacillus cereus

 gi|488066204|ref|WP 002137601.1| alpha-amylase Bacillus cereus

 gi|488118903|ref|WP 002190300.1| alpha-amylase Bacillus cereus

 gi|488093923|ref|WP 002165320.1| alpha-amylase Bacillus cereus

 gi|859504828|gb|KMP29041.1| alpha-amylase Bacillus cereus

 gi|446836733|ref|WP 000913989.1| alpha-amylase Bacillus cereus

 gi|446398559|ref|WP 000476414.1| alpha-amylase Bacillus cereus

 gi|166237003|gb|ABY86223.1| alpha amylase Bacillus cereus

 gi|859602466|gb|KMQ23922.1| alpha-amylase Bacillus cereus

 gi|446398554|ref|WP 000476409.1| alpha-amylase Bacillus cereus

 gi|859497182|gb|KMP21572.1| alpha-amylase Bacillus cereus

 gi|763434386|gb|KIZ29009.1| alpha-amylase Bacillus cereus

 gi|859550214|gb|KMP72963.1| alpha-amylase Bacillus cereus

 gi|446398555|ref|WP 000476410.1| alpha-amylase Bacillus cereus

 gi|446398556|ref|WP 000476411.1| alpha-amylase Bacillus cereus

 gi|976144964|ref|WP 059303551.1| alpha-amylase Bacillus cereus

 gi|446398552|ref|WP 000476407.1| alpha-amylase Bacillus cereus

 gi|859594179|gb|KMQ15852.1| alpha-amylase Bacillus cereus

 gi|706246095|gb|KGT43012.1| alpha-amylase Bacillus cereus

 gi|857303918|gb|KMN73770.1| alpha-amylase Bacillus cereus

 gi|859511619|gb|KMP35726.1| alpha-amylase Bacillus cereus

 gi|446398547|ref|WP 000476402.1| alpha-amylase Bacillus cereus

 gi|446398549|ref|WP 000476404.1| alpha-amylase Bacillus cereus

 gi|924567780|gb|ALC52023.1| alpha-amylase Bacillus cereus

 gi|446399046|ref|WP 000476901.1| alpha-amylase Bacillus cereus

 gi|859580774|gb|KMQ02737.1| alpha-amylase Bacillus cereus

 gi|859531687|gb|KMP55017.1| alpha-amylase Bacillus cereus

 gi|516252348|ref|WP 017656311.1| alpha-amylase Bacillus cereus

 gi|446582187|ref|WP 000659533.1| alpha-amylase Bacillus cereus

 gi|446582181|ref|WP 000659527.1| alpha-amylase Bacillus cereus

 gi|446582179|ref|WP 000659525.1| alpha-amylase Bacillus cereus

 gi|859585593|gb|KMQ07467.1| alpha-amylase Bacillus cereus

 gi|872713224|ref|WP 048564011.1| alpha-amylase Bacillus cereus
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Fig. 3 Phylogenetic tree of α-amylase protein sequences from different strains  

of B. flexus constructed by NJ method 

 
Physiochemical parameter analysis 
The physiochemical features of the bacterial (Bacillus spp.) α-amylase protein sequences were 

listed in Table 1. The total no of amino acid residues ranged from 482 to 688 with variable 

molecular weight. The pI values showed small scale variability which ranged between  

4.39-5.83.  

 

The other physiochemical properties such as number of negatively charged amino acid residues 

(Aspartic acid and Glutamic acid), positively charged amino acid residues (Arginine and 

Lysine) and GRAVY of the amylase protein sequences showed a wide range of variability. 

The measurement of the relative volume occupied by aliphatic amino acid residues viz., alanine, 

valine, leucine and isoleucine was defined as the aliphatic index and the thermo stability of a 

globular protein was directly proportional to that of aliphatic index [5].  

 

The analyzed α-amylase protein sequences were thermostable based on high value of aliphatic 

index. In vivo, half-life of a protein was calculated in the form of instability index [2]. Previous 

reports claimed that the proteins with instability index more than 40, showed the half-life period 

of less than 5 h whereas proteins with less than 40 instability index showed half-life period of 

16 h [8]. In our study, the instability index values of studied amylase protein sequences were 

found lower than 40, which indicated that they have in vivo half-life as high as 16 h except six 

bacteria (Paenibacillus jiluni, P. wulumuqiensis, P. dauci, P. bovis, B. koreensis and 

Pseudomonas stutzeri). 

 

Conclusion 
A total of sixty α-amylase protein sequences belonging to B. cereus, twelve protein sequences 

belonging to B. flexus and thirty one belonging to different spp. of genus Bacillus were analysed 

which were retrieved from protein database of NCBI. Multiple sequence alignments were 

carried out for three different groups of α-amylase producing bacteria using Clustal W to find 

out the conserved pattern of the amino acid residues. Phylogenetic tree of α-amylase protein 

sequences from B. cereus, B. flexus and different Bacillus spp. showed clusters which indicated 
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the functional as well as the structural similarities among the various Bacillus spp. with respect 

to α-amylase protein sequence though the strains may be distantly related.  

 
The physiochemical features of the bacterial (Bacillus spp.) α-amylase protein sequences were 

studied. The total number of amino acid residues ranged from 482 to 688 with variable 

molecular weight. The pI values showed small scale variability which ranged between  

4.39-5.83. The analyzed α-amylase protein sequences were thermostable based on high value 

of aliphatic index. In our study, the instability index values of studied amylase protein 

sequences were found lower than 40, which indicated that they have in vivo half-life as high as 

16 h except six bacteria (Paenibacillus jiluni, P. wulumuqiensis, P. dauci, P. bovis, B. koreensis 

and Pseudomonas stutzeri). 

 

 
Fig. 4 Phylogenetic tree of α-amylase protein sequences  

from different Bacillus spp. constructed by NJ method 
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Fig. 5 Distance matrix for different α-amylase producing bacterial spp. 
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Table 1. Physiochemical features of α-amylase protein sequences observed in Bacillus spp. 
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1 
Bacillus  

flexus 
WP050690811.1 483 56116.9 4.58 93 41 36.72 66.34 0.684 

2 
Paenibacillus  

jiluni 
WP062522675.1 514 58276.4 4.64 90 47 41.34 67.92 0.557 

3 
Paenibacillus  

riograndensis 
WP060865930.1 511 58163.8 4.85 86 53 39.59 69.08 0.567 

4 
Paenibacillus  

borealis 
WP042218261.1 494 56107.1 4.59 88 47 35.94 68.08 0.558 

5 
Paenibacillus  

pabuli 
WP062321404.1 493 56444.7 4.75 90 50 37.09 71.60 0.532 

6 
Paenibacillus  

amylolyticus 
WP062836807.1 493 56341.4 4.64 93 47 36.7 70.20 0.531 

7 
Bacillus  

circulans 
emb\CAA43194.1 493 56536.8 4.64 94 51 37.21 70.41 0.554 

8 
Bacillus  

megaterium 
WP034648190.1 483 56109.7 4.60 93 42 37.48 65.13 0.696 

9 
Paenibacillus  

etheri 
WP060626373.1 490 56177.7 5.34 76 54 28.06 70.02 0.529 

10 
Paenibacillus  

wynnii 
WP036652358.1 504 57641.9 4.84 86 51 29.86 68.85 0.565 

11 
Paenibacillus  

forsythiae 
WP025701072.1 511 57991.6 4.93 82 53 30.12 71.92 0.484 

12 
Paenibacillus  

zanthoxyli 
WP025691935.1 511 58017.1 4.77 86 50 31.41 71.35 0.478 

13 
Paenibacillus  

durus 
WP025694104.1 511 57994.6 4.89 81 53 29.78 71.55 0.464 

14 
Paenibacillus  

lactis 
WP007128919.1 488 56056.7 5.83 73 57 33.83 66.74 0.600 

15 
Saccharibacillus  

kuerlensis 
WP018976904.1 499 57316.3 4.52 93 46 37.88 66.21 0.571 

16 
Saccharibacillus  

sacchari 
WP037286841.1 499 57172.0 4.6 92 47 29.77 65.07 0.639 

17 
Paenibacillus  

wulumuqiensis 
WP046212630.1 588 63703.1 4.41 103 43 41.64 67.44 0.606 

18 
Paenibacillus  

dauci 
WP046227517.1 560 64123.4 4.40 106 42 42.51 66.14 0.647 

19 
Paenibacillus  

bovis 
WP060531058.1 560 64069.3 4.39 107 42 45.92 66.14 0.646 

20 
Paenibacillus  

chitinolyticus 
WP042231384.1 486 55627.7 4.67 89 50 34.17 67.22 0.593 

21 
Bacillus  

gobiensis 
WP053604700.1 485 56275.8 5.21 77 53 31.27 69.90 0.573 

22 
Bacillus  

koreensis 
WP053403806.1 486 56492.3 4.56 94 46 42.24 67.41 0.703 

23 
Bacillus  

circulans 
WP061796106.1 482 55819.0 4.66 89 51 31.46 69.17 0.643 



 INT. J. BIOAUTOMATION, 2020, 24(3), 255-264 doi: 10.7546/ijba.2020.24.3.000640 
 

263 

24 
Bacillus  

aryabhattai 
WP045293907.1 483 56104.6 4.62 93 42 38.29 64.93 0.696 

25 
Bacillus  

aryabhattai 
WP048021665.1 483 56162.8 4.65 93 43 37.52 64.93 0.701 

26 
Bacillus  

megaterium 
gb/AGT45939.1 483 56094.6 4.60 92 41 37.24 64.93 0.699 

27 
Bacillus  

acidiproducens 
WP018663422.1 484 55838.0 5.10 81 51 28.58 67.67 0.665 

28 
Bacillus  

coagulans 
WP019720310.1 487 56064.2 5.08 81 50 26.45 63.84 0.702 

29 
Bacillus  

cereus 
WP016080781.1 513 58259.5 5.48 63 49 19.67 67.45 0.617 

30 
Bacillus  

thuringiensis 
WP050844377.1 513 58350.6 5.48 64 50 20.49 66.69 0.624 

31 
Pseudomonas  

stutzeri 
gb/KJH79927.1 688 76370.8 5.43 86 62 41.45 73.43 0.505 
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