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Characterizing Novel Thermophilic Amylase Producing Bacteria From
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Background: Amylases play a vital role in biotechnological studies and rank an important position in the world enzyme market (25% to
33%). Bioprocess method of amylase production is more effective than the other sources, since the technique is easy, cost effective, fast,and
the enzymes of required properties can be procured.

Objectives: The current study aimed to report the characteristics of novel amylase producing bacterial strains isolated from Taptapani
hot spring, Odisha, India.

Materials and Methods: Bacterial strains were isolated by dilution plating method from the water samples collected from Taptapani Hot
Spring, Odisha and screened for amylase production through starch hydrolysis. The bacterial isolates were identified morphologically,
biochemically, and finally by 16S rDNA profiling.

Results: Based on the morphological, physiological, biochemical characteristics and the molecular characterization, the isolates SS1, SS2,
and SS3 were identified as Bacillus barbaricus, Aeromonas veroni,and Stenotrophomonas maltophilia, respectively. The approximate molecular
weight of enzymes from SS1, SS2, and SS3 strains were 19 kDa, 56 kDa and 49 kDa, respectively.

Conclusions: The current report isolates, characterizes, and demonstrates the novel heat-adapted amylase-producing bacteria SS1, SS2
and SS3 from Taptapani hot spring, indicating its potentiality and stability under acidic conditions.
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1. Background processes increases their significance (6). Amylases are
classified into endoamylases (e-amylases), exoamylases
(B-amylase, glucoamylase), and debranching enzymes
(pullulanase, isoamylase) based on their type of ac-
tion (7). c-amylase (endo 1, 4-o-D-glucanglucohydrolase,
EC 3.2.11) is an extracellular enzyme that affects starch
and degrades it into disaccharide and trisaccharide (8).
o-amylase can be derived from various sources such as
plants, animals and microorganisms (9).

Bioprocess method of amylase production is more effec-
tive than the other sources, since the technique is easy,
cost effective, fast, and enzymes of the required proper-
ties can be procured. The microbial amylases could be
potentially useful in various industrial processes such
as sugar, textile, paper, brewing, distilling industries and
pharmaceuticals (10). Due to the potential technological
significance and the economic benefits of amylases, it
has drawn the global attention.

The abundance of microorganisms is due to their diver-
sity, but 96% of the microbes cannot be cultured under
the laboratory conditions; tracing them out can lead to
greatachievements in various fields of biotechnology. Re-
garding the applicability of those microbes to solve envi-
ronmental problems, it is quite essential to characterize
and isolate them (1). Springs are the places where under-
ground water is discharged at specific locations on the
earth and they dramatically vary as to the type of water
they discharge. Many of the springs are the result of long
cracks or joints in sedimentary rock (2). In hot springs the
temperature of water lies significantly above the mean of
annual air temperature of that region.

Amylases play a vital role in biotechnological studies
andrankan important position in the world enzyme mar-
ket (25% to 33%) (3, 4). Amylases are characterized by their
ability to hydrolyze starch to generate glucose, maltose,
a mixture of malto-oligosaccharides, and various e¢-limit
dextrin-containing o (1-6) bonds (5). Their wide range of
application in nutritional, cosmetic and pharmaceutical The current study aimed to report the characteristics of

2. Objectives
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novel amylase producing bacterial strains isolated from
Taptapani hot spring, Odisha, India. Production condi-
tions were optimized (temperature, pH, carbon and ni-
trogen sources) to achieve high enzyme production and
better enzyme activity.

3. Materials and Methods

3.1. Isolation Site and Cultivation Conditions

Water samples were collected at the depth of 6 to 10 cm
in sterile bottles from Taptapani hot spring, and brought
to the Research Laboratory in aseptic conditions. The
samples were stored in a refrigerator at 4°C for further
processing. Bacteria were isolated by serial dilution and
spread plate method. A volume of 0.1 mL of each dilution
was transferred to Luria Bertani agar (1% tryptone, 0.5%
yeast extract, 0.5% NaCl, 1.5% agar, pH 7-7.5). The samples
were spread uniformly using a glass rod, and incubated
at 37°C for 24 hours. The bacterial isolates were further
subcultured on the respective media in order to obtain
pure culture. Pure isolates were refrigerated at 4°C for
further studies.

3.2. Screening of Amylase Producing Bacteria

Starch hydrolysis test was used to screen the bacterial
isolates showing amylolytic properties. The starch agar
plates were streaked by microbial isolates followed by
their incubation at 37°C for 24 hours. After incubation,
1% iodine solution (freshly prepared) was flooded on the
starch agar plate. The presence of blue color around the
growth are as indicated negative result, and a clear zone
of hydrolysis surrounding the growth areas indicated a
positive result (11).

3.3. Identification of Amylase Producing Bacteria

The colony morphology of the isolates was observed
under the microscope with respect to color, shape, size,
nature of the colony, and pigmentation. Cultural and
physiological characteristics of the amylase producing
bacterial isolates were studied to identify the purposes
and the obtained results were compared with those of
the standard description of Bergey's Manual of Determi-
native Bacteriology (12).

3.4. Microscopic Observations

Gram staining of the bacterial isolates was performed
and observed under a high power magnifying lens in the
light microscope. Endospore staining, capsule staining,
and motility test were performed to observe the mor-
phology and motility of the cells (1). The shape of the cell
and its surface features were explored in more detail by
Environmental Scanning Electron Microscopy (FEI QUAN-
TA 200 MARK 2) using the method described by Deflaun
etal. (13).

3.5. Antibiotic Assays

The susceptibility to antibiotics was checked on a log
phase culture by measuring the Diameter of Zone of In-
hibition (DZI) using the disc diffusion technique; antibi-
otic discs were purchased from Hi-Media Laboratory Pvt.
Ltd, Mumbai. India. The selected antibiotic groups, the
culture conditions, and the assessment procedure were
as Nandy et al. (14).

3.6. Biochemical Characterization

Various biochemical tests like indole, methyl red, Voges
Proskauer, simmons citrate, catalase, oxidase, urease, ni-
trate reduction, gelatin hydrolysis, starch hydrolysis, and
SIM (Sulphidelndole Motility medium) tests were per-
formed as per the standard methods reported by Deflaun
etal. (13) and Nandy et al. (14).

3.7. Growth Profile

The overnight grown culture in LB medium acted as the
parent source; 1% inoculation from the parent culture
was added to 100 mL of sterile LB medium and incubated
at 37°C under 200 rpm shaking. At the regular interval
of one hour, 3 mL of culture was aliquoted and the opti-
cal density was measured at 660 nm (Systronics UV-Vis
spectrophotometer), representing the extent of growth.
The effect of various carbon and nitrogen sources on the
maximum growth of isolates was studied by adjusting
different carbon (sucrose, fructose, dextrose, starch and
lactose) and nitrogen sources (meat extract, beef extract,
yeast extract and urea, casein) of 1% concentration in the
production medium.

3.8. Molecular Characterization

The molecular identification was performed on the ba-
sis of sequence analysis of 16S rDNA. Genomic DNA was
isolated from the pure culture. The partial sequence of
the 16S rDNA gene was amplified by PCR using the uni-
versal prokaryotic primers, 5- ACGGGCGGTGTGTAC -3'
and 5-CAGCCGCGGTAATAC-3', which amplify a 1500-base
pair region of the 16S rDNA gene (15). The PCR product
was purified and sequenced. Sequencing was done by
the Heleni Biomolecule Company, located in Guntur,
Andhra Pradesh, India. Partial 16S rDNA gene sequence
was required to NCBI-BLAST (http: /[ www. ncbi.nlm.nih.
gov/Blast) and the nearest neighbor of the isolate was de-
termined. The construction of phylogenetic tree was per-
formed by neighbor-joining tree algorithm using boot-
strap value of the MEGA4. (http://[www.megasoftware.
net/) (16).

3.9. Amylase Production

Freshly prepared inoculum was used to inoculate the
production medium. To prepare the inoculums, a loopful
of bacterial isolate was transferred in 100 mL of the me-
dium containing (g/L) starch 10, peptone 10, yeast extract
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20, KH,PO, 0.10, CaCl,.2H,0 0.10, MgSO,.7H,0 0.50 and
FeS04.7H50 0.02. The flask was loaded on a rotary shaker
incubator (Remi instruments Ltd.) at a speed of 200 rpm
at 37°C for 24 hours. Amylase production was carried out
by submerged fermentation in Erlenmyer Flask. The flask
was loaded on a rotary shaker incubator at a speed of 200
rpm at 37°C for 24 hours. After incubation, fermented
broth was centrifuged at 8000 rpm for 20 minutes in a
cooling centrifuge. After specific time intervals, samples
were taken out to determine the enzyme activity and pro-
tein concentration.

3.9.1. Amylase Assay

Amylase was determined by spectrophotometric meth-
od as described by Sharma (17). One unit is defined as
the amount of enzyme required to liberate one pmol of
sugar reduction per minute by applying the following
formula (18).

IU/mL/min = (Activity of enzyme x 1000)/ (Molecular
weight of Maltose x Incubation time)

3.9.2. Estimation of Protein Content

Total amount of protein throughout the experiment
was measured according to Lowry et al. (1951) method, us-
ing Bovine serum albumin (BSA) as Standard (19).

3.9.3. Partial Purification of Amylase Enzyme

Partial purification of amylase enzyme was achieved by
ammonium sulfate precipitation followed by dialysis.
The cell free extract was saturated with ammonium sul-
fate up to 80%. The content was incubated overnight and
centrifuged at 10000 rpm for 30 minutes. Supernatant
was collected and saturated up to 90% with ammonium
sulfate, then the content was centrifuged at 10000 rpm
for 30 min and pellet was collected for further analysis.
The enzyme mixture was transferred in a dialysis bag and
immersed in phosphate buffer at 4°C for 24 hours. The
buffer was continuously stirred using a magnetic stirrer
throughout the process. Buffer was changed three times
during the process in order to obtain proper purification.

3.9.4 Optimization of Temperature and pH for En-
zyme Activity

The effect of temperature on enzyme production and
activity was studied by adjusting the incubation temper-
ature at 10 to 60°C, and production medium pH at 4.0 to
10.0 (20, 21).

4. Results

4.1. Isolation of Amylase Producing Bacteria

A total 42 different bacterial strains were isolated on
the basis of colony morphology. All isolates were primar-
ily screened for amylase production by starch hydroly-
sis. Among the 42 isolates, six isolates hydrolyzed the
starch on starch agar. The isolates SS1, SS2, and SS3 strains
showed the maximum clear zone on starch agar plate af-
ter pouring 1% iodine solution, indicating maximum am-
ylase activity and hence were selected for further study of
amylase production, enzyme activity and optimization.

4.2. Morphological Characterization

SEM images as shown in Figure 1 (Figure 1 A, 1B and 1C)
confirm the rod shape of SS3, rod/cocci for SS2 whereas
SS1was irregular in its shape and size. Some more micro-
scopic features of the isolates were identified by the gen-
eral staining procedures (Table 1). SS1 and SS3 were found
Gram positive whereas SS2 was Gram negative. On the
other hand SS1 and SS2 showed negative response to acid
fast staining but SS3 was found positive for the same test.

4.3. Biochemical Identification

The strains showed different biochemical profiles which
comprise of some positive as well as negative tests (Table
1). All the three strains responded positively to catalase,
starch hydrolysis, Voges Proskauer, and amylase tests
whereas for lipase citrate, urease and nitrate reductase
tests the three isolates showed negative responses. Posi-
tivity towards amylase and starch hydrolysis tests con-
firms the amylase production ability of all the isolates.

Figure 1. Micrograph Showing the Morphological Structure and Dimension of Isolates
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Table 1. Microscopic and Biochemical Characteristics of the
Strains ¢

Characteristic SS1 SS2 SS3

Microscopic characters

Shape Irregular Rod/cocci  Rod
Color Black White Yellow
Motility Motile Motile Motile
Spore formation Positive  Negative Negative
Gram Staining Positive  Negative Positive
Acid fast Staining Negative Negative Positive
Biochemical characters

Protease Positive  Negative Positive
Indole Negative Negative Positive
Catalase Positive  Positive  Positive
Lipase Negative Negative Negative
Citrate Negative Negative Negative
Nitrate Reduction Negative Positive  Positive
Starch Hydrolysis Positive  Positive  Positive
Hydrogen sulfide Negative Negative Negative
Gelatin Negative  Positive  Positive
Voges Proskauer Positive  Positive  Positive
Methyl-red Positive  Negative Negative
Urease Negative Negative Negative
Amylase Positive  Positive  Positive

2 Abbreviations: SS1, Bacillus barbaricus; SS2, Aeromonas veroni; SS3,
Stenotrophomonas maltophilia.

4.4. Molecular Identification of Amylase Producing
Bacteria

The constructed phylogenetic tree revealed that the iso-
lates SS1, SS2, and SS3 had very close resemblance to the
genera Bacillus, Aeromonas and Stenotrophomonas respec-
tively. Thus they were identified as Bacillus barbaricus,
Aeromonas veroni, and S. maltophilia, respectively (Figure
2 A, 2B and 2Q).

4.5. Growth Behavior of the Isolates

The three isolates showed distinct growth curves. Their
exponential growth phase started after 15 to 20 hours of
incubation. The maximum growth for the isolates also
varied depending on the use of various carbon and nitro-
gen sources (Figure 3). Thus growth profiles of the three
isolates basically depended upon various environmental
conditions.

4.6. Effect of Carbon Sources on the Growth of Mi-
crobes

The effect of carbon source on growth of the three iso-
lates was characterized using four different sugars at 1%

(w[v) concentration. SS1 showed the maximum growth
in the presence of sucrose as carbon source, whereas, the
minimum growth was observed in the presence of lac-
tose (Figure 3 A). For SS2, xylose had the most significant
effect on the growth while fructose had the least (Figure
3 B). SS3 showed the maximum growth in the presence of
sucrose as carbon source, whereas, the minimum growth
was observed in the presence of xylose (Figure 3 C)

4.7. Effect of Nitrogen Sources on the Growth of Mi-
crobes

The growth of isolates was studied in the presence of
four different nitrogen sources. SSt showed the maxi-
mum growth in the presence of casein as nitrogen
source; whereas, the minimum growth was observed in
the presence of urea (Figure 4 A). For SS2, urea showed
the least growth (Figure 4 B). SS3 showed the maximum
growth in the presence of beef extract as nitrogen source,
whereas, the minimum growth was observed in the pres-
ence of urea (Figure 4 C).

Figure 2. Neighbour-Joining Phylogenetic Tree From Analysis of 16S
rDNA Gene Sequence of Bacterial Isolates
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(A), Phylogenetic tree of SS1 strain; (B), phylogenetic tree of SS2 strain; (C)
phylogenetic tree of SS3 strain.
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Figure 3. Effect of Carbon Sources on the Growth of Microbes
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4.8. Characterization of Amylase

4.8.1. Electrophoretic Pattern of Partially Purified Amy-
lase

The partial purified amylase was finally subject to SDS-
PAGE for molecular weight determination. From the gel,
it was observed that the isolated enzyme from all the
strains migrated as single bands in the respective lanes,
suggesting that the purified proteins were homoge-
neous. The approximate molecular weight of enzymes
from SS1, SS2, and SS3 strains were 19 kDa, 56 kDa and 49
kDa, respectively (Figure 5).

4.8.2. Effect of Temperature on Enzyme Activity

It was observed that the enzyme was optimally active at
50°C (Figure 6), which was very close to that of a-amylase
from Bacillus spp. (40°C to 50°C) (22). Strain SS1 showed
the highest activity of 0.804 U/mg/mL, while SS2 and SS3
showed 0.693 and 0.597 U/mg/mL, respectively at 50°C.
SS1 also showed relatively higher activity of 0.692 U/mg|/
mL at 35°C compared to the other two strains.

4.8.3. Effect of pH on Enzyme Activity
Figure 7 showed that, the amylase exhibited opti-

Jundishapur ] Microbiol. 2014;7(12):e11800

mum activity at pH 7.0, which was higher than those of
o-amylase from Eisenia foetide (pH 5.5) (23) and A. pullu-
lans (pH 4.5) (24). SS1 Strain showed the highest activity of
0.574 U/mg/mL at pH 7.0 while SS2 and SS3 showed 0.540
and 0.481U/mg/mL, respectively. The enzyme activity pro-
file of SS1 and SS2 strains were almost the same while SS3
showed comparatively less activity in the mentioned pH
range.

Figure 5. SDS-PAGE Analysis of Partially Purified Amylase
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Lanel, Molecular mass marker; Lane2, partial purified amylase from SS2;
Lane3, partial purified amylase from SS1; Lane4, partial purified amylase
from SS3.
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5. Discussion

The thermal active amylases produced by thermotolar-
ent SS1, SS2 and SS3 strains with the most similarity with
B. barbaricus, A. veronii, and S. maltophilia were isolated
from Taptapani hot spring, Odisha, India. In the previous
studies amylase production in several Bacillus species
had been examined (25-27) and species of this genus were
considered as an ideal host for the industrial production
of bulk extracellular amylases. Along with the Bacillus
species, the current study introduced two novel bacte-
ria A. veroni and S. maltophilia for extracellular amylase
production. In order to use e-amylase in the industry, the
enzymes should be stable at different ranges of pH and
temperature. The optimal temperature of enzyme activ-
ity was 50°C, while the activity decreased at temperatures
above 60°C.

This property might limit its use in industrial applica-
tions that require high temperatures, but it favors its
application in the processes that require complete inac-
tivation of the enzyme with increasing temperature in
the process, that is in the baking industry (28). Maximum
amylase activity (0.574 U/mg/mL) was obtained using su-
crose as carbon source for B. barbaricus and S. maltophilia

whereas xylose for A. veroni and casein and beef extract
as nitrogen sources for B. barbaricus, S. maltophilia and A.
veroni, respectively when the strains were grown at 50°C,
and pH 7.0 for 24 hours. The optimal pH for the amylases
was 7.0, which was similar to the ones reported for halo-
philic amylases from various microorganisms (29-31).
Amylases with this characteristic may have interesting
applications in treatment of saline waters or waste so-
lutions with starch residues and high salt content. As
mentioned above, when the SS1, SS2, and SS3 strains were
incubated in the presence of antibiotics like oxidase, dox-
ycycline, streptomycin, cephadroxil, and gentamycin,
the resistance of the strains in ascending order was SS3<
SS1< SS2 (Figure 4 A, 4B and 4C).

The partially purified amylases showed the molecular
weight approximately 56 kDa, 19 kDa, and 49 kDa which
were analogous to the result obtained from B. lichenifor-
mis, A. hydrophilia, and S. maltophilia a-amylases (32-34).
Many researchers reported different molecular mass of
a-amylase isolated from different sources (35). The re-
ported isolates, SS1, SS2 and SS3 isolated from Taptapani
hot spring were identified as B. barbaricus, A. veroni, and
S. maltophilia, respectively. They demonstrated all charac-
teristics of the heat-adapted amylase-producing bacteria.
The enzymes produced by them and the ones described
here in as Amy SS1, Amy SS2 and Amy SS3 confirm their po-
tentiality and stability even under the acidic conditions.
At elevated temperatures, they improve the solubility of
starch, decrease the viscosity, limit microbial contami-
nants and reduce the reaction time (36, 37), thus they
have promising industrial applications. These enzymes
established resistance in the presence of some antibiot-
ics and may have applications in pharmaceuticals. It is
recommended that the future works include the enzyme
efficiency increase to work under extremely harsh indus-
trial conditions by genetically engineering the microbes
or their products in order to achieve high production po-
tentials and wide industrial applications.
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