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Molecular and Biochemical Characterization of a Salt Tolerant
a-Amylase Producing Isolate NH-25
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Abstract: Halophiles are considered as important sources of extremozymes that are not only salt tolerant but can
catalyze reactions efficiently under harsh conditions of various industrial processes. Among industrially important
enzymes alpha amylase is used in many industries such as starch, pharmaceutical, detergent, paper, food, and textile.
Due to wide applications there is a continuous need for novel sources of the enzyme to be discovered. One of the new
variant from various amylase producing isolates of marine samples of Arabian Sea, an industrial dumping site and a rich
natural source, particularly for microbes, a salt tolerant a-amylase producer was studied. This isolate based on cultural
characteristics, biochemical tests and molecular characterization inferred from 16s rDNA sequencing identified as

Bacillus subtilis NH-25.
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INTRODUCTION

Enzymes are biological catalyst that have assorted
applications in numerous biotechnological products and
processes. Among those, amyloglucosidases are one
of the most important industrial enzymes used for the
hydrolysis of starchy materials into oligosaccharides
and, finally, into simple glucose units [1,2]. They belong
to glycoside hydrolase family of enzymes (GH13
family) [3]. Amyloglucosidases are of three types, o-
amylase (alternative names: 1,4-a-D-glucan
glucanohydrolase; glycogenase) catalyze hydrolysis of
a-1,4-glucosidic linkages in the interior of starch
molecule in a random manner producing branched and
linear oligosaccharides of different chain length, B-
amylase (alternative names: 1,4-a-D-glucan
maltohydrolase; glycogenase; saccharogen amylase)
that  hydrolyzes  o-1,4-glucosidic  linkages in
polysaccharides so as to remove sequential maltose
units from the non-reducing ends of the chains, and
glucoamylase (alternative names: Glucan 1,4-a-
glucosidase; amyloglucosidase; Exo-1,4-a-
glucosidase; lysosomal a-glucosidase; 1,4-a-D-glucan
glucohydrolase) hydrolyzes a-1,4 glycosidic bonds
from the non-reducing ends of starch, resulting in the
production of glucose and to a lesser extent, it also has
the ability to hydrolyze a-1,6 linkages, also resulting in
glucose as the end-product [4-6]. As one of the major
stakeholder, amylase constitute a class of industrial
enzymes having around 25%-33% of the enzyme share
in the market [7-9]. They have impending applications
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in industries like food, pharmaceuticals, detergents,
leather, starch conversion, alcohol production, textile
and paper [10-13].

Amylases are obtained from animals, plants and
microorganisms [14,15] however, for commercial
production of enzymes microbial sources are preferred
over others. Interestingly, there has been a lot of
research on amylases obtained from various sources
but not much work is done for obtaining amylases from
marine environment, especially from microorganisms in
deep sea environment [16]. Some marine
microorganisms are reported to produce enzymes
with industrially-important properties, such as stability
at elevated temperature and alkaline pH conditions
[17, 18].

In the present study, the taxonomic position of
Bacillus spp. is determined through biochemical testing
as well as 16S rDNA phylogenetic identification which
is a useful technique for bacterial identification [19] so
that the right taxonomic position of this isolate could be
accurately assigned to identify its novelty.

MATERIALS AND METHODS

The marine water samples were collected from
various sites of Arabian Sea and were screened for
strains having amylogenetic activity [20]. Selected
strain was inoculated onto Luria Agar media and the
plates were incubated at 37°C for 24 h and were
preserved on Luria Agar slants for additional analysis.

Morphological Characteristics

Organisms were observed through a phase-contrast
light microscope (Optiphot XF-NT; Nikon) to determine
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the Gram-staining and
characteristics.

endospore-forming

Cultural Characterization

For colonial morphology culture was streaked on
Blood Agar plates and incubated at 37°C for 24 h.
Motility test was performed by inoculating the culture in
SIM Agar and monitoring the growth pattern after 18 h.

Biochemical Characterization

Biochemical Characteristic Analysis was performed
according to Bergey’s Manual of Systematic
Bacteriology [21].

Overnight culture in Luria Broth and on Luria Agar
was used to inoculate various media for biochemical
tests. IMVIC test, propionate utilization, nitrate
reduction and tyrosine utilization tests were performed.
Glucose, maltose, lactose xylose and mannitol
fermentation was performed along with catalase,
gelatinase, lecithinase production test. Organism was
also checked for its ability to grow at pH 5.6 and in
6.5% sodium chloride.

Molecular Characterization

To obtain genomic DNA cells were lysed using
lysozyme and protinase K. DNA was isolated by the
method of chloroform isoamyl alcohol and its
concentration and purity was monitored at 260nm and
280nm UV. Purified DNA was resolved on 2.0%
Agarose Gel in 0.5X TBE buffer. Amplification of
fragment of 16s rDNA gene was done by using MA3F
5- CAGCMGCCGCGGTAATAC-3¥ & MA4R 5'-
TGACGGGCGGTGTGTACAAG-3 primers. The
conditions for reaction mixture for PCR were as follows:
5X PCR Buffer Il, 25 U AmpliTag Gold DNA
polymerase, 25mM MgCl, 12.5 mM dNTP’s, 5 pl DNA,
Reverse and Forward Primer 2 ul each. Ultra-pure
DEPC water was mixed to make up final volume of 50
pl. The program applied was 94°C for 5 minutes, 30
cycles of 94°C for 30 seconds, 62°C for 45 seconds,
72°C for 45 seconds and extension at 72°C for 10
minutes

Purification of amplicon to remove contaminants
was done by Promega Wizard SV Gel and PCR Clean
Up system. Concentration of the purified product was
measured spectrophotometrically. Both forward and
reverse sequencing of PCR amplicons were carried out
with reverse and forward primers using Big Dye
Terminator V3.1 sequencing system. Electrophoresis

was done by 2% Agarose gel using 0.5 X TBE buffer to
monitor the amplification.

Unwanted terminator dye was removed by CENTRI
—SEP Columns. Samples were eluted with Dideoxy
Terminator Reaction Mixture and desiccated.
Lyophilized samples were then loaded with Hi Di
Formamide on 50 cm long capillary Array having 4.5%
Acrylamide Gel and POP 6 polymer on ABI 3130
Genetic Analyzer. Consensus Sequence of the data
was displayed by using Sequence Analysis Software.
BLAST search was done for further Identification

RESULTS AND DISCUSSION

The marine isolate, obtained from the sea waters of
Arabian Sea, was Gram-positive rods 0.5-1.0 ym in
diameter and 5-8 um in length in the exponential
growth phase. These organisms showed chained
structures and produced oval endospores located at
sub-terminal positions (Figure 1A); on Blood Agar
showed large, circular, smooth, off white, opaque
colonies with - hemolysis (Figure 1B). Organisms
exhibited diffused growth showing existence of flagella
(Figure 1C). Isolate NH-25 is able to produce citrase,
nitrate reductase and produces neutral end products
after glucose utilization but it lacks tryptophanase
(Figure 1D). Isolate is able to grow at pH 5.6 (Figure
1E) and catalase (Figure 1F) and lecithinase producer
(Figure 1G) whereas unable to degrade tyrosine
(Figure 1H).

16S ribosomal DNA (rDNA)-based molecular
characterization could attain identification, due to its
presence of species-specific variable regions and
universal distribution among bacteria. This molecular
approach has been widely used for bacterial
phylogeny, leading to the establishment of huge public-
domain databases and their use in bacterial
identification, as well as that of unique environmental
and clinical microorganisms, novel or unusual isolates
and collections of phenotypically identified isolates [22].

To determine the phylogenetic positions of this
novel bacteria, the 16s RNA gene was PCR-amplified
(Figure 2) and sequenced (Figure 3). A comparison of
the obtained fragment with the sequences of all
established Bacillus species indicated that strain
clustered in the genus Bacillus, and 16S rDNA
sequence similarities with the genus Bacillus were
above 99%. The highest 16S rDNA sequence similarity
was with Bacillus subtilis subsp. spizizenii str. W23,
Bacillus subtilis B5n5, Bacillus subtilis subsp. subtilis
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Figure 1: (A) Morphological characteristics shown by NH-25 after Gram’s staining, (B): B —Hemolysis shown by NH-25 on blood
agar plate, (C): the picture shows spreading growth of NH-25 in Sulfur Indole Motility medium confirm it is a motile organism, (D):
After treatment with their respective reagents, tubes show Indole, M R and Citrate negative, whereas V P and nitrate test were
positive. (E): Growth at pH 5.6 was monitored by growing the culture on SDA, (F): by flooding the plate with hydrogen peroxide,
effervescence shows the releases of Oxygen gas as the result of catalase, (G): egg Yolk agar was utilized to check zone of
precipitation formed by the action of lecithinase on egg yolk, (H): Tyrosine utilization was observed by the zone of clearing

around the colony.

str. RO-NN-1, Bacillus subtilis subsp. subtilis str. 168,
Bacillus subtilis subsp. spizizenii str. TU-B- 10, Bacillus
subtilis BE517003, Bacillus subtilis BE517613, Bacillus
amyloliquefaciens Y2, Bacillus amyloliquefaciens
subsp. plantarum A543.3, Bacillus amyloliquefaciens
subsp. plantarum  YAU B9601-Y2, Bacillus

amyloliquefaciens subsp. plantarum CAU B945,
Bacillus amyloliquefaciens FZBA42.

A phylogenetic tree based on an almost complete
16S rDNA sequence revealed the relationships
between the isolated strain and established Bacillus
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Figure 2: 2% Agarose Gel Electrophoresis of gene of 16S rRNA PCR product amplified for molecular characterization. Lane2
and 7 contain 100 bp ladder, lane 3 and 6 contains negative controls while 4 and 5 contains amplified product.

ACAGGGGGTCGGGATATTGGGCGTAAGGGCTCGCAGGCGGTTITCTTAAGTCTGATGT
GAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAG
AAGAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAAC
ACCAGTGGCGAAGGCGACTCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGG
GGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGT
GTTAGGGGGTTTCCGCCCCTTAGTGCTGCAGCTAACGCATTAAGCACTCCGCCTGGG
GAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGT
GGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCT
CTGACAATCCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGTGCATG
GTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCC
TTGATCTTAGTTGCCAGCATTCAGTTGGGCACTCTAAGGTGACTGCCGGTGACAAACC
GGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGACCTGGGCTACACAC
GTGCTACAATGGACAGAACAAAGGGCAGCGAAACCGCGAGGTTAAGCCAATCCCAC
AAATCTGTTCTCAGTTCGGATCGCAGTCTGCAACTCGACTGCGTGAAGCTGGCATCGC
TAGTAATCGCGGATCAGCATGCCGCGGATGAATACGTTTCCCGGCCTTACC

Figure 3: Sequence of the16S rDNA gene of strain NH-25.

species, and supported the view that the isolated strain Stackebrandt & Goebel (1994) stated that levels of
is members of the genus Bacillus (Figure 4). The tree similarity between 16S rDNA sequences that are less
was created using the CLUSTAL W software [23] and than 97% suggest that the strains do not belong to the
phylogenetic distance was calculated by using the same species [26].

neighbor joining method [24,25].
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Bacillus corgulans 3601 chromosome, complef genome
Biacillus coagulans 26 chromosome, complete genome
g Bacillus cellulosilyficus 05 H 2522 chromosome, complets genome
‘ Bicillus selenitireducens iL 510 chromosome, complet: genome
¥ Baxillus clausii K 5 b K16, complete genome
§ Bacillus halodurans C- 125 chromosome, complete genome
Baillus pseudofitmus OF4 chromosome, complet: genome
Biaillus licheniformis ATCC 14580 chromasome, complete genome
Biaillus lichenifomis DSH 13 = ATCC 14580 chromosome, complete genome
Bacillus pumilus 54 FF-032 chromosome, complete aenome
Bacillus aftophagys 1942 chromosome, complefe genome
Bacillus amoliquefaciens LL3 chromosome, complete genome
5 Bacillus amyloliquefaciens 14205 chrumusome complete genome
*5 Bacillus amoliquefaciens ¥HT chromosome, mmp\efe qenome
s Bacillus ampdoliquefaciens DSH 7, complete genome
Baillus subiis subsp. subfils st B3P chromasome, complet: genome
1 Bacillus subfiis QE925 chromosome, complefe genome
1 Bacillus sp. 45 chromosome, complete genome
9 Barillus amvlolique fuciens subsp. planfarum CAL B946, complete genome
2 Bacillus ampoliquefuciens F2E42, complede genome
& Barillus subilis subsp. spizizenil st w23 chromasome, complete genome
WhH25
? Bacillus subtilis &5n'5 chromosome, complete genome
Biaillus subifilis subisp. subdilis sf. RO- MM 1 chromosome, complete genome
2 Bacillus subtilis subsp. subdilis str. 168 chromosome, complet: genome
& Bacillus subtilis subsp. spizizenii T B 10 chromosome, complete genome
1 Bacillus subfiis BE ST7003 DN, complete genome
@ Bacillus amploliquefaciens ¥2 chromosome, complets genome
9 Bacillus subdiis BE 577613 D4, complete genome
5’ Barillus amlaliquefaciens subsp. planfarm A543, 3 chromasome, complete genome
Barillus amoliquefaciens subsp. planfarim VAL B9601- Y2, complete genome
Bacillus megaderium WSH- 002 chromosome, complets genome
& Barillus megaterium D5 319 chmmosome complete genome
Bacillus megaterium Qi £1551 chrnmusome complete genome
Bacillus cytotonicus WUH 391-95 u:hromasome, complefs genome
Bacillus ceraus AH820 chromosome, complet: genome
Bacillus thuringiensis HO- 771 chromosome, complete génome
3 Bacillus thuringiensis BH#07 chromosome, u:omplm qenome
¥ Bacillus thuringiensis BME171 thmmosome complate genome
3 Bacillus cereus ATCC 14579, compled: genome

[ Barillus weihenstephanensis KBAB4 chramosome, complete genome
0 Bacillus thuringiensis HO- 749, compleds genome

[ ] Baclllus'rhunnglenswssemuarchlnenslsCl 43 chromosome, complehe genome
4 Bacilus thuringiensis MC:28 chromosome, complefe genome
Bacillus ceteus G842 chromasome, -:l:lm:lleie genome
Biacillus cereus Q1 chromosome, -:n:lmplete genome
9 Biillus cereus B4264 chromasome, complete genome
9 Bacillus cereus F& 3776 chromosome, complete genome
2 Bacillus cereus E 350 chromosome, complefe genome
2 Bacillus cereus 0366102, complete genome
Biaillus thuringiensis serovar konkukian str. 9727 chromosome, complet: genome
1 Bicillus cereus FRE 35 chromasome, complete genome
Biaillus cereus ATCC 10987 chromosome, complite genome
137 Bacillus anthracis str. Sterme chromosome, complete aenome
Bacillus thuringiensis serovar finifimus YET-020 chromosome, complete genome
¥ Baillus andhracis st COC 554 chromasome, complite gename
o Biacillus anthrecis st Ames Ancestor chrnmusome complete genoms
% Bacillus thuringiensis str. A1 Hakam chromasome, cnmple*re Qename
Bicillus cerens NCT401, complete genome
Biacillus cerens AH167 chmmosome complete genome
Bacillus anthracis st Amas chmmosome complete genome
9 Bagillus anthracis st Ha401 chmmnsome complete genome
Biavillus anthracis str. A0248, complete genome
Bacillus cereus hiouarmhm:is str. Cl chromosome, complets genome

| 0.009 |

Figure 4: Phylogenetic tree of Bacillus subtilis NH-25 on the basis of 16S rDNA sequence.

The isolates can also be distinguished from identification. DNA-DNA relatedness showed relevance
established Bacillus species on the basis of a to Bacillus subtilis. Therefore, this bacterium was
combination of the physiological and phenotypic assigned as Bacillus subtilis NH-25.
properties.
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