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The present study, deal about the antibiosis activity of soil bacteria, isolated from 10 different locations of
rhizosphere and diverse cultivation at Kochi, Kerala, India. The bacteria were isolated by standard serial
dilution plate techniques. Morphological characterization of the isolate was done by Gram’s staining and
found that all of them gram positive. Isolated bacteria were tested against 6 human pathogens viz.,
Escherichia coli, Enterococcus sp., Pseudomonas aeruginosa, Klebsiella pneumoniae, Staphylococcus aureus
and Acinetobacter sp. Primary screening was carried out by perpendicular streaking and seed overlay
method. Based on the result of primary screening most potential isolates of S1A1 and S7A3 were selected
for secondary screening. Both the isolates showed positive results against Enterococcus sp. and S.aureus.
The maximum antagonistic activity of 20.98 and 27.08 mm zone of inhibition was recorded at S1A1
against Enterococcus sp. and S. aureus respectively, at 180 ml concentration. Molecular identification
was carried out by 16S rRNA sequence. The 16S rRNA was amplified from the DNA samples by using
PCR. The amplified 16S rRNA PCR products were purified and sequenced. The sequences were subjected
to NCBI BLAST. The isolates S1A1 and S7A3 BLAST results showed 99% and 95% respectively, similarity
with the available database sequence of Bacillus amyloliquefaciens. The sequences were deposited in
GenBank and the accession numbers KY864390 (S1A1) and KY880975 (S7A3) were obtained.
� 2018 Production and hosting by Elsevier B.V. on behalf of Academy of Scientific Research & Technology.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).
1. Introduction

Eight decades ago the antibiotics was discovered, they have rev-
olutionised the treatment of infections, transforming once deadly
diseases into manageable health problems [1]. Availability of effec-
tive antibiotics has revolutionized public health and has been
responsible for enabling countless advancements in medical care;
enabled by effective antibiotic therapies have, in turn, created a
crisis where many antibiotics are no longer effective against the
simple infections. Such infections often result in an increased num-
ber of hospitalizations, more treatment failures and the persistence
of drug-resistant to pathogens [2].

From the 1980 to the early 2000s, there was a 90% decline in the
approval of new antibiotics. Many companies have shifted away
from drug development due to scientific, regulatory, and economic
hurdles that proved antibiotic development to be less attractive
compared with more profitable therapeutic areas [3]. The microbes
are continuing to become more resistant, the antibiotic pipeline
continues to diminish, and the majority of the public remains una-
ware of this critical situation. This has led to a current situation
where, infectious diseases alone kill roughly 13 million people
worldwide, annually, a toll that continues to rise, aided and
assisted by resistance genes.

The crude infectious disease mortality rate is 416.75 per
100,000 persons (calculations based on World Bank data and the
Global Burden of Disease, 1990) and is twice the rate prevailing
in the United States when antibiotics were introduced (roughly
200 per 100,000 persons). About 2 million infections and 23,000
deaths are caused by antibiotic resistance pathogens per year in
United States. In Europe 25,000 people die every year due to antibi-
otic resistant bacteria. About 2.2 million deaths in diarrheal disease
[4]. The prevalence of antibiotic-resistant Streptococcus pneumonia
has increased over the last decade in the United States. The propor-
tion of pneumococci non susceptible to penicillin has reached 35%
in some areas [5].
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The major drive of resistance is due to continuous uses of
antibiotics. It is predictable in any environment where antibiotics
are released. Bacteria acquire resistance to antibiotics, due to the
wide availability of antibiotics, and their improper usage and dis-
posal. In 2010, India was the world’s largest consumer of antibi-
otics for human health at 12.9 � 109 units (10.7 units per
person). The next largest consumers was China at 10.0 � 109 units
(7.5 units per person) followed by US at 6.8 � 109 units (22.0 units
per person). Seventy-six percent of the overall increase in global
antibiotic consumption between the years 2000 to 2010, due to
BRICS countries, (Brazil, Russia, India, China, and South Africa).

In BRICS countries, 23% of the increase in the retail antibiotic
sales in India, and up to 57% of the increase in the hospital sector
in China [6]. Antimicrobial drugs used for prophylactic or thera-
peutic purposes in human, veterinary and agricultural purposes
also favours the survival and spread of resistant organisms [7].
Agricultural use accounts for at least half of the antibiotics pro-
duced in the United States [8].

The improper disposal of animal waste and its excessive appli-
cation as fertilizers also leads to the spread of resistance in Soil
bacteria (potentially by lateral gene transfer), which then serve
as persistent reservoir of antibiotic resistance. Besides, poultry, cat-
tle, and swine raised with antibiotics harbour significant popula-
tions of antibiotic-resistant bacteria, which are transmitted to
humans through direct contact with the animals and through their
meat, eggs, and milk [9].

Growing antimicrobial resistance and a diminishing antibiotic
pipeline have resulted in an emerging post-antibiotic era, as
patients are now dying from bacterial infections that were once
treatable. Now it is important to research deliberately for the
development of new, safe and effective antibiotics to combat the
menace of concomitant MDR (Multi drug resistant pathogens [10].

As natural products have a novel structure, they remain to be
the major promising source of secondary metabolites [11] and also
served as antibacterial activity against pathogenic bacteria [12].
The natural products obtained from microorganisms still appears
as the most auspicious source of the future antibiotics [13]. Among
the different unexplored habitats, soil is considered as one of the
most suitable environments for microbial growth [14], the
microorganisms which have been isolated from the soil is leading
in the source of antibiotic discovery. Soil and plant-associated
environments harbour numerous bacteria that produce antibiotic
metabolites with specific or broad-spectrum activities against
coexisting microorganisms depending on the pH, nutrient avail-
ability and humus content.The activity and diversity of soil organ-
isms are regulated by a hierarchy of abiotic and biotic factors. The
main abiotic factors are climate, including temperature, moisture,
soil texture, soil structure, salinity and pH. The climatic conditions
also influences the physiology of soil organisms as it differs across
the globe and also, in the same places, between seasons. Even
though the soil is naturally rich in microbes capable of antibiotic
synthesis, the frequency with which synthesis occurs at ecologi-
cally significant levels has been much less clear. Even though tra-
ditional approach of random screening which has been done for
the past 50 years to produce new antibiotics which are in favor
human beings. Keeping in this mind, in the present study was
aimed to isolate and characterize antibiotic producing bacteria
from rhizosphere soil of different locations in Kochi, India.
2. Materials and methods

2.1. Study area

The samples were collected from Kochi, district of Ernakulum in
the state of Kerala. It is located on the southwest coast of India at
9�580N 76�130E. In this area soil consists of sediments such as allu-
vium, laterites, brown sands, etc. Hydromorphic saline soils are
also found in the areas and predominantly, rock types soil.

2.2. Soil sample collection

The rhizosphere soil samples were collected from 10 different
locations in differ crops field at Kochi, Kerala, India. The debris
from soil samples were removed before collection. The site was
digged into 5–15 cm and approximately 10 g of the rhizosphere
soil was collected in a sterile tube and transported into laboratory
and stored at 4 �C.

2.3. Isolation and maintenance of soil bacteria

Soil bacteria were isolated by the standard serial dilution plate
technique. At 1 g of each soil sample was weighed and soaked in
10 ml of sterile physiological saline. The samples were then serially
diluted. Out of the 4 dilutions, 100 ml from the each dilution (10�1,
10�2, 10�3 and 10�4) of each sample were used to prepare nutrient
agar spread plates. The plates were incubated up to 7 days to find
out antagonistic bacterial colony. The colonies which showed
antagonism were picked up and streaked on nutrient agar plate
separately in order to obtain pure isolated colonies. Pure culture
was stored at 4 �C for subsequent studies.

2.4. Morphological characterization of isolated bacteria

Morphological characterizations of the isolated antagonistic
bacteria were carried out using Gram’s Staining method. Twenty
four hours old nutrient broth cultures of each isolates were used
for Gram’s staining.

2.5. Primary screening

Primary screening of the antagonistic bacteria was done in vitro
against 6 human pathogenic bacteria. The screening was done by
both perpendicular streaking and seed overlay method. The test
pathogens include Escherichia coli, Enterococcus sp., Pseudomonas
aeruginosa, Klebsiella pneumoniae, Staphylococcus aureus and Acine-
tobacter sp.

2.6. Perpendicular streaking

The antagonistic bacteria was isolated from the sample by
streaked as a single straight line through the center of the nutrient
agar plate. After 48 h of incubation of all the 6 tested pathogens
were streaked perpendicular to the antagonistic bacteria. Immedi-
ately after streaking, the length of the streak was marked on the
plate using marker pen. The observations were made after 24 h.
After incubation, any substances produced by the soil bacteria
were expected to lyse/inhibit the tested human pathogen [15].

2.7. Seed overlay method

The antagonistic bacteria isolated from the sample were spot
inoculated on to a nutrient agar plate using a sterile tooth pick.
After 48 h of incubation, 2 ml of chloroform was added into the
lid; the plate was kept inverted and sealed, so that the fumes of
chloroform would kill the inoculated bacteria by preventing its
growth. This ensures that only the secondary metabolites of the
inoculum diffused into the nutrient agar media remains active.
After 1 h, the plates were opened and the fumes were allowed to
evaporate for 20 min. Then, 100 ml of each test human pathogen
culture was mixed with 5 ml of sterile and cooled (40 �C) nutrient
broth with 0.6% agar. After thorough mixing, the medium was
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overlaid on to the nutrient agar plate and were incubated for 24 h.
The antagonistic activity was measured by determining the zone of
inhibition.

2.8. Secondary screening

The bacteria which showed positive results in primary screen-
ing, selected for secondary screening by well diffusion method. In
this method, initially all the 6 test pathogens were swabbed
separately on to 6 different Muller Hinton Agar plates using sterile
cotton swab. Immediately after swabbing, two (10 mm) wells were
made on each plate with the help of sterile cork borer. The wells
were loaded with 90 ml and 180 ml culture supernatant of antago-
nistic bacterium. The antibiotic disc amoxyclav (Enterococcus sp.)
and streptomycin (for other test human pathogen) was used as
positive control. After 24 h of incubation, the plates were checked
for the presence of zone of inhibition. The length of zones produced
by both the antagonistic bacteria and the antibiotic disc were mea-
sured accurately using a Vernier calliper.

2.9. Isolation of genomic DNA from bacteria

At 1.5 ml of overnight grown bacterial isolates maintained in
nutrient broth were transferred to 2 ml of micro centrifuge tube
and centrifuged at 10,000�g for 2 min and pellet was collected.
The same was repeated for another 1.5 ml of culture to harvest
enough quantity of cells (100 mg). The pellet was washed with
0.9% saline and suspended in 1 ml of digestion buffer and was incu-
bated at 50 �C with occasional shaking in tightly capped micro cen-
trifuge tubes for 60 min. The sample was then extracted with equal
volume of phenol-chloroform-isoamyl alcohol (25:24:1) and cen-
trifuged for 10 min at 10,000�g. The top aqueous layer was trans-
ferred to a new tube. At 0.5 ml of 7.5 M ammonium acetate was
mixed gently and 2 ml of 100% ice cold ethanol was added. It
was centrifuged for 5 min at 5000�g. The DNA pellet was washed
with 70% ethanol. The pellet was air dried and re suspended in 25
ll of TE buffer (pH 8.0) and stored at 4 �C.

The isolated genomic DNA was quantified using spectropho-
tometer at wavelengths 260 and 280 nm. The purity of genomic
DNA was checked by run in 0.8% agarose gel. After run, the gel
was stained with ethidium bromide and photographed with GEL-
STAN gel documentation system.

2.10. Molecular identification of bacteria by 16S rRNA amplification
and sequencing

The universal primers (Forward primer 50- AGAGTTT-
GATCCTGGCTCAG -30 and reverse primer 50- GGTTACCTT
GTTACGACT-30) were used for the amplification of the 16S rRNA
gene fragment. The PCR cycling conditions were as follows: an ini-
tial denaturation for 5 min at 94 �C, followed by 30 cycles of denat-
uration at 94 �C for 1 min, annealing at 55 �C for 1 min and
extension at 72 �C for 2 min and then a final extension for 5 min
at 72 �C.

The rRNA amplification reaction mixture (30 ml) consists of 2X
Amplicon Red master mixes (amplicon�) with 10 ng of total gen-
ome of each isolate, 10 pmol of each forward and reverse primer.
The amplified PCR products were electrophoresed on 1% agarose
gel. The gel was stained in ethidium bromide and photographed
with GELSTAN gel documentation system.

2.11. Sequencing and analysis of 16S rRNA

The amplified 16S rRNA gene fragment was purified and
sequenced using DNA sequencing services (Eurofins Scientific, Ban-
galore) employing the same primer used for PCR amplification. 16S
rRNA gene sequences were exported into ‘‘Basic Local Alignment
Search Tool” (BLAST) available from the website of National Center
for Biotechnology Information (NCBI-http://www.ncbi.nlm.nih.-
gov) to identify matches with existing characterized reference
sequences.

3. Results

3.1. Collection of soil samples

The soil samples were collected from different rhizosphere
crops such as Papaya, Ginger, Coconut, Plantain, Nutmeg, Brinjal
and Tapioca (Table 1).

3.2. Isolation and maintenance of microbial isolates

The colony forming units (CFU) of each soil sample was diverse.
The suitable dilution was selected based on the plate having count-
able number of colonies. Maximum number of CFU was recorded in
soil sample (S6) and minimum number of CFU was noticed in soil
sample (S2). Out of 10 soil samples screened 5 soil samples (S1, S2,
S4, S7 and S10) showed antagonistic property at dilutions either
10�2 or 10�3. S7 possessed three colonies with antagonistic activ-
ity. Followed by S1, which had two colonies. The rest of the three
samples i.e. sample S2, S4 and S10 had single colonies exhibiting
antagonism (Table 2). Hence, these 8 (S1A1, S1A2, S2A2, S4A1,
S7A1, S7A2, S7A3, S10A1) antagonistic bacteria was selected for
further screening.

3.3. Morphological characterization

Morphological characterization of the microbial isolates was
done by Grams staining which revealed all the 8 microbial isolates
were gram positive. Among them the different gram positive bac-
teria like bacilli, long chain bacilli and cocci were observed
(Table 3).

3.4. Primary screening

In primary screening, 8 bacterial isolates was chosen to check
their antibacterial activity against human pathogens S. aureus, K.
pneumoniae, Enterococcus sp., P. aeruginosa, E. coli, Acinetobacter
sp. Among 8 different isolates, 4 of them showed antagonistic
activity in perpendicular streaking method.

Both the isolates S1A1 and S7A3 revealed antibiotic producing
ability by showing zone of inhibition against E. coli, Enterococcus
sp., S. aureusand K. pneumoniae while the isolates S7A1 showed
inhibitory zones against E. coli, Enterococcus sp. and S. aureus. The
isolate S1A2 produced zone of inhibition against K. pneumonia
and Enterococcus sp. and S. aureus. The remaining isolate S2A2,
S4A1, S7A2 and S10A1 produced no zone of inhibition (Table 4).

In seed overlay method, both the isolates S1A1 and S7A3 pro-
duced zone of inhibition against S. aureus, K. pneumoniae, and Ente-
rococcus sp. while the isolates S1A2 produced zone of inhibition
against Enterococcus sp. and S. aureus. On the other hand S7A1 pro-
duced zone of inhibition against only a single test pathogen i.e.,
against S. aureus (Table 5).

3.5. Secondary screening

After perpendicular streaking and seed overlay method, the
most potential isolates S1A1 and S7A3 having significant antago-
nistic activity against 4 test human pathogens viz., Enterococcus
sp., S. aureus, K. pneumonia and P. aeruginosa (Table 6). Both the



Table 1
Locations of soil sample collection and Crops.

Soil sample Location Crop Latitude Longitude

S1 Kariyad Papaya 11.683478 75.56697
S2 Ankamaly Ginger 10.184909 76.375305
S3 Karukutty Coconut 10.226975 76.375022
S4 Elavoor Plantain 10.206397 76.333336
S5 Edakkunnu Nutmeg 10.254458 76.401347
S6 Alangadu Brinjal 10.102357 76.291499
S7 Puthenpally Tapioca 10.083500 76.272531
S8 Kalady Nutmeg 10.167286 76.439884
S9 Kothamangalam Plantain 10.060190 76.635083
S10 Muvattupuzha Plantain 9.989423 76.578975

Table 2
Number of colony forming units and the colonies showing antagonism.

Soil sample Number of colonies Dilution Number of CFU/ ml Number of colonies showing antagonism

S1 33 10�3 3.3 � 106 A1, A2
S2 86 10�2 8.6 � 105 A2
S3 62 10�3 6.2 � 106 –
S4 95 10�2 9.5 � 105 A1
S5 37 10�3 3.7 � 106 –
S6 72 10�3 7.2 � 106 –
S7 282 10�2 2.8 � 105 A1, A2, A3
S8 63 10�3 6.3 � 106 –
S9 39 10�3 3.9 � 106 –
S10 260 10�2 26 � 105 A1

Table 3
Gram staining results of various antagonistic bacteria.

Screened isolates Reactivity to the stain Shape

S1A1 + Long chain Bacilli
S1A2 + Filamentous
S2A2 + Bacilli
S4A1 + Cocci
S7A1 + Bacilli
S7A2 + Cocci
S7A3 + Long chain Bacilli
S10 A1 + Bacilli
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isolates showed positive results for Enterococcus sp. and S. aureus.
At 90 ml and 180 ml of the isolate S1A1 showed 20.68 mm and
20.98 mm zone of inhibition respectively against Enterococcus sp.
The zone of inhibition of antibiotic disc AMC 30 (Amoxyclav) was
22.98 mm against Enterococcus sp.

Similarly 18.93 mm and 20.66 mm zone of inhibition was pro-
duced by 90 and 180 ml of isolate S7A3 respectively against Entero-
coccus sp. while the standard disc produced zone of inhibition was
24.58 mm. During the screening against S. aureus, both the isolates
S1A1 and S7A3 produced increased zones of inhibition than the
zone produced by standard disc streptomycin. The zone of
Table 4
Antagonistic activity of isolated soil bacteria against test human pathogens by perpendicu

Isolates E.coli Enterococcus sp. P. aeruginosa

S1 A1 + + �
S1 A2 � + �
S2 A2 � � �
S4 A1 � � �
S7 A1 + + �
S7 A2 � �� �
S7 A3 + + �
S10 A1 � � �

+Indicate zone of inhibition.
-Indicate absence of zone of inhibition.
inhibition produced by the isolate was greater against S. aureus
when compared with Enterococcus sp.

At concentration of 90 ml, S1A1 showed maximum zone of
23.82 mm against Staphylococcus, while the concentration of
180 ml inhibit 27.08 mm. The zone produced by standard disc
streptomycin was 18.79 mm. Similarly 90 ml of S7A3 produced
21.58 mm and 180 ml of the same produced 26.68 mm against
Staphylococcus. The standard disc showed a zone of 18.25 mm.
3.6. Isolation of genomic DNA from bacteria

The genomic DNA extraction was carried out as described ear-
lier in methodology section, in order to obtain high molecular
weight and quality genomic DNA from the two unidentified antag-
onistic bacteria (S1A1 and S7A3). Genomic DNA was isolated suc-
cessfully from two unidentified antagonistic bacterial cultures.
The genomic DNA extraction method involves breakdown of the
cell wall, centrifugation to remove the cell fragments and debris,
precipitation of nucleic acid from the pelleted cells and purifica-
tion. The 16S rRNA was amplified from DNA samples of isolated
antagonistic bacteria by using PCR. The amplified product was ver-
ified on 1.2% agarose gel that showed a single fragment of 1.5 kb in
size.
lar streak.

S. aureus K. pneumoniae Acinetobacter sp.

+ + �
+ + �
� � �
� � �
+ � �
� � �
+ + �
� � �



Table 5
Antagonistic activity of soil isolated bacteria against human pathogens by Seed Overlay method.

Isolates E.coli Enterococcussp. P. aeruginosa S. aureus K. pneumoniae Acinetobacter sp.

S1 A1 � + � + + �
S1 A2 � + � + � �
S2 A2 � � � � � �
S4 A1 � � � � � �
S7 A1 � � � + � �
S7 A2 � � � � � �
S7 A3 � + � + + -
S10 A1 � � � � � �

+Indicate zone of inhibition.
�Indicate absence of zone of inhibition.

Table 6
Antagonistic activity of soil bacteria culture supernatant against test human pathogens.

Isolates Pathogen Concentrations Standard Antibiotic Disc

90 ml 180 ml

Zone of inhibition (mm)

S1 A1 Enterococcus 20.68 20.98 22.98 *

Staphylococcus 23.82 27.08 18.79 #

S7 A3 Enterococcus 18.93 20.66 24.58 *

Staphylococcus 21.58 26.68 18.25 #

* Amoxyclav (AMC 30).
# Streptomycin (S10).
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3.7. Molecular identification of bacteria by 16s r RNA amplification
and sequencing

The amplified 16s rRNA PCR products of two antagonistic bacte-
ria were purified and sequenced (Table 7). The sequence of bacte-
rial isolates S1A1 and S7A3 were subjected to NCBI blast. The
isolates S1A1 and S7A3 BLAST results showed 99% and 95% respec-
tively, similarity with the available database sequence of Bacillus
amyloliquefaciens. The sequences were deposited in GenBank and
the accession numbers KY864390 (S1A1) and KY880975 (S7A3)
were obtained.

4. Discussion

The aim of the study was to isolate antibiotic producing
microorganisms from the rhizosphere regions of variety of crops
in Kochi. Rhizosphere soil has been selected for sampling since
microbial community exceeds in soil than any other environment.
The rhizosphere microbes exhibit high level of antagonistic activity
[16]. Many scientists have chosen soil for the isolation of novel
antibiotics as it is a source of many antibiotic producing bacteria
including Actinomycetes [13,15,17–19], Constancias et al. [20] also
reveals that the heterogeneity of soil results in a wide variety of
ecological niches and a high diversity of soil microorganisms. This
outcome correlated with our sample collection methodology
implemented where the samples collected from different locations
and diverse cultivations. Random sampling described by Williams
and Vickers [21] was a conventional method of sample collection;
this method was supports to in this present study.

Morphological characterization was done by Grams staining
method, which is a conventional method of characterization fol-
lowed by many scientists [19,22,23]. The Gram’s staining indicates
that all the bacterial isolates as gram positive. These results are in
confirmatory with those of Wadetwar and Patil [18] who obtained
most of the soil isolates as gram positive.

The isolates were screened for the production of antibiotics
through primary screening (perpendicular streaking and seed
overlay method) followed by secondary screening (agar well diffu-
sion method). This is an agreement with some previous literatures
which used the same methods for the screening of isolates [15,17–
19,24]. Bacterial culture filtrate was used in agar well diffusion
method for secondary screening. This same method has been fol-
lowed by many scientists [25,26].

The secondary screening of the isolates S1A1 and S7A3 was
done against the following human pathogens, E. coli, Enterococcus
sp., K. pneumoniae, S. aureus, P. aeruginosa and Acinetobacter sp.
and maximum zone of inhibition was shown by both the isolates
S1A1 and S7A3 against S. aureus. These results corroborated with
the results of Saadoun and Gharaibeh [27] and Wadetwar and Patil
[18] reported that the soil isolates showed maximum zone of inhi-
bition against S. aureus. Similarly, Oskay et al. [17] who reported
that isolate showed maximum zone of inhibition against S. aureus.
But on controversy to the above result, at concentrations of 12.5
mg/ml (Minimum Inhibitory Concentration) the maximum zone
of inhibition was produced for K. pneumonia, followed by P. aerug-
inosa and then E. coli [24].

The molecular identification of bacteria was carried out by 16S
rRNA amplification and sequencing. A significant advantage of this
protocol is that a bacterial isolate can be identified within 2–3 days
than conventional biochemical test, which generally take several
weeks. Several previous reports supported that 16S rRNA gene
sequence analysis was improved method for identification of bac-
teria compared to conventional phenotypic methods [28–30]. The
subsequent sequencing and BLAST analysis proved both the iso-
lates to be Bacillus amyloliquefaciens. This result provided strong
support to earlier studies which have already proved Bacillus spe-
cies as the most predominant bacteria present in soil [13,31,32].
This also provides a strong sustenance to the previous studies
which have proved B. amyloliquefaciens as a potent source for
antibiotic [33,34]. Boottanun et al. [35] has proved B. amyloliquefa-
ciens has the capacity to produce various antimicrobial peptides
and secondary metabolites, which supports our present result.
Results are also in confirmatory with Vijayalkshmi et al. [36]
who reported that B. amyloliquefaciens produces maximum antimi-
crobial proteins and this was maximum against gram positive S.
aureus. Gram positive bacteria are more susceptible to antibiotics
because it carries only outer peptidoglycan layer which is not an
effective barrier. This may be the reason for both S1A1 and S7A3



Table 7
Antagonistic bacteria 16S rRNA gene sequences.

Bacteria Nucleotide sequences of 16S rRNA gene
Bacillus amyloliquefaciens CTTCCACGCCCGTTATCTCAGGCGGAGTGCTTATGCGTTACCTGCAGCACTAAGGGGCGGAAACCCCCTAACACTTAGC

ACTCATCGTTTACGGC
GTGGACTACCAGGGTATCTAATCCTGTTCGCTCCCCACGCTTTCGCTCCTCAGCGTCAGTTACAGACCAGAGAGTCGCCTTCGCCA
CTGGTGTTCCTCCACATCTCTACGCATTTCACCGCTACACGT
GGAATTCCACTCTCCTCTTCTGCACTCAAGTTCCCCAGTTTCCAATGACCCTCCCCGGTTGAGCCGGGGGCT
TTCACATCAGACTTAAGAAACCGCCTGCGAGCCCTTTACGCCCAATAATTCCGGACAA
CGCTTGCCACCTACGTATTACCGCGGCTGCTGGCACGTA
GTTAGCCGTGGCTTTCTGGTTAGGTACCGTCAAGGTGCCGCCCTATTTGAACGGCACTTGTTCTTCCCTAACAACAGAGCTTTACGA
TCCGAAAACCTTCATCACTCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTCCCTACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAG
TCCCAGTGTGGCCGATCACCCTCTCAGGTCGGCTACGCATCGTC
GCCTTGGTGAGCCGTTACCTCACCAACTAGCTAATGCGCC
GCGGGTCCATCTGTAAGTGGTAGCCGAAGCCACCTTTTATGTCTGAACCATGCGGTTCAAACAAGCA
TCCGGTATTAGCCCCGGTTTCCCGGAGTTATCCCAGTCTTACAGGCAGGTTACCCACGTGTTACTCACCCGTCCGCCGCTAACATCAGGGAGCAAGCT
CCCATCTGTCCGCTCGACTTGCATGTATTAGCACGCCGCCAGCGTTCGTCC
TGAGCAGAAACACAAAACTCATTAGAGGGGGGTGGAGGTGGGGGGTGGAAAAAGAGAA

Bacillus amyloliquefaciens ATTTTCCTCTCCAGGGCGGTGTGCTTAATGCGTTAGCTGCAGCACTAAGGGGCGGAAACCCCCTAACACTTACCACTCATCGTTTA
CGGCGTGGACTACCAGGGTATCTAATCCTGTTCGCTCCCCACGCTTTCGCTCCTCA
GCGTCAGTTACAGACCAGAGAGTCGCCTTCGCCACTGGTGTTCCTCCACATCTCTACGCATTTCACCGCTACACGTGGAATTC
CACTCTCCTCTTCTGCACTCAAGTTCCCCAGTTTCCAATGACCCTCCCCGGTTGAGCCGGGGGCTTTCACATCAGACTTA
AGAAACCGCCTGCGAGCCCTTTACGCCCAAT
AATTCCGGACAACGCTTGCCACCTACGTATTACCGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTAGGTACCGTCAAG
GTGCCGCCCTATTTGAACGGCACTTGTTCTTCCCTAACAACAGAGCTTTACGATCCGAAAACCTT
CATCACTCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTCCCTACTGCTGCCTCCCGTACGAGTCTGGGCCGT
GTCTCAGTCCCAGTAGTGGCCGATCACCCTCTCAGGTCGGCTACGCATCGTCGCTCTTGGTGAGCCGTTTCCTCACCAACTAGCTA
ATGCGCCGCGCGTTCCATCTGTAAGTGGTACCCGAAGCCACCGTTTATGTCTGAACCCTGCATTTCAGACAACAACTCTGGCATTA
CGCCTCGGTTTCCCGGAGTAACCCAGTCTTACGGACGGGTACCCCACCTGTTTCTCCCACGTCCGCCGCTATCATCAGGGACAAGCTCCATCT
GATAGTTTGACATTGCATGCATCTATGCCAACTGCCATCGTTCGTCCCTGTAGTTATGTAATAAACTATAACTGTTGTTCCTTGGCC

292
D
.G

islin
et

al./Journal
of

G
enetic

Engineering
and

Biotechnology
16

(2018)
287–

294



D. Gislin et al. / Journal of Genetic Engineering and Biotechnology 16 (2018) 287–294 293
to produce comparatively larger zones of inhibition against S. aur-
eus which is a gram positive bacterium.

B. amyloliquefaciens have proved to be potent source of antibi-
otics against plant pathogens [37–41] and is mostly associated
with plant rhizosphere [42] and it also provide strong support for
our study. Besides, Bacillaene produced by B. amyloliquefaciens is
found to be effective against human pathogens such as Serratiam
arcescens, K. pneumonia and S. aureus [33]. In our study in which
B. amyloliquefaciens have produced maximum zone of inhibition
against S. aureus. Similarly, B. amyloliquefaciens also produces
Iturin A which is effective against fungal pathogens like Rhizoctonia
solani [43]. Difficidin and Bacilysin from the same have antibacte-
rial activity against Xanthomonas oryzae rice pathogens [44]. B.
amyloliquefaciens has been used as antibacterial agent against
pathogenic bacteria of dairy and veterinary animals [45]. All these
findings provide strong support and underlie our result that, B.
amyloliquefaciens serve as the potent source of antibiotics.

5. Conclusion

The continuous use of antibiotics has resulted in a situation
where the pathogens have acquired resistance against the antibi-
otics. So, now there is an urgent need for the development of novel,
safe and effective antibiotics. Since, natural products have a novel
structure; it remains as a major source of secondary metabolites.
The present study, which was aimed to isolate soil microbes
exhibiting antibiosis activity, yielded B. amyloliquefaciens as the
potent antibiotic source. The screening of isolates from both the
soil samples S1 and S7 obtained B. amyloliquefaciens which pro-
duced maximum zone of inhibition against the test human patho-
gens S. aureus and Enterococcus sp. These results advocate that the
microbial isolates from this particular strain can be used commer-
cially for the production of antibiotics after purification and proper
standardization.

Conflict of interest statement

We declare that we have no conflict of interest.

References

[1] Cars O, Hogberg LD, Murray M, Nordberg O, Sivaraman S., Lundborg CS, et al.,
Meeting the challenge of antibiotic resistance. B.M.J. 2008;18:337 a1438.
http://doi.org/10.1136/bmj.a1438.

[2] Spellberg B, Guidos R, Gilbert D, Bradley J, Boucher HW, Scheld WM, Bartlett
JG, Edwards JJ. Infectious Diseases Society of America. The epidemic of
antibiotic-resistant infections: a call to action for the medical community from
the infectious diseases society of America. Clin Infect Dis 2008;46:155–64.

[3] Luepke KH, Suda KJ, Boucher H, Russo RL, Bonney MW, Hunt TD, Mohr JF. Past,
present, and future of antibacterial economics: increasing bacterial resistance,
limited antibiotic pipeline, and societal implications. Pharmacotherapy
2017;37:71–84.

[4] Humphries RM, Linscott AJ. Laboratory diagnosis of bacterial gastroenteritis.
Clin Microbiol Rev 2015;28:3–31.

[5] Feikin DR, Schuchat A, Kolczak M, Barrett NL, Harrison LH, Lefkowitz L, McGeer
A, Farley MM, Vugia DJ, Lexau C, Stefonek KR, Patterson JE, Jorgensen JH.
Mortality from Invasive pneumococcal pneumonia in the era of
antibioticresistance, 1995–1997. Am J Public Health 2000;90:223–9.

[6] Laxminarayan R, Chaudhury RR. Antibiotic resistance in India: drivers and
opportunities for action. PLoS Med 2016;13:e1001974. https://doi.org/
10.1371/journal.pmed.1001974.

[7] Gebreyohannes G, Moges F, Sahile S, Raja N. Isolation and characterization of
potential antibiotic producing actinomycetes from water and sediments of
Lake Tana, Ethiopia. Asian Pac J Trop Biomed 2013;3:426–35.

[8] Lipsitch M, Singer RS, Levin BR. Antibiotics in agriculture: when is it time to
close the barn door? Proc Natl Acad Sci USA 2002;99:5752–4.

[9] Marshall BM, Levy SB. Food animals and antimicrobials: impacts on human
health. Clin Microbiol Rev 2011;24:718–33.

[10] Santajit S, Indrawattana N. Mechanisms of antimicrobial resistance in ESKAPE
pathogens. Biomed Res Int 2016;2475067. https://doi.org/10.1155/2016/
2475067.

[11] Bull AT, Stach JE. Marine actinobacteria: new opportunities for natural product
search and discovery. Trends Microbiology 2007;15:491–9.
[12] Pavunraj M, Ramasubbu G, Baskar K. Leucasaspera (willd.) linn.: antibacterial,
antifungal and mosquitocidal activities. Trends Phytochem Res 2017;1:133–
40.

[13] Yunus FN, Khalid ZZ, Rashid F, Ashraf A, Iqbal MN, Hussain F. Isolation and
screening of antibiotic producing bacteria from soil in Lahore city. PSM
Microbiology 2016;1:1–4.

[14] Cavalcanti MADQ, Oliveira LGD, Fernandes MJ, Lima DM. Filamentous fungi
isolated from soil in districts of the Xingo region, Brazil. Acta Botanica Bras
2006;20:831–7.

[15] Nike AR, Hassan SA, Ajijolakewu AFBosede. Soil screening for antibiotic –
producing microorganisms. Adv Environ Biol 2013;7:7–11.

[16] Dezfully NK, Ramanayaka JG. Isolation, identification and evaluation of
antimicrobial activity of Streptomyces flavogriseus, strain ACTK2 from soil
sample of Kodagu, Karnataka State (India). Jundishapur J Microbiol 2015;8:
e15107.

[17] Oskay M, Tamer AU, Azeri C. Antibacterial activity of some actinomycetes
isolated from farming soil of Turkey. African J Bitechnol 2004;3:441–6.

[18] Wadetwar RN, Patil AT. Isolation and characterization of bioactive
actinomycetes from soil in and around Nagpur. Int J Pharm Sci Res
2013;4:1428–33.

[19] Kaur S, Kaur J, Pankaj PP. Isolation and characterization of antibiotic producing
microorganisms from soil samples of certain area of Punjab region of India. Int
J Pharm Clin Res 2014;6:312–5.

[20] Constancias F, Terrat S, Saby NPA, Horrigue W, Villerd J, Guillemin JP, Biju-
Duval L, Nowak V, Dequiedt S, Ranjard L, Prévost-Bouré NC. Mapping and
determinism of soil microbial community distribution across an agricultural
landscape. Microbiology Open 2015;4:505–17.

[21] Williams ST, Vickers JC. The ecology of antibiotic production. Microb Ecol
1986;12:43–52.

[22] Diddi K, Chaudhry R, Sharma N, Dhawan B. Strategy for identification &
characterization of Bartonellahenselaewith conventional & molecular methods.
Indian J Med Res 2013;137:380–7.

[23] Kumar S, Chaurasia P, Kumar A. Isolation and characterization of microbial
strains from textile industry effluents of bhilwara, india: analysis with
bioremediation. J Chem Pharm Res 2016;8:143–50.

[24] Thirumalairaj J, Shanmugasundaram T, Sivasankari K, Seenivasan KN,
Balagurunathan R. Isolation, screening and characterization of potent marine
Streptomyces sp. PM 105 against antibiotic resistant pathogens. Asian J Pharm
Clin Res 2015;8:439–43.

[25] Yoshida S, Hiradate S, Tsukamoto T, Hatakeda K, Shirata A. Antimicrobial
activity of culture filtrate of Bacillus amyloliquefaciens RC-2 isolated from
mulberry Leaves. Phytopathology 2001;91:181–7.

[26] Sheikh HMA. Antimicrobial activity of certain bacteria and fungi isolated from
soil mixed with human saliva against pathogenic microbes causing
dermatological diseases. Saudi J Biol Sci 2010;17:331–9.

[27] Saadom I, Gharaibeh R. The Steptomyces flora of Badia region of Jordan and its
potential as a source of antibiotics active against antibiotic resistant bacteria. J
Arid Environ 2003;53:365–71.

[28] Jill E, Clarridge III. Impact of 16S rRNA gene sequence analysis for identification
of bacteria on clinical microbiology and infectious diseases. Clin Microbiol Rev
2004;17:840–62.

[29] Janda JM, Abbott SL. 16S rRNA gene sequencing for bacterial identification in
the diagnostic laboratory: pluses, perils, and pitfalls. J Clin Microbiol
2007;45:2761–4.

[30] Lau SKP, Teng JLL, Ho CC, Woo PCY. Gene amplification and sequencing for
bacterial identification. Methods Microbiology 2015;42:433–64.

[31] Singh AP, Singh RB, Mishra S. Studies on isolation and characterization of
antibiotic producing microorganisms from industrial waste soil sample. Open
Nutraceuticals J 2012;5: 169–73.

[32] Abbas S, Senthilkumar R, Arjunan S. Isolation and molecular characterization
of microorganisms producing novel antibiotics from soil sample. Eur J
Experiment Biol 2014;4:149–55.

[33] Arias CA, Murray BE. Antibiotic-resistant bugs in the 21st century–a clinical
super-challenge. N Engl J Med 2009;360:439–43.

[34] Jeong H, Park SH, Choi SK. Genome sequence of antibiotic-producing Bacillus
amyloliquefaciens strain KCTC 13012.Genome Announc 2015;3. http://doi.org/
10.1128/genomeA.01121-15.

[35] Boottanun P, Potisap C, Hurdle JG, Sermswan RW. Secondary metabolites from
Bacillus amyloliquefaciens isolated from soil can kill Burkholderiapseudomallei.
AMB Express 2017;7:16. https://doi.org/10.1186/s13568-016-0302-0.

[36] Vijayalakshmi K, Premalatha A, Rajakumar GS. Antimicrobial protein
production by Bacillus amyloliquefaciens MBL27: optimization of culture
conditions using Taguchi’s experimental design. Indian J Sci Technol
2011;4:931–7.

[37] Arguelles-Arias A, Ongena M, Halimi B, Lara Y, Brans A, Joris B, Fickers P.
Bacillus amyloliquefaciens GA1 as a source of potent antibiotics and other
secondary metabolites for biocontrol of plant pathogens. Microb Cell Fact
2009;8:63. https://doi.org/10.1186/1475-2859-8-63.

[38] Alvarez F, Castro M, Príncipe A, Borioli G, Fischer S, Mori G, Jofré E. The plant-
associated Bacillus amyloliquefaciens strains MEP218 and ARP23 capable of
producing the cyclic lipopeptides iturin or surfactin and fengycin are effective
in biocontrol of sclerotinia stem rot disease. Appl Microbiol 2012;112:
159–74.

[39] Meng QX, Jiang HH, Hanson LE, Hao JJ. Characterizing a novel strain of Bacillus
amyloliquefaciens BAC03 for potential biological control application. J Appl
Microbiol 2012;113:1165–75.

https://doi.org/10.1136/bmj.a1438
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0010
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0010
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0010
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0010
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0015
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0015
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0015
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0015
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0020
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0020
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0025
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0025
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0025
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0025
https://doi.org/10.1371/journal.pmed.1001974
https://doi.org/10.1371/journal.pmed.1001974
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0035
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0035
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0035
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0040
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0040
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0045
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0045
https://doi.org/10.1155/2016/2475067
https://doi.org/10.1155/2016/2475067
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0055
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0055
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0065
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0065
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0065
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0070
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0070
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0070
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0075
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0075
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0080
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0080
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0080
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0080
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0085
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0085
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0090
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0090
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0090
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0095
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0095
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0095
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0100
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0100
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0100
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0100
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0105
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0105
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0110
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0110
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0110
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0115
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0115
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0115
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0125
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0125
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0125
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0130
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0130
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0130
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0135
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0135
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0135
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0140
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0140
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0140
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0145
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0145
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0145
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0150
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0150
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0160
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0160
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0160
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0165
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0165
https://doi.org/10.1128/genomeA.01121-15
https://doi.org/10.1128/genomeA.01121-15
https://doi.org/10.1186/s13568-016-0302-0
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0180
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0180
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0180
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0180
https://doi.org/10.1186/1475-2859-8-63
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0190
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0190
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0190
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0190
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0190
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0195
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0195
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0195


294 D. Gislin et al. / Journal of Genetic Engineering and Biotechnology 16 (2018) 287–294
[40] Shafi J, Tian H, Ji M. Bacillus species as versatile weapons for plantpathogens: a
review. Biotechnol Biotechnol Equip 2017;31:446–59.

[41] Siahmoshteh F, Siciliano I, Banani H, Hamidi-Esfahani Z, Razzaghi-Abyaneh M,
Gullino ML, Spadaro D. Efficacy of Bacillus subtilis and Bacillus amyloliquefaciens
in the control of Aspergillus parasiticus growth and aflatoxins production on
pistachio. Int J Food Microbiol 2017;254:47–53.

[42] Karimi E, Safaie N, Shams-Baksh M, Mahmoudi B. Bacillus amyloliquefaciens
SB14 from rhizosphere alleviates Rhizoctonia damping-off disease on sugar
beet. Microbiol Res 2016;192:221–30.

[43] Yu GY, Sinclair JB, Hartman GL, Bertagnolli BL. Production of iturin A by Bacillus
amyloliquefaciens supressing Rhizoctonia solani. Soil Biol Biochem
2002;34:955–63.
[44] Wu L, Wu H, Chen L, Yu X, Borriss R, Gao X. Difficidin and bacilysin from
Bacillus amyloliquefaciens FZB42 have antibacterial activity against
Xanthomonasoryzae rice pathogens. Scientifc Reports 2015;5. https://doi.org/
10.1038/srep12975.

[45] Vazquez-Mendoza P, Elghandour MMM, Alaba PA, Sánchez-Aparicio P, Alonso-
Fresán MU, Barbabosa-Pliego A, Salem AZM. Antimicrobial and bactericidal
impacts of Bacillus amyloliquefaciens CECT 5940 on fecal shedding of
pathogenic bacteria in dairy calves and adult dogs. Microb Pathog
2018;114:458–63.

http://refhub.elsevier.com/S1687-157X(18)30059-3/h0200
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0200
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0205
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0205
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0205
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0205
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0210
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0210
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0210
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0215
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0215
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0215
https://doi.org/10.1038/srep12975
https://doi.org/10.1038/srep12975
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0225
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0225
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0225
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0225
http://refhub.elsevier.com/S1687-157X(18)30059-3/h0225

	Antibacterial activity of soil bacteria isolated from Kochi, India and their molecular identification
	1 Introduction
	2 Materials and methods
	2.1 Study area
	2.2 Soil sample collection
	2.3 Isolation and maintenance of soil bacteria
	2.4 Morphological characterization of isolated bacteria
	2.5 Primary screening
	2.6 Perpendicular streaking
	2.7 Seed overlay method
	2.8 Secondary screening
	2.9 Isolation of genomic DNA from bacteria
	2.10 Molecular identification of bacteria by 16S rRNA amplification and sequencing
	2.11 Sequencing and analysis of 16S rRNA

	3 Results
	3.1 Collection of soil samples
	3.2 Isolation and maintenance of microbial isolates
	3.3 Morphological characterization
	3.4 Primary screening
	3.5 Secondary screening
	3.6 Isolation of genomic DNA from bacteria
	3.7 Molecular identification of bacteria by 16s r RNA amplification and sequencing

	4 Discussion
	5 Conclusion
	Conflict of interest statement
	References


