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Abstract: Bacterial isolates especially the Bacillus strains have gained an edge over other 

organisms across the globe. Enzymes derived from alkaliphilic Bacillus make up about half of 

the total industrial enzyme market. Detergents, textiles, starch, baking and animal feed are the 

major industries which utmost produce and use enzymes. Alkaline α amylases are among the 

most important enzymes and are of great significance for biotechnology. In the present 

investigation, one alkalitolerant bacterial isolate coded RM2 was characterized by partial 16S 

rRNA gene sequencing due to its ability to produce alkaline amylase at pH 8.0. The amplified 

consensus 16S rRNA gene sequence (RM2) was further searched against nucleotide database 

using Blast program to find out its potential homologs. Twelve closest bacterial spp. were 

identified and the phylogenetic analysis revealed the target bacteria (RM2) isolate belong to 

genus Bacillus. RM2 has shown relatedness to Bacillus flexus strain IFO15715 in sequence 

based divergence study whereas secondary structure of 16S r-RNA of Bacillus sp. strain SP-

RM2 did not show any relatedness to Bacillus flexus strain IFO15715 even though they shared 

sequence based similarity. 
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Introduction  

Extremophilic microbes have evolved several structural and chemical adaptations which allow 

them to survive and grow in extreme environments. The enzymes of these microbes, which 

function in extreme environments (extremozymes), have several biotechnological applications. 

Enzymes from extremophiles offer versatile tools for sustainable developments in a variety of 

industrial applications due to specific stability under extreme conditions, improved use of raw 

materials and decreased amount of waste products. Thus extremozymes offer new opportunities 

for biocatalysis and biotransformation [5]. 

 

Examples of extremozymes include cellulases, amylases, xylanases, proteases, pectinases, 

keratinases, lipases, esterases, catalases, peroxidases and phytases, which have great potential 

for application in various biotechnological processes. Currently, only 1-2% of the 

microorganisms on the Earth have been commercially exploited and amongst these there are 

only a few examples of extremophiles [7].  
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Microbial enzymes are widely used in industrial processes due to their low cost, large 

productivity, chemical stability, environmental protection, plasticity and vast availability  

[2, 11]. Enzymes derived from alkaliphilic Bacillus make up about half of the total industrial 

enzyme market [16]. Detergents (37%), textiles (12%), starch (11%), baking (8%) and animal 

feed (6%) are the main industries, which use about 75% of industrially produced enzymes  

[4, 6, 9, 15]. Alkaline α amylases are among the most important enzymes and are of great 

significance for biotechnology, constituting a class of industrial enzymes having 

approximately 25-30% of the world enzyme market [1, 13]. 

   

Amylases are the second type of enzymes used in the formulation of enzymatic detergent, and 

90% of all liquid detergents contain these enzymes [8]. These enzymes are used in detergents 

for laundry and automatic dishwashing to degrade the residues of starchy foods such as 

potatoes, gravies, custards and chocolates to dextrins and other smaller oligosaccharides [12]. 

Amylases having activity at alkaline pH, maintain the necessary stability under detergent 

conditions [10]. 

 

16S rRNA gene sequencing is the widely used modern molecular approach for identifying 

bacteria as the genotypic methods are far more accurate than morpho-physiological or 

phenotypic identification [3]. 

 

The objective of the investigation was to characterize alkaline α amylase producing bacteria 

by morpho-physiological and 16S rRNA gene sequence analysis. The rRNA secondary 

structures of these bacteria were also predicted and evaluated for its divergence. 

 

Materials and methods 

Alkaline amylase producing bacterial strain 
In the previous study alkalitolerant bacterial strains were isolated from red mud sample of 

Damanjodi district, Orissa, India. All the bacterial isolates were screened for extracellular 

enzymes. The isolate showing highest zone of clearance on an alkaline pH was selected for 

further characterization and molecular identification. 

 

Evolutionary analysis using 16S rDNA sequences 
Consensus sequence of 16S rRNA gene was generated from forward and reverse sequence data 

using aligner software. The 16S r-RNA partial sequence was deposited at GenBank of NCBI 

through BankIt on line submission tool for the accession number. Homologs 16S r-RNA 

sequences were identified for the isolate using BLASTN tool 

(https://blast.ncbi.nlm.nih.gov/Blast.cgi) available at NCBI server. Multiple Sequence 

Alignment using ClustalW tool was carried out and the output of that is used for construction 

of phylogenetic tree in MEGA 6.0 (Molecular Genetics Evolutionary Analysis) software [18] 

using the Neighbor-joining (NJ) for RM2 [14]. The resultant phylogenetic tree topologies were 

evaluated by bootstrap analysis of data sets based on 1000 resamplings. Resampling methods 

allow reuse of sample data for drawing statistical inference. 

 

RNA secondary structure folding 

16s rRNA of bacterial sequences were predicted in Mfold web server [17, 19] to study and 

compare folding patterns among them. The minimum Gibb’s free energy, ∆G was computed 

by the Mfold algorithm for each sequence, as lowest ∆G maps to evolutionary stability of RNA 

structures. During RNA structure prediction the temperature was fixed to 37 °C and assumed 

to be constant within the range of temperatures that might occur in vivo or in the laboratory. 

RNA sequences were taken as linear; the ionic conditions were fixed at [Na+] = 1 M and 

https://blast.ncbi.nlm.nih.gov/Blast.cgi
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[Mg++M] = 0. The predicted secondary structures were compared according to the number of 

stems, loops (exterior/interior), multiple loops, hairpin loops and bulges to study the 

conservation at the structural level. 

 

Results and discussion  

Alkaline amylase producing bacterial strain 
Among all the alkalitolerant bacterial isolates from red mud sample, one isolate (RM2) was 

found to be amylase positive at 37 °C in the starch agar plates at pH 8.0. It showed > 10 mm 

diameter zone at pH 8.0 as shown in Fig. 1.  

 

 
 

Fig. 1 Amylase plate assay  

of RM2 at pH 8.0 

Fig. 2 Gel image  

of RM2 16S rDNA amplicon 

 
Molecular identification of potent isolate (RM2) 

Two 16S rDNA amplicons (one forward and the other reverse) of RM2 isolate were selected 

for constructing consensus sequence to minimize the amplification error. The amplified 

consensus 16S rDNA sequence of the alkaline amylase producing bacterial isolate RM2 bearing 

Accession No KR814820 was further searched against nucleotide database using Blast program 

to find out its potential homologs as presented in Figs. 2, 3 and 4, respectively.  

Twelve homologous bacterial spp. were identified which revealed that the target bacterial 

isolate belong to genus Bacillus. The detail about homologs, its identity and query coverage are 

presented in Table 1. 

 

Phylogenetic tree construction of RM2 for divergence study 

Evolutionary divergence studies among 16S rRNA gene sequences of selected bacterial species 

were carried out with RM2 and homologs of RM2. The uncultured Planctomycetes Sva0503 as 

an out-group has been taken (Fig. 6). Multiple sequence alignment and construction of tree were 

performed using Neighbor-joining algorithm (Figs. 5 and 6). The 13 Bacillus species are 

diverged into two major groups (I & II). Uncultured Planctomycetes Sva0503 diverged most 

from the two groups showing as an outgroup. In Group I, Bacillus aryabhattai strain B8W22 

distantly related to Bacillus flexus strain IFO15715 but RM2 is closely related to Bacillus flexus 

strain IFO15715. But in another group i.e in Group-II, Bacillus kyonggiensis strain NB22 is 

distantly related to Bacillus niacini strain IFO15566. 

 

RNA secondary structure analysis 

Secondary structure of 16S r-RNA of Bacillus sp. strain SP-RM2 did not show any relatedness 

to Bacillus flexus strain IFO15715 even though they shared sequence based similarity.  

The structure of the outgroup showed complex 16S r-RNA folding pattern than the other 

Bacillus spp. (Fig. 7). 
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Fig. 3 16S rDNA-RM2 isolate (consensus sequence) 

 

 

Fig. 4 Homologs identification of RM2  

using Basic Local Alignment Search Tool (BLAST) 

 

AAGGTTACCCCACTCGACTTCGGGCTGATTACAAACTCTCGTGGTGTGACGGGCGGTGTG

TACAAGGCCCGGGACACGTATTCACCGCGGCATGCTGATCCGCGATTACTACGCGATTCC

GGAGCTTCATGTAGGCGAGCATTGCAGCCTACATATCCGAACATTGAGAGATGGTTTCGG

CTATGGGATTGGCTTGACCTCGCGGTCTTGCAGCCCTTTGGTGAGGTACCATCTCATTGT

AGCAACGATGTGTAGCCCAGGTCATAAGGGGCATGATGACACTGGGACTGAGACACGGCC

CAGACTCCTACGGGAGGTCACCGGCAGTCACTCTTCCGCAATGGCCAACTAAATGCTGAC

GGAGCAACGCCGCGTGAGTGATGAAGGCTTTGCGGGACTTAACCCAACATCTCACGACAC

GGAAGAACAAGTACAAGAGTACACCACCTGTCACTCTGTCCCTACCTAACCAGAAAGCCA

CGGCTAACTACGTGCCAGCAGCCGCGGTCAAGACCTAGGTGGCAAGCGTTATCCGGAATT

ATTGGGCGTAAAGCGCGCGCAGGACCGCTTGTGCGGGCCCCCGTCAATTCCTTTGAGTTT

CAGTCTTGCGACCGTACTCCCCAGGCGGAGTGCTTAATGCGTTAGCTGCAGCACTAAAGG

GCGGAAACCCTCTAACACTTAGCACTCAAATGCGTAGACGGCGTGGACTACCAGGAGTGG

CGAAGGCGGCTTTTTGGTCTGTAACTGACGCTGAGGCGCGAAAGCGTGGGTTACAGACCA

AAAAGCCGCCTTCGCCACTGGTGTTCCTCCACATCTCTACGCATTTCACCGCTACACGTT

AGAGGGTTTCCGCCCTTTAGTGCTGCAGCTAACGCATTAAGCACTCCGCCTGGGGAGTAC

GGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTG

GTTTAATTCGAAGCAACGCGAAGAACCCTTACCAGCTACGTCTTGACATCCTCTGACAAC

TCGTAGAGATAGAGC 

 



 INT. J. BIOAUTOMATION, 2019, 23(3), 283-292 doi: 10.7546/ijba.2019.23.3.000504 
 

287 

 

Table 1. List of closest homologs of RM2 isolate 

Description 
Max 

score 

Total 

score 

Query 

cover 
Identity Accession No. 

Bacillus flexus  NBRC 15715   619 1281 100% 81% NR_113800.1 

Bacillus flexus IFO15715   619 1281 100% 81% NR_024691.1 

Bacillus megaterium IAM 13418    610 1272 99% 81% NR_043401.1 

Bacillus aryabhattai B8W22   610 1260 99% 81% NR_115953.1 

Bacillus megaterium NBRC 15308  610 1272 99% 81% NR_112636.1 

Bacillus flexus SBMP3   608 1242 100% 81% NR_118382.1 

Bacillus megaterium ATCC 14581   606 1268 99% 81% NR_117473.1 

Bacillus megaterium QM B1551   599 1244 99% 81% NR_074290.1 

Bacillus niacini NBRC 15566   582 1183 99% 81% NR_113777.1 

Bacillus ginsengisoli strain DCY53   582 1166 99% 81% NR_109068.1 

Bacillus niacini strain IFO15566    582 1183 99% 81% NR_024695.1 

Bacillus kyonggiensis strain NB22  579 1174 99% 81% NR_132682.1 

 

 

Fig. 5 Multiple Sequence Alignment of RM2  

showing 937 conserved sites out of 1609 total sites 

 

 

 

 

 

http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=MH1M3MZ5015&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&OLD_VIEW=false&DISPLAY_SORT=1&HSP_SORT=1
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=MH1M3MZ5015&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&OLD_VIEW=false&DISPLAY_SORT=1&HSP_SORT=1
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=MH1M3MZ5015&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&OLD_VIEW=false&DISPLAY_SORT=2&HSP_SORT=1
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=MH1M3MZ5015&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&OLD_VIEW=false&DISPLAY_SORT=2&HSP_SORT=1
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=MH1M3MZ5015&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&OLD_VIEW=false&DISPLAY_SORT=4&HSP_SORT=0
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=MH1M3MZ5015&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&OLD_VIEW=false&DISPLAY_SORT=4&HSP_SORT=0
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=MH1M3MZ5015&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&DISPLAY_SORT=3&HSP_SORT=3
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_631252602
http://www.ncbi.nlm.nih.gov/nucleotide/631252602?report=genbank&log$=nucltop&blast_rank=1&RID=MH1M3MZ5015
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_219856872
http://www.ncbi.nlm.nih.gov/nucleotide/219856872?report=genbank&log$=nucltop&blast_rank=2&RID=MH1M3MZ5015
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_343202907
http://www.ncbi.nlm.nih.gov/nucleotide/343202907?report=genbank&log$=nucltop&blast_rank=3&RID=MH1M3MZ5015
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_636559893
http://www.ncbi.nlm.nih.gov/nucleotide/636559893?report=genbank&log$=nucltop&blast_rank=4&RID=MH1M3MZ5015
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_631251439
http://www.ncbi.nlm.nih.gov/nucleotide/631251439?report=genbank&log$=nucltop&blast_rank=5&RID=MH1M3MZ5015
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_645321408
http://www.ncbi.nlm.nih.gov/nucleotide/645321408?report=genbank&log$=nucltop&blast_rank=6&RID=MH1M3MZ5015
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_645320214
http://www.ncbi.nlm.nih.gov/nucleotide/645320214?report=genbank&log$=nucltop&blast_rank=7&RID=MH1M3MZ5015
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_444303868
http://www.ncbi.nlm.nih.gov/nucleotide/444303868?report=genbank&log$=nucltop&blast_rank=8&RID=MH1M3MZ5015
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_631252579
http://www.ncbi.nlm.nih.gov/nucleotide/631252579?report=genbank&log$=nucltop&blast_rank=9&RID=MH1M3MZ5015
https://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=REFBEDNC014&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&WWW_BLAST_TYPE_URL=&DISPLAY_SORT=3&HSP_SORT=3&CONFIG_DESCR=2,3,4,5,6,7,8#alnHdr_566085239
http://www.ncbi.nlm.nih.gov/nucleotide/566085239?report=genbank&log$=nucltop&blast_rank=10&RID=MH1M3MZ5015
https://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=REFBEDNC014&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&WWW_BLAST_TYPE_URL=&DISPLAY_SORT=3&HSP_SORT=3&CONFIG_DESCR=2,3,4,5,6,7,8#alnHdr_219856876
http://www.ncbi.nlm.nih.gov/nucleotide/219856876?report=genbank&log$=nucltop&blast_rank=11&RID=MH1M3MZ5015
https://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=REFBEDNC014&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&WWW_BLAST_TYPE_URL=&DISPLAY_SORT=3&HSP_SORT=3&CONFIG_DESCR=2,3,4,5,6,7,8#alnHdr_926663088
http://www.ncbi.nlm.nih.gov/nucleotide/926663088?report=genbank&log$=nucltop&blast_rank=12&RID=MH1M3MZ5015


 INT. J. BIOAUTOMATION, 2019, 23(3), 283-292 doi: 10.7546/ijba.2019.23.3.000504 
 

288 

Fig. 6 Phylogenetic Neighbor Joining Tree of RM2  

showing divergence among different group of Bacillus species 

 
Characterization of Bacillus sp. strain SP-RM2 isolate 

The result of cultural, biochemical, physiological and enzymatic tests of Bacillus sp. SP-RM2 

isolate is presented in Table 2. Bacillus sp. strain SP-RM2 is Gram positive rod, motile and 

facultative anaerobe. On solid medium it showed creamy white, medium size, margin irregular 

and flat elevation. Biochemically it was positive for VP, citrate utilization, Catalase, Esculin 

hydrolysis, urease and nitrate reductase and negative for MR, Oxidase and Indole production. 

Among the different sugar tests, the isolate was found to utilize only mannitol, fructose, 

cellobiose and salicin. The organism was able to grow at 37 and 50 °C and it was able to grow 

up to 10% NaCl concentration. No growth was seen at 15% NaCl concentration on nutrient 

agar plate. Enzymatic study revealed that the isolate was positive for amylase with zone of 

clearance >10 mm diameter followed by lipase and protease (<10 mm diameter) at pH 8.0. 

 

 

 NR 115953.1| Bacillus aryabhattai strain B8W22 

 NR 074290.1| Bacillus megaterium QM B1551 

 NR 118382.1| Bacillus flexus strain SBMP3 

 NR 112636.1| Bacillus megaterium strain NBRC 15308 

 NR 117473.1| Bacillus megaterium strain ATCC 

14581 

 NR 043401.1| Bacillus megaterium strain IAM 13418 

 NR 113800.1| Bacillus flexus strain NBRC 

15715 

 Bacillus sp.strain SP-RM2 

 NR 024691.1| Bacillus flexus strain IFO15715 

Group-I 

 NR 132682.1| Bacillus kyonggiensis strain NB22 

 NR 109068.1| Bacillus ginsengisoli strain DCY53 

 NR 113777.1| Bacillus niacini strain NBRC 15566 

 NR 024695.1| Bacillus niacini strain IFO15566 

Group-II 

Outgroup 

 AJ241009.1| uncultured Planctomycetes Sva0503 

97 

84 

54 

22 

57 

70 

39 

75 

46 

26 

23 
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Fig. 7 Secondary structure analysis of Bacillus sp. strain SP-RM2, Bacillus flexus strain 

IFO15715 and Planctomycetes Sva0503(outgroup) 

 
 

Table 2. Characteristics of Bacillus sp. SP-RM2 

Characteristics Bacillus sp. SP-RM2 

Cultural 

Colony on agar Irregular form, flat elevation 

Color Creamy white 

Other  motile 

Morphological  
Gram staining Gram positive rods 

Endospore staining + 

Biochemical 

MR - 
VP + 
Indole production - 
Esculin hydrolysis + 
Citrate utilization + 
Catalase + 
Nitrate + 
Urease + 
Oxidase - 

Enzymatic 

Amylase +++ 
Lipase ++ 
Protease ++ 
Pectinase - 
Cellulase - 

Physical 

Temperature,  

[°C] 

37  + 

50 + 

NaCl tolerance, 

[%] 

5 + 
10 + 
15 - 
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Conclusion 
Alkaline amylase finds application in many industries such as starch, textile and especially in 

detergent industry where it can be used as an ingredient in detergent for laundry and dish-

washing. Due to the wide application offered by these extremozymes, the researchers are giving 

priority to isolation, characterization and most importantly identification of microorganisms 

(mainly bacterial isolates) showing desired properties. For production of enzymes for industrial 

use, isolation and characterization of new strains is an essential step. Microbial identification is 

done to identify pathogens, food-spoilage linked species and bacterial pollutants of water or 

environmental prokaryotes expressing some properties which could be exploited. Estimating 

the phylogenetic position of bacterial isolates by genetic sequence comparisons is considered 

as the gold-standard in taxonomy. Thus conventional phenotypic tests used for species 

differentiation are nowadays coupled with16S ribosomal RNA sequences.  

 
In the present study, the bacterial isolate (RM2) isolated from red mud sample was found to be 

positive for alkaline amylase on starch agar plate at pH 8.0. It was further characterized by 

various morphological, cultural, biochemical and enzymatic tests. In addition, analysis of 

molecular phylogenetic tree and RNA secondary structure catapulted better identification of the 

bacteria. The isolate (RM2) was identified based on phenotypic characteristics, phylogenetic 

positions based on 16S rRNA gene analysis and sequences submitted to Gen Bank. 16S rRNA 

gene analysis confirmed that the isolate belonged to the genus Bacillus. The phylogenetic 

approach revealed that our amylase producing isolate Bacillus sp. strain SP-RM2 is closely 

related to Bacillus flexus strain IFO15715 however the secondary structure analysis 16S r-RNA 

of Bacillus sp. strain SP-RM2 did not show any significant similarity with Bacillus flexus strain 

IFO15715. Uncultured Plantomycetes was taken as outgroup for the divergence study. In the 

present investigation, uncultured Planctomycetes Sva0503 has diverged the most from the two 

groups in the phylogenetic tree, aptly taken as an outgroup and its structure showed complex 

16S r-RNA folding pattern than the other Bacillus spp. 
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