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ABSTRACT

The Helicoverpa armigera (Hubner) (Lepidoptera: Noctuidae) is a polyphagous insect pest of agriculturally important crops. The alkaline
gut of this insect pest possesses diverse bacterial communities which may assist in digestive physiology. As part our investigations of
understanding the role of gut bacterial communities in insect gut, here amylase producing competency of earlier identified H. armigera
gut bacterial strain, i.e., Bacillus subtilis RTSBA6 6.00 is reported. Initial screening for amylase activity was assessed by starch agar plate.
Upon 7% sodium dodecyl sulfate polyacrylamide gel electrophoresis amylase zymography, bacterial culture supernatant produced seven
amylase bands on the gel. The observed molecular weights of amylases were 191.2 KDa, 158.0 KDa, 131.7 KDa, 54.0 KDa, 31.3 KDa,
67.2 KDa, and 44.6 KDa, respectively. Considerable amylase activity was observed in neutral to alkaline pH with optimum at pH 6.8.
The optimal activity temperature of amylases was found to be 50°C, and the activity decreased dramatically at temperatures above 75°C.
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INTRODUCTION

he symbiotic associations of gut bacterial communities
I with the host insects are imperative for the host
fitness leading to nutrition, development, resistance to
pathogens, and reproduction.?! This class of microorganisms
is not only contributing in metabolic activities but also behavior
of insect hosts.*# Improved digestion efficiency of host insects
is attributed to digestive enzymes expressed by gut bacterial
communities.”® The secretion of cellulases and lignases enzymes
by gut bacterial communities provides glucose and fatty acid
to host insect.’® The bacterial communities associated with
lepidopteran insects recently gained attention from scientific
community. Some of these insects are considered the most
damaging agricultural and forest pests worldwide. Helicoverpa
armigera is a devastating insect pest of agricultural crops such
as cotton, chickpea, pigeon pea, tomato, sunflower, okra, and
corn.'™ The use of modern chemical and biological insecticides
has limited success in management due to adaptation acquired
by this insect pest.#!

The detailed exploration of gut bacterial community and
their contribution in host digestive physiology and adaptation
to insecticides is necessary to cope of these insect pests. The
multitrophic association of gut bacterial communities with
H. armigera explored.”!!! The bacterial strain Bacillus subtilis
RTSBAG6 6.00 isolated from gut of H. armigera is reported to
secrete proteases enzymes.!'®) This proteolytic arsenal may
help H. armigera to contribute in digestion and adaptation.

Earlier, gut bacterial strain with serine protease activity from
velvetbean caterpillars was reported.?!

In present communication, the H. armigera gut isolated
bacterial strain B. subtilis RTSBA6 6.00 explored further for
its ability to produce amylase enzymes. Amylases are digestive
enzymes that act in the first step of maltopolysaccharide
digestion. They cleave o 1-4 glycosidic linkage exists in starch.
Insects feed on plants for carbohydrates (starch and cellulose)
during different stages of their lives and dependent on starch
hydrolyzing enzymes for its survival. The amylase action is
necessary to improve digestive performance of insects leading
to survival within different living conditions and increase their
biological fitness.[*® Furthermore, the bacterial communities
expressing amylases is receiving more significance due to
their potential role in food, pharmaceutical, and fine chemical
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industries. We identified and characterized several isoform
of amylases produced by B. subtilis RTSBA6 6.00. Initial
detection of amylase activity was carried on starch agar plate.
The optimum temperature and pH were estimated by solution
assays. Amylase isoforms analysis was done by zymography
technique.

MATERIALS AND METHODS

Isolation, Cultivation, and Identification
of Bacteria

Earlier isolated H. armigera gut bacterial strain, identified, and
characterized by fatty acid methyl ester-based analysis!!%4
were used in the present investigation.

Detection of Amylase by Agar-plate
Method

Primary screening of bacterial strain B. subtilis RTSBA6 6.00
for amylase activity was done by starch hydrolysis on the solid
media containing 1% starch, 0.3% beef extract, and 1.2% agar.
Strain was inoculated on the media plate and incubated for
24 h at 37°C.["*! Plate was stained with starch specific Lugol’s
solution (0.1% iodine and 1% KI), and zone of clearance
(o-amylase activity) was observed visually.

Amylase Production

The strain of B. subtilis RTSBA6 6.00 was cultured in starch
broth. The starch broth was prepared by mixing all ingredients
except starch together in Milli-Q water. The pH of broth was
adjusted to alkaline condition before sterilization at 121°C for
15 min. Starch solution was separately sterilized at 121°C for
15 min. These solutions were mixed aseptically before use. The
culture was incubated at room temperature on shaker for 48 h.
The cells were harvested by centrifugation at 6000 rpm, 4°C
for 20 min. The supernatant was used as crude enzyme source
for further studies. The protein concentration was estimated
by Folin—phenol reagent!’® using bovine serum albumin as
standard.

Starch Zymography

For starch zymography, 7% sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) was carried
out according to the method of Laemmli."”! 0.1% soluble
starch was incorporated in the gel. About 100 upg of crude
protein was loaded on gel with standard molecular weight
markers (Genei). After electrophoresis, gel was washed twice
at room temperature in a solution of 2.5% Triton-X 100 for
30 min. After gentle washing with Milli-Q water, the gel was
incubated in 0.1 M Tris—HCL (pH 8) at 37°C for overnight. The
gel was stained with Lugol’s solution, and the zones of starch
clearance were detected.

Molecular Weight Determination

The molecular weight of a-amylase isoforms was determined
by comparing its electrophoretic mobility with that of standard
proteins having known molecular weights. SDS-PAGE was
carried out using 7% resolving gel.l'”!

Enzyme Activity Assay

Amylase activity was determined by spectrophotometric
method as described by Fisher and Stein.!*®! According to the
procedure, 1.0 ml of crude enzyme into a test tube and 1 ml
of 1% soluble starch in 0.1 M Tris—=HCL (pH 8) were added
in test tube. The test tubes were covered and incubate at
35°C for 15 min in water bath. Then, 2.0 ml DNSA (1% 3,
5-dinitrosalicylic acid, 30% sodium potassium tartrate, and
0.2 M NaOH) reagent was added in each tube to stop the
reaction and kept in boiling water bath for 5 min. After cooling
at room temperature, the absorbance was read at 540 nm by
spectrophotometer.

Effect of pH on Amylase Activity

The effect of different pH on the activity of amylase was
examined using standard DNSA assay as described previously.
Amylolytic pattern of amylase at different pH was observed on
7% starch zymography. After electrophoresis, the gel was cut
and the stripes of gel were washed twice at room temperature
in a solution of 2.5% Triton-X 100 for 30 min. Each strip of gel
was incubated in 0.1 M acetate buffer for pH 2.8, 3.8; 0.1 M
phosphate buffer for pH 5.8 and 6.8;0.1 M Tris—-HCL pH 7.8,
8.8 and 9.8. 0.1 M Tris—NaOH for pH 11.8, respectively at 37°C
for overnight and the gel was stained with Lugol’s solution and
the zones of starch clearance were detected.

Effect of Temperature on Enzyme Activity

The influence of heating on the catalytic activity of amylases
was determined by pre-incubation for 10 min at different
temperatures ranging from 35, 40, 45, 50, 55, 60, and 65°C,
followed by cooling and measuring the remaining activity. The
stability of amylase at different temperature was observed by
loading pre-incubated sample on 10% starch zymography as
described previously.

RESULTS AND DISCUSSION

This study deals with deciphering amylase producing
competency of bacterial strain which was isolated and
identified as B. subtilis RTSBA6 6.00 from gut of fourth instar
larvae of H. armigera.l'® The strain was Gram-positive spore
forming. This strain was screened for amylase activity using
starch agar plate method. The starch agar is a differential
medium that assesses the ability of an organism to produce
starch hydrolyzing enzymes, namely amylase. In principle, the
inoculated microorganisms hydrolyze starch present in medium
upon incubation at an appropriate temperature. Starch can be
stained with Lugol’s solution which turns blue-black. Absence
of the blue-black color indicates starch hydrolysis. Here upon
initial detection, the presence of clear zone of starch hydrolysis
was observed around the growth of B. subtilis RTSBA6 6.00 on
the plate [Figure 1]. Amylase cleaves the starch into di- and
oligosaccharides which are transported into the cell to be
catabolized. In general, all Bacillus species have potential to
produce the amylase.**!

The pure culture of B. subtilis RTSBA6 6.00 was cultured
in starch broth for amylase production with optimum
parameters. The supernatant recovered after centrifugation
was used for further characterizations. The amylase in
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the supernatant was separated into seven bands on the
non-reducing 7% SDS-PAGE amylase zymography [Figure 2].
This is an electrophoretic technique used to study amylase by
means of thin gels containing copolymerized starch, under
non-reducing conditions. The formation of clear zones against
a dark background in the gel stained with Lugol’s solution
indicated the presence of amylolytic activity.? The zone
of starch clearing corresponded to a migration distance of
amylase by comparison to the molecular weight standards
used in the study. These amylases showed differential
mobility on the gel resulting different molecular masses. The
major amylase bands were observed with molecular weights
191.2 KDa, 158.0 KDa, 131.7 KDa, 54.0 KDa, and 31.3 KDa,
respectively. Two moderate intensity bands were also observed
with molecular weights 67.2 KDa and 44.6 KDa.

In our study, we found that, amylase isolated from
B. subtilis RTSBA6 6.00 showed optimum activity in slightly
neutral pH (6.8) as shown in Figures 3 and 4. This parameter

Figure 1: Screening of Bacillus subtilis RTSBA6 6.00 for amylase
activity. Strain was streaked on agar plate containing 1% starch,
incubated for 24 h at 37°C. The clear zone indicated the hydrolysis
of starch
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assessed under standard assay conditions and zymographically.
These amylases had a relatively low activity in acidic pH range,
i.e., pH 2.8. The amylases were found to be most active at the
neutral to alkaline pH range.

The optimal pH for amylases of most of the insect species
was found to be neutral to alkaline pH range, which is near
to our finding for B. subtilis RTSBA6 6.00 isolated from gut of
H. armigera."! The stability of these amylases in the alkaline
region indicates that they may be potentially used in digestive
physiology of insect.

Beside pH, temperature is crucial factors that affect
enzymatic activity. Bacterial amylases were optimally active at
temperatures ranging from 35 to 55°C, with a decline in activity
above 75°C [Figures 5 and 6]. The optimum temperature was
found to be 50°C. Beyond temperature 75°C decline in activity
might be attributed to denaturation of amylases. Earlier
amylase with optimum activity in slightly higher temperature
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Figure 3: Non-denaturing 7% sodium dodecyl sulfate polyacrylamide
gel electrophoresis zymography showing the influence of pH on the
amylase activity of Bacillus subtilis RTSBA6 6.00

e

0.7
0.6
0.5 1
0.4 -
0.3
0.2
0.1 1

0 . : . . . . T

0 2 4 6 8 10 12 14
pH

540 nm

Optical density at

Figure 2: Non-reducing 7% sodium dodecyl sulfate polyacrylamide
gel electrophoresis amylase zymography of proteases produced by
Bacillus subtilis RTSBA6 6.00

Figure 4: Effect of different pH values on amylolytic activity of
Bacillus subtilis RTSBA6 6.00. Samples were assayed by standard
procedure using starch as substrate
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Figure 5: Non-denaturing 7% starch sodium dodecyl sulfate
polyacrylamide gel electrophoresis showing the influence of
temperature on the amylase activity of Bacillus subtilis RTSBA6 6.00
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Figure 6: Effect of different temperatures on amylolytic activity
of Bacillus subtilis RTSBA6 6.00. Samples were assayed by standard
procedure using starch as substrate mentioned in material and
methods

range than the physiological temperature was reported form
Bacillus species.!??

The gut of H. armigera has an alkaline pH, and B. subtilis
RTSBAG6 6.00 was found to grow and degrade starch at neutral
to alkaline pH. The presence of bacteria producing several
amylases with optimal activity in alkaline region could be
advantageous to H. armigera. Here, it might be possible that
these bacterial amylases contribute to amylolytic arsenal of
H. armigera, which feeds on carbohydrate rich part of plants.
Optimal activity at near alkaline pH in lepidopterans may be
an adaptive response for the digestion of their diets.”®! The
characterization of microbial amylase with thermo stability
and activity in wide pH range may also found industrial
applications, and hence, our future investigation will focus on
the detailed investigations of these microbial amylases.
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