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Abstract: Amylolytic enzymes are a starch hydrolyzing important group of industrial enzymes with a multi-dimensional
utility. In the present study, endophytic bacteria were isolated from Potentilla fulgens Wall. and screened for their amylolytic
activity. Out of total 13 endophytic bacteria isolated, 3 of them showed positive results for amylolytic activity, i.e. production
of halo zone against blue background in starch-containing media. The most promising isolate was identified as Bacillus
subtilis subsp. inaquosorum PR-1. After 72 h of incubation, PR-1 exhibited maximum biomass (0.017 mg) and the overall
specific growth rate was recorded as 0.0126 h™'. Amylolytic enzyme activity of PR-1 was found to be optimal at 10 mg/mL
starch concentration in pH 7 at 50 °C temperature after 30 min of incubation. This indicates that the production of amylolytic
enzyme by the representative isolate was growth-dependent as well as preferable for industrial application. The enzyme
remained stable in the presence of surfactants, whereas it was inhibited by ethylenediaminetetraacetic acid. Metal ions
Ca2?*, Nat and Fe?" were found to increase the activity, while Ba?", Mg*t and Mn?* inhibited the activity. Activity
staining for amylolytic enzyme showing one major band in the starch native polyacrylamide gel electrophoresis confirmed
its active amylolytic activity with absence of isozymes with a molecular weight of 97.4 kDa. The amylolytic activity of PR-1
was also enumerated against the raw starch of Dioscorea alata L. where the highest amylolytic activity (50.46 U/mL) was
achieved in 10 mg/mL of raw starch after 2 h of incubation.

Key words: Potentilla fulgens; Bacillus subtilis subsp. inaquosorum; amylolytic enzyme; PAGE; endophytic bacteria;
Dioscorea alata.

Abbreviations: EDTA, ethylenediaminetetraacetic acid; PAGE, polyacrylamide gel electrophoresis; PMSF, phenyl methyl-
sulfonyl fluoride; SDS, sodium dodecyl sulphate.

Introduction

Endophytic bacteria are those, which are present in a
plant tissue either intercellular or intracellular without
any substantial harm to the host accompanied by some
metabolic activities (Zinniel et al. 2002). Endophytic
bacteria have been isolated from a range of plant species
including various economical crop as well as medici-
nal plants (Castro et al. 2014). They colonize inside
plants, get nutrition and protection from the host plants
and, in return, they produce a variety of secondary
metabolites and enzymes, which have the potential to
hydrolyze several plant-derived macromolecules (Zafer-
anloo et al. 2013). This interaction also provides the
plants to increase their ability to utilize nutrients from
soil (Deeb et al. 2013). Of the myriad ecosystems on
earth, generally a region with utmost biodiversity seems
to have more variety of endophytic bacteria (Strobel et

al. 2004), which are relatively unstudied and offer a po-
tential sources of novel natural products with biotech-
nological potential (Castro et al. 2014).

In general, microorganisms are important sources
of enzyme production due to their high production ca-
pability with low cost and propensity to genetic manip-
ulations (Dalvi & Anthappan 2007). The enzymes pro-
duced by the endophytic microorganisms occupy rela-
tively an unexplored site with elevated demand in in-
dustries due to their potentialities and industrial ap-
plications (Zaferanloo et al. 2014). Amylolytic enzymes
are an important group of industrial enzymes, which
can hydrolyze the glycosidic linkages in starch lead-
ing to the formation of soluble maltose and glucose
(Rasiah & Rehm 2009). They have different application
in many fields, such as clinical, medicinal and analytical
chemistries (Mishra & Behera 2008). Out of the differ-
ent source of derivation of an amylolytic enzyme, micro-
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bial sources meet the industrial demand (Pandey et al.
2000) with unique properties with respect to tempera-
ture, pH, substrate concentration, utilization of various
agents; which persuade the screening of endophytic mi-
crobes for the production of these enzymes (Najafi et
al. 2005; Liu & Xu 2008).

In starch-processing industries, there is an urgent
need to explore amylolytic enzymes having compe-
tent ability to hydrolyze raw starch under high con-
centration (Goyal et al. 2005). Concerning amylolytic
enzymes from endophytic microorganisms, endophytic
fungi were reported as their efficient producers (Sunitha
et al. 2012; Zaferanloo et al. 2014). Different raw starch
degrading amylase producing endophytic fungi, such as
Gibberella pulicaris, Acremonium sp., Synnematous sp.
and Nodilusporium sp., were reported by Marlida et al.
(2000). But only a few reports are available on amy-
lase production from endophytic bacteria as well as its
raw starch utilizing ability (Pimentel et al. 2011). This
entreaty has driven the exploitation of endophytic bac-
teria as enzyme sources for promising industrial appli-
cations in agriculture, medicine and food industry.

Meghalaya, which is a part of the Indo-Burma bio-
diversity hotspot, is the house of several herbal plants,
which have an immense scope for ethno-botanical stud-
ies (Hynniewta & Kumar 2008). Potentilla fulgens
Wall., belonging to the family Rosaceae, is a medici-
nal plant, which is consumed by the indigenous peoples
of Meghalaya to get rid of various ailments (Roy et al.
2010). But amylolytic potential of endophytic bacte-
ria harboured in this plant has not been explored so
far. Understanding the importance of amylolytic en-
zyme activity of endophytic bacteria, the present in-
vestigation dealt with isolation of endophytic bacteria
from Potentilla fulgens Wall., their amylolytic activity
and raw starch degradation efficiency, which have an
immense industrial momentousness.

Material and methods

Sample collection and isolation of endophytic bacteria
Twenty healthy Potentilla fulgens Wall. plants were col-
lected from natural forest covering the East-Khasi Hills and
Jaintia Hills districts of Meghalaya, India. Taxonomic iden-
tity of the plant was confirmed with the help of Herbarium
Curator of the parent University. The plants were placed in
sterile polyethylene bags, which were brought to the labo-
ratory in an ice box and processed within 24 h after col-
lection. Root, stem and leaf of the plants were separated,
washed thoroughly under running tap water to remove ad-
hering soil particles and the microbes. Root, stem and leaf
of the plants were surface sterilized according to Fisher et
al. (1992) with some minor modifications. The plant parts
were sterilized by sequential immersion in 10 mL of 70%
(v/v) alcohol for 5 min and 10 mL of sodium hypochlorite
solution (0.9%, w/v, available chlorine) for 20 min followed
by washed in sterile distilled water for 3—4 times to remove
surface sterilization agents.

To validate the effectiveness of surface sterilization, the
surface sterilized samples were washed in sterile distilled wa-
ter (thrice), then soaked in 5 mL sterile water and this ob-
tained sterilized sample (plant part) — water mixtures were
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stirred for 1 min. An aliquot of 0.5 mL water obtained above
(after removing the plant parts) was then inoculated on nu-
trient agar medium and the plates were examined for bacte-
rial growth after incubation at 30°C for 48 h. Samples, that
were not detected as contaminated by cultivable microor-
ganisms, were considered as successfully surface disinfected
and used for isolation of endophytic bacteria (Schulz et al.
1993).

Each surface-sterilized samples were aseptically sec-
tioned horizontally into 0.5 cm (diameter) for root and
stem and 1.0 cm X 2.0 cm rectangular pieces for leaf and
plated on nutrient agar plates (2 sections per plate) supple-
mented with 50 pg/mL cycloheximide to inhibit the growth
of fungus followed by incubation at 30°C for 7 days. These
plates were observed regularly for the emergence of bacte-
rial colonies. All morphologically different isolated bacterial
colonies were repeatedly sub-cultured for purification and
purified bacterial cultures were maintained at 15% (v/v)
glycerol suspensions at —80°C for long-term preservation.

Microscopic elucidation of abundant endophytic bacteria
colonizing the tissue of P. fulgens

Surface-sterilized thin, free-hand-cut tissue sections pre-
pared employing a fine razor blade and inoculated on nutri-
ent agar medium for 24 h followed by staining with Trypan
Blue were examined after mounting on acetone-washed au-
toclaved microscope slides under phase contrast microscope
(Thomas & Reddy 2013).

Screening of endophytic bacteria for amylolytic enzyme pro-
duction

Preliminary screening of the obtained isolates for amylolytic
enzyme production was performed by streaking the iso-
lates on starch agar plates supplemented with (%, w/v):
0.05 g peptone, 0.01 g KCI, 0.05 g MgSOy4 - 7TH20, 0.01 g
(NH4)2SO4, 0.01 g NaH2POy, and 1 g starch, in triplicate,
followed by incubation at 30°C for 24 h. Production of the
enzyme was detected by flooding the plates with Gram’s io-
dine reagent (0.01 M I /KI solution) (Srivastava & Baruah
1986).

Enzyme assay and protein concentration

The strain marked as PR-1 showing the largest halo zone
in starch agar plate was selected and incubated in starch-
beef extract broth (1.0 g starch, 1.0 g beef extract, 0.2 g
yeast extract, 0.01% MgSO4, pH 7) (Kar & Ray 2008) at
30°C with continuous agitation in orbital shaker at 120 rpm.
After every 24 h of incubation the culture was centrifuged
at 12,000 rpm for 5 min at 4°C and cell-free supernatant
was used for amylase assay. The reaction mixture containing
1 mL of 1% soluble starch, 0.1 mL of 0.1 M phosphate buffer
(pH 7) with 1 mL crude enzyme was incubated at 30°C for
30 min for enzyme-substrate reaction, which influence the
release of reducing sugar. To stop the enzyme-substrate re-
action, 0.25 mL of 0.1 M HCI was used and the amount
of reducing sugar produced was calculated by dinitrosali-
cylic acid method (Miller 1959) at 540 nm against blank.
All the experiments were conducted in triplicate and mean
of the three was represented as the units of enzyme pro-
duced per mL of substrate. One unit of amylase activity was
defined as the amount of enzyme that liberates 1 pmol of
glucose per min from starch under standard assay condition
(Mishra & Behera 2008). The percentage of relative values
of amylase activity in respect to control was determined us-
ing the following formula: relative activity (%) = (obtained
amount of sugar concentration / added substrate concen-
tration) x 100; where 1 mL enzyme filtrate with 1 mL of
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1% soluble starch, 0.1 mL of 0.1 M phosphate buffer (pH 7)
with incubation at 30°C for 30 min for enzyme-substrate
reaction served as control.

The total soluble protein concentration was also deter-
mined with bovine serum albumin as a standard (Lowry et
al. 1951). The specific activity of the enzyme was calculated
by dividing the enzyme activity to protein content to de-
termine the purity and quality of the enzyme (Ram et al.
1986).

Effect of temperature, pH and incubation time on amylolytic
enzyme activity

The effect of temperature on amylolytic enzyme was de-
termined by incubating the reaction mixture (1 mL of 1%
soluble starch, 1 mL crude enzyme and 0.1 mL of 0.1 M
phosphate buffer, pH 7) at various temperature ranges from
10°C t0 90°C in 20 °C increments for 30 min and the amount
of reducing sugar was calculated at each temperature. The
optimum pH of amylolytic activity was determined by in-
cubating the reaction mixture at different pH ranging from
4 to 10 at 30°C for 30 min of incubation. Since every buffer
has different pH range, hence pH 4-5 was maintained with
0.1 M acetate buffer, pH 6-8 with 0.1 M potassium phos-
phate buffer and pH 9-10 with 0.1 M glycine-NaOH buffer.
The effect of incubation time on enzyme production was
monitored by incubating the reaction mixture under assay
condition (1 mL of 1% soluble starch, 1 mL crude enzyme
and 0.1 mL of 0.1 M phosphate buffer, pH 7) for the range
of 10 min to 110 min.

Substrate specificity

The K and Vpax values as important factors determin-
ing the specificity of the enzyme to the substrate were
determined by varying the substrate (soluble starch) con-
centration from 1 to 20 mg/mL using a double reciprocal
Lineweaver-Burk plot.

Effect of different chemical reagents, metal ions and organic
solvents on amylolytic enzyme activity

Influence of various denaturing and metal chelating agents
such as sodium dodecyl sulphate (SDS), Triton X-100,
Tween-80, B-mercaptoethanol, hydrogen peroxide, ethylene-
diaminetetraacetic acid (EDTA) and phenyl methylsulfonyl
fluoride (PMSF) (1 mM and 5 mM concentration each)
on amylolytic enzyme activity was determined by pre-
incubation with enzyme at 30°C for 1 h followed by stan-
dard amylase assay. Similarly various heavy metal ions were
added as chloride salts at 1 mM and 5 mM concentrations
to carry out for the amylase assay. The effect of various or-
ganic solvents on the enzyme activity was carried out by the
addition of 10% and 20% of polar solvents, such as acetone,
ethanol, methanol, butanol and isoamy! alcohol by incubat-
ing for 1 h at 30°C followed by standard assay.

Polyacrylamide gel electrophoresis (PAGE) and SDS-PAGE
profiling of amylolytic enzyme

Amylolytic enzyme activity pattern of the strain PR-1 was
detected by starch-native-PAGE (7%). After running the
gel, it was soaked in a 50 mM phosphate buffer for 30 min,
and after that immediately transferred to 1% (w/v) solu-
ble starch solution for 30 min. Then, the gel was stained
with an acidic iodine solution (0.2% Iz and 2% KI in 0.2 M
HCI) at 37 °C till the development of a clear and transpar-
ent zone in the brown background indicating the location
of amylolytic enzyme activity (Whitehead & Cotta 1995).
For resolving the molecular weight of the amylolytic en-
zyme band, starch-SDS-PAGE (7%) was carried out with
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medium range molecular markers (Merck Millipore, India).
After running the samples, the slice containing markers was
cut and stained with 0.1% coomassie brilliant blue and rest
of the gel was gently shaken in 2.5% Triton X-100 at 4°C
for 1 h to remove SDS and reinstate the enzymatic activity
(Martinez et al. 2000) followed by staining with acidic iodine
solution. By comparing both the gel pieces, molecular weight
of the amylolytic enzyme band was calculated depending on
relative mobility of the protein with the molecular weight
markers (Whitehead & Cotta 1995).

Growth kinetics

The growth of PR-1 was measured in terms of cell biomass.
For biomass study, PR-1 was grown in 100 mL of starch-
beef extract broth at 30°C in orbital shaker at 120 rpm
followed by collection of 1 mL sample during each interval
of 24 h and was centrifuged at 8,000 rpm for 10 min at 4°C.
The supernatant was decanted from the tubes, air dried
for overnight and weighed to determine the biomass. The
specific growth rate (i) of the bacteria was calculated using
the formula: p = [3.322 x log (Mt2/Mty)]/dt, where Mt
and Mt; is biomass at t2 and t; time point, respectively
(Singh & Singh 2011).

Degradation efficiency of amylolytic enzyme of PR-1 on raw
starch

For the extraction of starch from the tubers of Dioscorea
alata L., the freshly harvested tubers (100.0 g) were peeled
and homogenized with 1 M NaCl (900.0 mL) solution us-
ing a commercial blender. The mixture was filtered through
triple layered cheesecloth and the granules of starch were
allowed to settle and water was discarded followed by cen-
trifugation at 3,000 x g for 10 min. Starch was allowed to
air dry overnight at room temperature (Riley et al. 2006).
For amylase assay, the reaction mixture contained 1 mL of
5-30 mg/mL raw starch of Dioscorea alata L., 0.1 mL of
0.1 M phosphate buffer (pH 7) with 1 mL crude enzyme.
The mixture was incubated at 30°C for 2 h and 8 h, re-
spectively, for enzyme-substrate reaction and the release of
reducing sugar was calculated by using dinitrosalicylic acid
method (Miller 1959) at 540 nm against blank.

Morphological and biochemical characterization of PR-1
Morphological criteria including Gram-staining, acid-fast
staining and spore staining were recorded using binocular
optical microscope (Dialux 20, Leitz, Germany). Biochem-
ical characterization of PR-1 was also performed following
the standard protocol (Holt et al. 1994). PR-1 was mounted
on stubs, splutter-coated with gold, and viewed on the scan-
ning electron microscope (JEOL Ltd., Japan JSM-6360) at
an accelerating voltage of 20 kV for viewing the morphology
of PR-1. The photomicrographs were recorded on Kodak
film (New York, USA).

DNA isolation, 16S rRNA gene amplification and sequenc-
ing

PR-1 was grown in Luria-Bertani broth at 30°C for 24 h
in an orbital shaking incubator. Total genomic DNA was
isolated by using standard procedure (Sambrook et al.
1989). 16S rRNA gene was amplified with universal bac-
terial primers 27F (5-AGAGTTTGATCCTGGCTCAG-3’)
and 1492R (5-GGTTACCTTGTTACGACTT-3’) on Ge-
neAmp PCR system 9700 (Applied Biosystems, USA) (Song
et al. 2011). The PCR reaction mixture consisted of 5 pL
10X buffer (with Mg®*™), 8 uL. ANTP mixture (1.25 mM
each), 0.5 pL of each primer, 1 pL of template DNA and
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1.0 puL of Taq polymerase (Merck Millipore, India) in a fi-
nal volume of 50 uL. PCR amplification parameters were
as follows: 94°C for 3 min of initial melting; 30 cycles of
94°C, 45 s, 55.5°C, 30 s, and 72°C, 90 s, and a final ex-
tension at 72°C for 7 min (Bhattacharjee et al. 2012). PCR
products were visualized on 1% agarose gels and the prod-
ucts were purified with QIAquick Gel extaction kit (Qiagen,
Germany) by following the manufacturer’s instructions and
sequenced with Big Dye Terminator v3.1 Cycle Sequencing
Kit (Applied Biosystem, USA).

16S rRNA gene sequences of the isolated strain and
its closely relative species were retrieved from EzTaxon-
e server (http://eztaxon-e.ezbiocloud.net/) and aligned us-
ing ClustalX2 programme (Larkin et al. 2007). The tree
topologies were evaluated by bootstrap analyses based on
1,000 replications with MEGA 6.0 (Tamura et al. 2013) and
consensus phylogenetic tree was inferred using neighbour-
joining and maximum likelihood methods considering FEs-
cherichia coli as outgroup with Kimura’s 2 parameter
model. Mr. Bayes v3.1.2 (Ronquist & Huelsenbeck 2003) was
used for Bayesian phylogenetic reconstructions adopting the
general time reversible model with ~ distributed rates and
invariant sites (GTR + I + G) of nucleotide substitution and
run until the mean standard deviation of split frequencies
was below 0.01. A consensus tree was constructed following
a visually determined burn-in of 25% (Bhattacharjee et al.
2012).

Statistical analysis

All experiments in the present study were performed in trip-
licates (n = 3) and the results were expressed in mean of
the three (average value + SD). The test data were analyzed
with the Student’s ¢ test (paired) and paired Z test for the
significance of differences between the two groups. Statis-
tical analyses for comparison of variances in experimental
data were performed using Levene’s test and Bartlett’s ho-
mogeneity of variances test. All the tests were conducted
at the significance level of 0.05. The Microsoft Office Ex-
cel 2003 (Microsoft Corp., USA), XLStat v7.5.2 (Addinsoft,
USA) and OriginPro 8 (OriginLab Corporation, USA) were
used for all statistical analysis.

Results

Isolation and identification of endophytic bacteria

To evaluate the population of endophytic bacteria in
Potentilla fulgen Wall. (Fig. S1), a total of thirteen en-
dophytic bacteria were isolated from surface-sterilized
root, stem and leaf of the plant (Fig. S2). The highest
number of endophytic bacteria was isolated from root
(n =T7) followed by leaf (n = 4) and stem (n = 2). The
presence of endophytic bacteria in the host cells un-
der phase contrast microscope was also characterized
by their active motility and wriggling movement. Live
bacterial cells exclude trypan blue and remain clear and
translucent in the microscopic field. In contrast, the dye
penetrates membranes of dead cells and stains them a
dark blue colour (Fig. S3).

On screening of all the isolates for amylolytic en-
zyme activity it was observed that out of thirteen iso-
lates only three of them were positive for amylolytic
enzyme activity having halo zone against blue back-
ground. The best isolate PR-1 showing the largest halo
zone was identified and characterized (Table 1). Based
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Table 1. Zone of amylolytic enzyme activity of endophytic bacte-
ria on starch agar plate.®

Isolate Zone Y Colony X Amylolytic activity
PS-2 2.8 0.3 2.5
PR-1 10.0 4.0 6.0
PR-3 24 0.2 2.2

@ Zone Y — diameter of the zone (Y, in mm); colony X — diameter
of the colony (X, in mm); amylolytic activity — zone of amylolytic
enzyme activity (Y-X, in mm).

Fig. 1. Scanning electron micrograph showing morphology of
Bacillus subtilis subsp. inaquosorum PR-1.

on microscopic observation, the PR-1 strain was re-
vealed as rod-shaped, Gram-positive with distinct bio-
chemical characteristics (Fig. 1, Table 2). It was iden-
tified up to species level using the 16S rRNA based on
phylogenetic analysis. A band of ~1,500 bp was ob-
tained from PCR-amplified product of total genomic
DNA of PR-1. PR-1 belongs to the genus Bacillus was
supported by the tested treeing algorithms showing a
high bootstrap value in the neighbour-joining analy-
sis (Fig. 2) and also higher degree of taxon separa-
tion in Bayesian phylogeny (Fig. S4). The isolate PR-1
was identified as Bacillus subtilis subsp. inaquosorum
PR-1 and its sequence was submitted to NCBI Gen-
Bank (Benson et al. 2013) under the accession number
JX566818.

Growth kinetics

The total biomass of B. subtilis subsp. inaquosorum
PR-1 was found to be 0.0013 mg after 24 h of growth
followed by highest biomass after 72 h of growth
(0.017 mg) and then declined progressively (Fig. 3).
The overall specific growth rate of B. subtilis subsp.
inaquosorum PR-1 was recorded as 0.0126 per h using
the formula concerning specific growth rate ().

Quantification of amylolytic enzyme activity

Amylolytic enzyme production of B. subtilis subsp. in-
aquosorum PR-1 gradually initiated at 24 h of growth.
Maximum amylolytic activity was observed at 72 h
of growth (50.46 U/mL) and it remains stable after
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Table 2. Comparison of morphological and biochemical characteristics of the selected endophytic isolate (PR-1) with the closest strain

(KCTC 13429).%

Characteristics PR-1

Shape Rod

Motility test +
Sporulation +, centrally present
Pigmentation Brownish black or none
Gram’s stain

Indole

Citrate test

Methyl red
Voges-Proskauer
Citrate utilization
Urease test

Oxidase test

Catalase test
Phosphatase test
Nitrate production test
Growth at

40°C

60°C

3% NaCl

5% NaCl

9% NaCl

Degradation

Starch

Tween-80

Urea

Aesculin

Casein

Elastin

Acid from

Glycogen

Glucose

Melibiose

Mannitol

Sorbitol

Antibiotics resistance
Kanamycin -
Penillin G -
Ampicillin -

+

I I ot e S AR A

I+ 4+ 1

+ 4+ ++

b

KCTC 13429

Rod
+
+, centrally or paracentrally present
None

Z++Z8+ +++ 1+ At A+

t++++

¢ PR-1 and KCTC 13429 mean Bacillus subtilis subsp. inaquosorum PR-1 and Bacillus subtilis subsp. inaquosorum KCTC 13429,
respectively; “+” and “~” indicate positive and negative, respectively; ND — not determined.
b Brownish black on glucose-containing media, none on tyrosine-containing media.

96 h. By comparing the amylolytic activity of B. sub-
tilis subsp. inaquosorum PR-1 with its growth kinetics,
it was observed that growth and amylolytic enzyme pro-
duction patterns were closely associated (Fig. 3). The
protein content of PR-1 after 72 h of incubation was
1.73 mg/mL with a specific activity of amylolytic en-
zyme 29.16 U/mg, which in turn represents the purity
of the enzyme.

Effect of temperature, pH and incubation time

In experimental data, significant differences were noted
between the different factors (temperature, pH and in-
cubation time) with enzyme activity at significance
level of 0.05. Amylolytic enzyme activity of B. subtilis
subsp. inaquosorum PR-1 was tested over the range of
10-90 °C in 20°C increments. The activity remains sta-
ble from 30 °C to 50°C with the maximum activity be-
ing recorded at 50°C (58.03 U/mL) after 30 min of in-
cubation; thereafter it declined subsequently (p < 0.05)
(Fig. 4a). The effect of different pH on activity of amy-
lolytic enzyme was detected over a wide range of pH

levels ranging from 4 to 10 and amylolytic enzyme
activity showed an increasing trend in the pH range
(pH 4-T7) reaching maximum at pH 7; after that it de-
creased gradually (p < 0.0001) (Fig. 4b). By incubating
the amylolytic enzyme at 30°C in pH 7 for the range
of 30-110 min concluded that the enzyme exhibited
maximum activity in the range 30-70 min of incuba-
tion (p < 0.05) (Fig. 4c). Results from the analysis
of comparison of variances using Levene (F = 5.231,
p < 0.001) and Bartlett (x? = 26.941, p < 0.0001) tests
infers the significant inequality of variances in enzyme
factors.

Enzyme kinetics

By observing the effects of various substrate concen-
trations (1-20 mg/mL) on amylolytic enzyme activ-
ity, it was found that enzyme worked best in between
5-10 mg/mL of soluble starch concentration with op-
timum at 10 mg/mL; further increase in starch con-
centration did not influence the amylase production
(Fig. 5). The K, and Viax values were calculated as
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93-|— B PR-1JX566818
)| | Bacillus subtilis subsp inaquosorum BGSC

o
(=]

d Bacillus subtilis subsp subtilis NCIB 36
Bacillus tequilensis 10bT/HQ223107

9 Brevibacterium halotolerans DSM 8802T/AM
|- Bacillus mojavensis ROH1T/JH600280

35|f Bacillus subtilis subsp spizizenii NRRL

AL Bacillus vallismortis DV1F3T/JH600273

Bacillus atrophaeus JCM9070T/AB021181

- Bacillus amyloliquefaciens subsp amyloli

Bacillus siamensis KCTC 13613T/AJVF01000

o
=~

°L Bacillus amyloliquefaciens subsp plantar

@ E.coli ATCC 25922 DQ360844

| |
0.02

Fig. 2. Neighbour-joining method analysis of 16S rRNA gene sequences of selected strains and its closest phylogenetic neighbours
considering FEscherichia coli as an outgroup. Bootstrap values, expressed as percentage of 1,000 replications, are indicated at nodes.
Bar means 2% sequence divergence. Filled square box and filled circle represent the studied isolate and the outgroup, respectively.
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Fig. 3. Amylolytic enzyme activity pattern of the isolate and its
relationship with cell biomass at respective hours of incubation.

2.7 mg/mL and 40.74 U/mL using a double reciprocal
Lineweaver-Burk plot.

Effect of different chemical reagents, metal ions and or-
ganic solvents on amylolytic enzyme activity

Various agents documented that the amylolytic en-
zyme activity remained almost stable with SDS, Tween-
80 and Triton X-100, but it was inhibited by EDTA,
PMSF, HyO2 and (-mercaptoethanol up to 30-40%
in comparison with control (Table 3). Note that the
control was the reaction mixture containing 1 mL of
1% soluble starch, 0.1 mL of 0.1 M phosphate buffer
(pH 7) with 1 mL crude enzyme, which was incubated

at 30°C for 30 min for enzyme-substrate reaction. The
action of metal ions on amylolytic enzyme activity var-
ied. One mM Ca?t, NaT, Fe?T increase the activity by
64%, 12% and 36%, respectively, however 5 mM Ca?*,
Nat and Fe?" increase the activity by 58%, 5% and
27%, respectively, in respect to control. The remaining
metal ions, such as Ba?t, Mg?t and Mn?*t inhibited
the amylolytic enzyme activity by 14-48%. The impact
of organic solvents on amylolytic enzyme activity was
also studied and showed an inhibition of the activity up
to 35-38% (Table 3).

PAGE and SDS-PAGE profiling of amylolytic enzyme

Presence of a single band in activity staining of starch-
native-PAGE confirmed the secretion of active amy-
lolytic enzyme production. The molecular weight of
the band was estimated 97.4 kDa in starch-SDS-PAGE

(Fig. 6).

Raw starch degradation efficiency of amylolytic enzyme
The potential of raw starch degrading activity of amy-
lolytic enzyme from B. subtilis subsp. inaquosorum PR-
1 was increased from 5 to 10 mg/mL of raw starch where
maximum was obtained with 10 mg/mL after 2 h of
incubation (50.46 U/mL). This subsequently declined
with increasing concentration of raw starch. Similar
tendency of degradation efficiency was also observed
with 8 h of incubation where maximum activity was
observed with 10 mg/mL raw starch (49.94 U/mL).
The results demonstrated that the maximum hydrol-
ysis occurs during 2 h of incubation at 10 mg/mL

concentration of raw starch from Dioscorea alata L.
(Fig. 7).
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Fig. 4. Amylolytic enzyme activity pattern of the isolate after 72 h of incubation at different incubation temperature (a), pH (b) and
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Fig. 5. Effect of substrate concentration on enzyme activity showing with double reciprocal Lineweaver-Burk plot.

Discussion

Endophytic bacterial communities interact with plants
and obtain nutrients without any harm to the host. Due
to their capability of producing secondary metabolites,
endophytic bacteria mainly belonging to the genera
Pseudomonas, Burkholderia and Bacillus are important
for biotechnological studies (Lodewyckx et al. 2002).
Previously, endophytic bacteria were isolated from dif-
ferent medicinal plants including Gynura procumbens,
Azadirachta indica, Curcuma longa, Eucalyptus glob-
ules, Musa paradiasica. Zingiber officinale, Strobilan-
thes crispa, Withania somnifera, Tridaz procumbens,
Aloe vera and Lantana camara (Bhore et al. 2010; In-
gle 2011; Jalgaonwala & Mahajan 2011; Bhore and
Tiong 2012; Janardhan & Vijayan 2012; Preveena &

Bhore 2013; Jasim et al. 2014; Prakash et al. 2014).
The enzymes from microbial sources are considered
more important in agriculture, industry and human
health as they are more stable than the enzymes de-
rived from plants and animals sources (Jalgaonwala &
Mahajan 2011). Among bacterial community, Bacillus
subtilis, Bacillus amyloliquifaciens, Bacillus cladolyti-
cus, Pseudoalteromonas sp. were known as an efficient
degrader of starch by producing amylolytic enzymes
(Thippeswamy et al. 2006; Tao et al. 2008).

The present research work was undertaken to ex-
plore amylolytic enzyme from a bacterium of endo-
phytic origin, B. subtilis subsp. inaquosorum PR-1 from
Potentilla fulgen, and to optimize its culture conditions
with raw starch digesting ability. This may lead to using
the enzyme as an additive in starch-processing indus-
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Table 3. Influence of metal ions, surfactants, oxidizing agents, re-
ducing agents and organic solvents on amylolytic enzyme activity.

Agents Relative activity (%)
Control 90.83
1 mM Na™t 103.02
5 mM Nat 96.36
1 mM Ba?t 55.80
5 mM Ba?t 41.00
1 mM Ca?t 154.62
5 mM Ca2t 148.56
1 mM Mg2?t 60.70
5 mM Mg2+ 45.85
1 mM Mn?t 65.77
5 mM Mn2+t 41.97
1 mM Fe?+ 127.62
5 mM Fe?t 117.80
SDS 86.99
Triton X-100 88.15
Tween-80 82.69
B-Mercaptoethanol 57.24
Hs09 51.25
1 mM EDTA 53.52
5 mM EDTA 51.76
1 mM PMSF 53.16
5 mM PMSF 52.98
10% Acetone 53.06
20% Acetone 51.93
10% Butanol 53.79
20% Butanol 53.24
10% Ethanol 53.74
20% Ethanol 54.03
10% Isoamyl alcohol 53.03
20% Isoamyl alcohol 55.65
10% Methanol 53.38
20% Methanol 54.97

try. The occurrence of the highest number of endophytic
bacteria was observed in the case of root of Potentilla
fulgen, which can be supported by the previous study
(Jin et al. 2014).

Generally, an amylase production is affected by cel-
lular growth of bacteria (Riaz et al. 2008). Most of bac-
teria produce maximum amylase during their logarith-
mic or the exponential phase of growth with a restric-
tion in the stationary phase (Davis et al. 1980). The
results recorded in the present study showed confor-
mity with the amylase production by Nocardiopsis sp.
of yam bean (Stamford et al. 2001). On the other hand
Bacillus coagulans was reported to produce a maximum
thermostable amylase after 48 h up to 72 h of incu-
bation (Babu & Satyanarayana 1993) and Bacillus sp.
isolated from industrial waste was reported to require
80 h for optimum amylase production (Thippeswamy et
al. 2006). The relation between growth of bacteria and
its amylase activity suggests that the cellular develop-
ment is associated with amylase production (Cordeiro
et al. 2002). Again, the amylolytic enzyme activity of
B. subtilis subsp. inaquosorum PR-1 was found to be
superior than those of Nocardiopsis sp. — an endophytic
actinomycete isolated from yam bean (Stamford et al.
2001), and Streptosporangium sp. — an endophyte of
maize leaves (Stamford et al. 2002).

Changing of temperature, pH, substrate concentra-
tion are some of important factors for the performance
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Fig. 6. Electrophoretic profiling of amylolytic enzyme of the iso-
late in 7% starch-SDS-PAGE. Left lane: amylase; right lane: pro-
tein molecular weight markers.
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Fig. 7. Amylolytic enzyme activity pattern of the isolate after 2 h
and 8 h of incubation at different concentration of raw starch of
Dioscorea alata L.

of amylase activity (Nielsen et al. 2001). Optimum amy-
lase activity at 50°C or above is a characteristic feature
of moderately thermostable microorganisms of indus-
trial importance (Kar & Ray 2008). Amylolytic enzyme
activity described in the present research work reveals
that the optimum amylolytic enzyme production was
at 50°C, which makes it suitable for industrial appli-
cations. The result is analogous with an alkalophilic
Bacillus sp. strain GM8901 (Kim et al. 1995). Differ-
ent strains of Bacillus sp. were also reported to require
60 °C and 70°C for optimum a-amylase activity (Goyal
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et al. 2005; Thippeswamy et al. 2006).

Each microorganism requires a specific pH range
for its growth and activity (Sivaramakrishnan et al.
2007). Generally, Bacillus sp. showed maximum amy-
lase activity between the pH range 5.0-8.0 (Sajedi et
al. 2005). But some of the amylases exhibited their op-
timum activity at lower pH values (Sajedi et al. 2005),
which makes them attractive from the industrial point
of view. Amylases active at alkaline pH are also signif-
icant for industrial purposes (Annamalai et al. 2011).
During the assay period, the amylolytic enzyme activity
of B. subtilis subsp. inaquosorum PR-1 showed a high
range of pH stability from acidic to neutral pH. A sim-
ilar result was also reported from an amylase produced
by Bacillus sp. (Cordeiro et al. 2002).

B. subtilis subsp. inaquosorum PR-1 exhibited
maximum amylolytic enzyme production at 1% starch
concentration, which is similar with the observations by
Kar & Ray (1995). In contrast, maximum enzyme ac-
tivity was also observed at 2% of starch concentration
(Mishra & Behera 2008). Generally, increase in con-
centration of starch (above 1%) did not increase the
enzyme activity, since enzyme production was compar-
atively lower with higher concentration of starch as the
time required to reach the maximum enzyme level was
longer (Baks et al. 2006). The K,, value differs in vari-
ous species of Bacillus (Bano et al. 2011). Lower the K,
value indicates higher specificity of the enzyme towards
substrate. The K,, value of B. subtilis subsp. inaquoso-
rum PR-1 was lower than that of alkaliphilic Bacillus
sp. isolate ANT-6 (Burhan et al. 2003) and almost sim-
ilar to that of B. subtilis KIBGE HAS (Bano et al.
2011).

Organic solvents tolerating enzymes are mainly
important for industries dealing with bioremediation
(Shafiei et al. 2011). But amylolytic enzyme activity
described in this study was found to be inhibited in
presence of the organic solvents.

Kumar et al. (2010) reported that the enzymes
independent of surfactants are generally useful for in-
dustrial purpose. However, Vijayabaskar et al. (2012)
reported that SDS and Tween-80 stimulate the amy-
lase activity. According to Bano et al. (2009) Triton
X-100 increases the activity, but its decrease by SDS
and Tween-80 indicate that surfactants have different
effect on the same type of enzyme. Among the vari-
ous surfactants tested in the present study, amylolytic
enzyme production was found to be little effected by
SDS, Tween-80 and Triton X-100, which is similar to
the results of Kumar et al. (2010).

The effect of inhibitors on amylolytic enzyme activ-
ity is also varying. It was found that the present enzyme
was inhibited by EDTA, PMSF, S-mercaptoethanol and
H305. Generally, an amylase inhibited by EDTA re-
quires metal ions for its activity (Kumar et al. 2010).

Metal ions play a vital role in the activity of an
amylolytic enzyme. Some amylases require metal ions
to get stimulated (Najafi et al. 2005). Bano et al. (2009)
reported that metal ion, such as Ca?t, Fe?t, Mg?*
and Mn?* accelerated the amylase activity, whereas the
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same enzyme was inhibited by Nat and Ba2*. However,
Vijayabaskar et al. (2012) reported a positive influence
of Nat ion on amylase activity. Among the tested metal
ions of this study it was observed that amylolytic en-
zyme activity was enhanced with Ca?*, Nat and Fe?*
at 1 mM and 5 mM concentration each. It indicates
that this enzyme requires these metal ions as co-factors
for its activity. However, Ba?t, Mg?* and Mn?t de-
creased the amylolytic enzyme activity, which could be
due to the destruction or blockage of the enzyme active
site (Bano et al. 2009; Karmakar & Ray 2011). The
probable insight to this is the competition between the
exogenous cation and the enzyme-associated cation of
the metalloenzymes like amylase, resulting in decreased
enzyme activity (Leveque et al. 2000).

There are several reports available of a-amylase
production by various Bacillus sp. whose molecular
weight ranged from 42 to 150 kDa (Kumar et al. 2010).
The difference in molecular weight of amylase is the re-
sult of corresponding gene that codes for the amylase
(Sidhu et al. 1997). The molecular weight of amylolytic
enzyme of B. subtilis subsp. inaquosorum PR-1 is quite
similar to the 94.5 kDa amylase produced by Alicy-
clobacillus acidocaldarius (Kumar et al. 2010).

Previously, many studies have been done on amy-
lolytic enzyme capability to degrade various sources
of raw starch granules. For example, corn, wheat and
potato starch by Bacillus sp.YX-1 (Liu and Xu 2008),
potato starch by Bacillus sp. (Goyal et al. 2005), sago
starch by Aspergillus awamori (Matsubara et al. 2004),
rice starch by Aspergillus awamori (Matsubara et al.
2004), cassava and corn starch by Bacillus aquimaris
MKSC 6.2 (Puspasari et al. 2012), tuber starches of
white yam, cassava, sweet potato and cocoyam by As-
pergillus niger AMO7 (Omemu et al. 2005), cassava
starch by Aspergillus fumigatus KIBGE-IB33 (Pervez
et al. 2014). But Dioscorea alata containing 75-84% of
starch (Riley et al. 2006) was not explored previously
for its starch conversion process using an amylolytic en-
zyme. Generally, the substrate used in starch processing
industry contains only 15% starch (Goyal et al. 2005).
Due to the inhibitory effect of the substrates or prod-
ucts on the enzyme activity, only few reported amylases
can be able to draw the industrial importance in case of
raw starch hydrolysis. Hence there is an urgent need to
explore amylolytic enzyme, which can increase the di-
rect hydrolysis of raw starches under high concentration
(Liu & Xu 2007). The amylolytic enzyme of B. subtilis
subsp. inaquosorum PR-1 can efficiently hydrolyze dif-
ferent concentration of raw starch of Dioscorea within a
short period of time, it will be economically attractive
for starch processing industry.

From the present research work, it can be con-
cluded that endophytic B. subtilis subsp. inaquosorum
PR-1 obtained from Potentilla fulgens of Meghalaya is
a potential source of amylolytic enzyme with starch as a
substrate. Additionally, the enzyme was found to show
optimum activity under moderate temperature (50°C)
and broad range of pH stability with metal dependence.
Its capacity to digest raw starch makes the amylolytic
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enzyme of the organism suitable for various industrial
applications.
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