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ABSTRACT: Antibiotics are the secondary metabolites produced by bacteria and fungi to defend
themselves from other pathogens. These secondary metabolites are being produced and used as a drug
to cure different diseases. However, antibiotic resistance is a common problem that demands an urgent
need to discover new antibiotics routinely. Several approaches have been performed to develop novel
and potent antibiotics from natural sources against pathogenic bacteria. Among the different sources soll
has been considered as the potent natural source of obtaining bacteria with the ability to produce novel
antibiotics. The present work has been focused on the isolation of antibiotic producing bacteria from the
soil samples collected from waste dumpsite. Among the 5 microbial isolates, 2 were shown to have
inhibitory activities against Escherichia coli and Salmonella paratyphi. Morphological and biochemical
tests revealed that both strains were Bacillus species with some differences in cultural characteristics.
Molecular identification was performed by sequencing of the amplified 16S rRNA PCR products. The
result showed that the two microbes were Bacillus subtilis and Bacillus cereus with 98% and 97%
similarity score, respectively. This study suggests that Bacillus species have the potential to produce
antibiotics against a broad spectrum of microbial growth and will be helpful in improving these strains for
better production.
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INTRODUCTION

Microorganisms produce different  secondary
metabolites, known as antibiotics to maintain their
territory from other microorganisms. Antibiotics are
used for the cure of diseases of humans [1]. After the
discovery of antibiotics it has revolutionized the field of
medicine [2]. However, the misemployment or immense

immense usage and random disposal. Therapeutic uses
of the antibacterial products in human, animal and
agriculture also favour the survival and migration of
resistant bacteria [6]. The improper uses of animal
wastes as fertilizers are also responsible for spreading of
resistance bacteria in soil. Consumption of animal
products is the way of transmission of drug resistant
bacteria to human [7]. It is a situation demand to

use of it is responsible for drug resistant property of the
relevant pathogens [3, 4]. The ratio of resistant bacteria
is increasing and it is threatening treatment methods of
modern medicine [5]. So, there is enormous importance
of searching new antibiotics that can kill or destroy the
resistant bacteria.

There are several key reasons of becoming a drug
resistant as available source of antibiotics, their

develop new, effective and safe antibiotics to combat the
possible danger of drug-resistant pathogens.

The microbial secondary metabolites are considered as
the most promising resources for the novel antibiotics [8,
9]. Antibiotic producing bacteria are abundant in soil
where they produce antimicrobial metabolites with
specific activities against co-existing microorganisms
[10]. The antibiotic diversities in the soil depend on the
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availability of nutrient, soil moisture, temperature and
pH [4]. It was reported earlier that among the all
antibiotic producing bacteria, Bacillus species are the
most abundant in soil. They can adapt very easily in any
habitat by their ability to form spores to survive a range
of adverse environments [11]. To identify the diversified
physiology of Bacillus species, elaborate biochemical
tests are required. Molecular identification techniques
such as 16S rRNA and gyrase B sequence analysis are
considered as promising methods for phylogenetic
analysis of bacteria [11]. In the present study, we aimed
to isolate and characterized antibiotic producing bacteria
from waste dumpsite soil in Khulna city, Bangladesh.

MATERIALS AND METHODS
Collection of samples

Soil samples were collected from waste dumpsites in
Khulna city, Bangladesh. After removing all surface
debris the site was dug into 4-5 cm and approximately
10-15 g of the soil was collected in a sterile plastic bag
using a sterile spatula. Five different sites of the
dumping area were used to collect soil samples. The bag
contained the soil samples were labelled specifically,
transported into laboratory and stored at 4 °C till further
analysis.

Isolation and maintenance of soil bacteria

Soil bacteria were isolated by the well-known ‘Crowded
plate’ technique following standard serial dilution. One
gram of each soil sample was weighed and soaked in 10
ml of sterile distilled water to get 1:10 dilution. After
vigorous shaking it was allowed to settle for sediment.
The supernatant was collected and then serially diluted.
An amount of 100 pl from each dilution was aseptically
spread on labelled nutrient agar plates using a glass rod.
After few seconds the agar plates were incubated at 37
°C for 24 to 48 hrs. The distinguishable colonies were
selected for streaking on agar plate separately to gain
pure colonies. Pure culture was stored at 4 °C for
subsequent studies.

Physiological characterization of the isolated bacteria

The morphology of each colony of the bacterial isolates
on agar plates was observed under microscope. After an
incubation of 24 hrs at 37 °C, individual colonies were
characterized based on their color, shape, appearance,
colony diameter and transparency. Gram staining
(Thermo Fisher Scientific, Massachusetts, USA) method
was used to distinguish between gram +ve and gram —ve
bacteria.

Secondary screening of antibiotic producing bacteria

The pure colonies from different bacterial isolates were
tested for antibacterial activity against two gram
negative bacteria, Escherichia coli and Salmonella
paratyphi. The rationale of choosing gram negative
bacteria is that they possess endotoxin and have a
history of serious infections in humans. The agar
diffusion method was used for secondary screening of
antibiotic producing bacteria. An amount of 100 pl of
the pathogenic culture was inoculated in each of the
plates by spread plate technique. The overnight culture
of the colonies isolated was centrifuged and the
supernatant (250ul) was absorbed on the discs for final
use. These discs were placed on the agar plates and then
kept in the incubator overnight. Blank disc were used as
a negative control. The diameter of each inhibited zone
was measured and evaluated the intensity of antagonism
against test pathogens.

Biochemical screening of the isolated bacteria

The bacterial isolates were characterized biochemically
to evaluate their chemical nature. We conducted oxidase
test, catalase test, Voges-Proskauer test, methyl red test,
indole production test, starch hydrolysis test, citrate
utilization test, carbohydrate fermentation tests and
growth on MacConkey agar according to the standard
protocols.

Extraction of genomic DNA from selected bacteria

The bacterial broth was centrifuged to discard
supernatant for cell pellet. The pellet was washed with
0.9% saline and suspended in the digestion buffer. The
genomic DNA extraction process was performed using
automated DNA extractor (Invent Technologies Ltd.,
Dhaka, Bangladesh) according to the manufacturer
instructions. The concentration of isolated DNA was
measured using spectrophotometer at 260 and 280 nm of
wavelength. The purity of genomic DNA was checked
before further use.

Molecular identification of bacteria by 16S rRNA
amplification and sequencing

The 16S rRNA gene fragments were amplified using
GoTag® Green Master Mix (Promega Corporation,
Wisconsin, USA) according to the manufacturer
instruction. The universal primers were used as forward
(5-AGA GTT TGA TCM TGG CTC AG-3’) and
reverse (5°- CGG TTA CCT TGT TAC GAC TT-3)
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primer. In brief, the PCR started with an initial
denaturation for 3 min at 95 °C. The optimum
denaturation was performed 32 cycles at 95 °C for 30 s
for each cycle. The annealing temperature was 55 °C for
30 s followed by an extension at 72 °C for 1 min. The
PCR was ended with the final step of extension for 5
min at 72 °C. The amplified PCR products were run on
1% agarose gel in the electrophoresis tank. The gel was
stained in ethidium bromide and scanned using a trans-
illuminator Alphalmager (Alpha Innotech, California,
USA).

The amplified gene fragments were purified and
sequenced from Invent Technologies Ltd., Dhaka,
Bangladesh. 16S rRNA gene sequences were aligned
using a sequence alignment editor, BioEdit 7.2 and
exported into BLAST to identify matches with existing
reference sequences.

RESULTS

Crowded plate technique screened out distinct
isolates

Colonies with distinguished morphology were found
when soil samples cultured on media following crowded
plate technique. Plates with crowd but well demarcated
colonies were selected for screening. Five different
colonies at dilution 10* showed distinguishable
properties. Hence, these 5 antagonistic bacterial colonies
(BI-1, BI-2, BI-3, BlI-4 and BI-5) were isolated and their
pure cultures were stored at 4 °C for further use.

Table 1. Antagonistic activity of bacterial isolates
against test pathogens.

Test Pathogen Isolates  Zone of inhibition
(mm)
BI-1 none
BIl-2 15.3
Escherichia coli BI-3 9.45
Bl-4 5.16
BI-5 none
BI-1 7.00
Salmonella BI-2 4.25
; BI-3 12.7
paratyphi Bl-4 7.35
BI-5 none

Secondary screening of different isolates

The 5 bacterial isolates were tested for their antibiotic
efficiency by disc diffusion assay against the pathogenic
test strains Escherichia coli and Salmonella paratyphi.
The result showed that except BI-5 all other isolates
have antibacterial activity. BI-2, BI-3 and Bl-4 showed
prominent zone of inhibition against E. coli whereas, Bl-
1, BI-2, BI-3 and BI-4 showed zone of inhibition against
S. paratyphi (Table 1). The best two isolates (BI-2 and
BI1-3) were selected for further analysis.

Table 2. Colony morphology and gram staining of
bacterial isolates.

Characteristics BI-2 BI-3
Shape of colony Circular Circular
Surface texture Smooth Smooth
Edge Entire Entire
Elevation Raised Umbonate
Pigmentation Creamy Creamy white

white
Growth in broth Pellicle Pellicle
Gram staining Positive (+)  Positive (+)

Table 3. Biochemical test results for the identification of
bacterial isolates.

Biochemical test

Oxidase Test

Catalase Test
Voges-Proskauer Test
Methyl Red Test
Indole Test

Starch Hydrolysis Test
Citrate Utilization Test
Acid Production from
glucose

Gas Production from
sucrose

Growth on MacConkey agar

‘+ indicates positive result and ‘-’indicates negative result

Morphological characterization of BI-2 and BI-3

Analysis of the colony morphology on agar plate is the
conventional method used to characterize bacterial
growth. Microscopic examination of BI-2 and BI-3
revealed circular shaped colonies with smooth surfaces.
The detailed characteristics of their colony morphology
are presented in Table 2. Both of the isolates were
grown at the surface of the broth, so the growth in broth
was pellicle. This result indicated that they were aerobic.
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Furthermore, gram staining technique was applied to
identify their cell wall properties. Result showed that
both isolates retained purple color which denoted them
as gram positive bacteria. The microscopic observation
of BI-2 and BI-3 suggested that their shape were bacilli
in nature (Figure 1). Several biochemical tests were
conducted to confirm the identity of isolated strains
which are listed in Table 3. The above results suggested
that BI-2 and BI-3 belong to the gram positive Bacillus
species.

Bacillus subtilis Bacillus cereus

Figure 1. Visualisation of morphology of BI-2 and BI-3 using Gram
staining. The rod shaped bacilli are clearly visible with endospores.

A)

Molecular identification of Bl-2 and BI-3

The PCR products of bacterial 16S rRNAs were purified
and sequenced. The sequence of bacterial isolates BI-2
and BI-3 were subjected to NCBI BLAST. The bacterial
isolate BI-2 showed 98% of similarity with the available
database sequence of Bacillus subtilis in BLAST. On the
other hand, isolate BI-3 showed 97% similarity with
Bacillus cereus. The sequences of BI-2 and BI-3 were
deposited in GenBank and the accession numbers were
MKO073920.1 and MKO74711.1, respectively. The
detailed sequences of BI-2 and BI-3 were presented in
Table 4. The phylogenetic positions of the isolates were
also evaluated by constructing a phylogenetic tree using
neighbor-joining methods of MEGA7 software [12]
(Figure 2).

KT719652 1 Bacillus subtilis subsp. inaquosorum strain MER 77 16S nbosomal RNA gene partial sequence

2 KT161957 .1 Bacillus sp. BF-5 16S ribosomal RNA gene partial sequence

0 e KU862327.1 Bacillus methylotrophicus strain DA16-5 16S nbosomal RNA gene partial sequence
MH769353. 1 Bacillus sp. (in: Bactena) strain HA16-11 16S ribosomal RNA gene partial sequence
JNG43100 1 Bacillus subtilis strain E-1 16S ribosomal RNA gene partial sequence

KJ130060 1 Bacillus sp. C1(2014) 16S nbosomal RNA gene partial sequence

KJ130061 1 Bacillus sp. S2{2014) 16S nbosomal RNA gene partial sequence

KJ734002 1 Bacillus sp KT105 16S nbosomal RNA gene partial sequence

KR827431.1 Bacillus subtiis strain MYM129 16S ribosomal RNA gene partial sequence

{'AKDUQ?O 1 Bacillus subtilis strain AHSM123 16S nbosomal RNA gene partial sequence I

B) KY750690 1:9-1361 Bacillus cereus strain DFT-6 16S nbosomal RNA gene partial sequence

64
28 4‘— KY750688.1:9-1354 Bacillus cereus strain DFT-4 16S ribosomal RNA gene partial sequence

LC189362 1:10-1364 Bacillus cereus gene for 16S rRNA partial sequence strain: SEMWP1
KY750689.1:9-1371 Bacillus cereus strain DFT-5 16S ribosomal RNA gene partial sequence
LC146717.1:2-1327 Bacillus thuringiensis gene for 16S nbosomal RNA partial sequence strain: C17

LC189359.1:5-1362 Bacillus cereus gene for 16S rRNA partial sequence strain. SBFWS5

F KY750686.1:7-1373 Bacillus toyonensis strain DFT-2 16S ribosomal RNA gene partial sequence
R e — KY750691.1:7-1372 Bacillus cereus strain DFT-7 16S ribosomal RNA gene partial sequence

{""VOY-WH 1:1-1367 Bacillus cereus strain AHSM124 16S ribosomal RNA gene partial sequencel

—

LC189361 1.7-1388 Bacillus cereus gene for 16S rRNA partial sequence strain: SBABBS

Figure 2. Evolutionary relationships of different taxa. The evolutionary history was inferred using the Neighbor-Joining method in MEGA7. A)
and B) represents the phylogenetic tree of bacterial isolate Bl-2 and BI-3, respectively. The percentage of replicate trees in which the associated
taxa clustered together in the bootstrap test (500 replicates) is shown next to the branches. The evolutionary distances were computed using the
number of differences method and are in the units of the number of base differences per sequence. The analysis involved 10 nucleotide
sequences. All positions containing gaps and missing data were eliminated. The box indicates deposited sequences of Bl-2 and BI-3.
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Table 4. 16S rRNA gene sequence of antagonistic
bacterial isolates BI-2 and BI-3.

Bacterial
Isolate
BI-2
(Bacillus
subtilis)

Nucleotide sequences of 16S rRNA gene

GAAAGGCCAACTATACATGCAGTCGAGCGGACGATCGCGAGCTT
GCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAA
CCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATA
CCGGATGGTTGTTTGAACCGCATGGTTCAAACATAAAAGGTGGC
TTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAGTTG
GTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGA
GAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCC
TACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTC
TGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTA
AAGCTCTGTTGTTAGGGAAGAACAAGTACCGTTCGAATAGGGCG
GTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTG
CCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAAT
TATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGTCTGATGTG
AAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAA
CTTGAGTGCAGAAGAGGAGAGTGGAATTCCACGTGTAGCGGTGA
AATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGACTCT
CTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAA
CAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGC
TAAGTGTTAGGGGGTTTCCGCCCCTTAGTGCTGCAGCTAACGCAT
TAAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAA
AGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTA
ATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCT
GACAATCCTAGAGATAGGACGTCCCCTTCGGGGGCAGAATGACA
GGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTT
AAGTCCCGCAACGAGCGCACCCTTGATCTTAGTTGCCAGCATTCA
GTTGGGCCTCTAAGGTGACTGCCGTGACAACCGGAGGAAGGGGG
GATGACCCAATCTTTGCCCTTAGACTGGGCTACCACGTGCTAAAG
GAAAAACAAGGGGCCCGAACCCCGGGGTTAACCATCCCCAAATT
TTTTCAATTGGAACCAACTGGACCCCCTGGGGAACTGGAACCTTT
AATCGGGATC
GAAAAAGGCGGCGGCTATACATGCAAGTCGAGCGAATGGATTAA
GAGCTTGCTCTTATGAAGTTAGCGGCGGACGGGTGAGTAACACG
TGGGTAACCTGCCCATAAGACTGGGATAACTCCGGGAAACCGGG
GCTAATACCGGATAACATTTTGAACCGCATGGTTCGAAATTGAA
AGGCGGCTTCGGCTGTCACTTATGGATGGACCCGCGTCGCATTAG
CTAGTTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCC
GACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCC
AGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGAC
GAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGCTTTCG
GGTCGTAAAACTCTGTTGTTAGGGAAGAACAAGTGCTAGTTGAA
TAAGCTGGCACCTTGACGGTACCTAACCAGAAAGCCACGGCTAA
CTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTAT
CCGGAATTATTGGGCGTAAAGCGCGCGCAGGTGGTTTCTTAAGT
CTGATGTGAAAGCCCACGGCTCAACCGTGGAGGGTCATTGGAAA
CTGGGAGACTTGAGTGCAGAAGAGGAAAGTGGAATTCCATGTGT
AGCGGTGAAATGCGTAGAGATATGGAGGAACACCAGTGGCGAA
GGCGACTTTCTGGTCTGTAACTGACACTGAGGCGCGAAAGCGTG
GGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAAC
GATGAGTGCTAAGTGTTAGAGGGTTTCCGCCCTTTAGTGCTGAAG
TTAACGCATTAAGCACTCCGCCTGGGGAGTACGGCCGCAAGGCT
GAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGC
ATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTT
GACATCCTCTGACAACCCTAGAGATAGGGCTTCTCCTTCGGGAGC
AGAATGACAGGTGGTGCATGGTTGTCGTCAGCTCGGGCCGGGAA
ATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGATCTTAGTT
GCCATCATTAGTTGGGCACTCTAAGGTGACTGCCGGTGACAAAC
CGGAGGAAGGTGGGGATGACGTCAATCTTCTGCCCCTTATGACT
GNGCTACCCCGGCTAAATGGACGGTCAAAAGTTCCAAACCCGGG
GTGGACTAATCCTAAAACCTTTCCCTTCGGATTGAGGGGCACCCC
CCCATGAAACTGGAACCTTTTAATCCGGAAACAATGCCCGGGGA
AAATTTCCGGGCTTTAACCCCCCCTCCCCCCAAGTTTTACCCC

BI-3
(Bacillus
cereus)

DISCUSSION

Soil is one of the best sources for isolating novel
antibiotics as many scientists have chosen it for their
research [13-16]. It was reported that the heterogeneity
of soil environment results heterogeneous population of
soil bacteria [17]. In this present study, isolation of the
antibiotic producing microorganisms was performed
from waste dumpsite soil. We have isolated two
antibiotic producing bacteria and submitted their 16S
rRNA sequences in the NCBI BLAST.

Morphological identification was done by observing the
colony morphology and by gram staining. Gram staining
method is widely used and unique conventional method
of bacterial characterization [9, 18]. The staining result
showed that both of the bacterial isolates BI-2 and BI-3
were gram positive in nature. It was reported that most
of the soil isolates are gram positive in nature [14]
which supports our result.

During secondary screening the bacterial culture filtrate
was used to observe the antagonistic property of BI-2
and BI-3. The use of bacterial culture filtrate in agar
diffusion method is a common practice among scientists
[19, 20]. The secondary screening of the isolates BI-2
and BI-3 was done against the human pathogens, E. coli
and S. paratyphi. The maximum zone of inhibition was
shown by BI-2 against E. coli. E. coli is one of the
common pathogenic bacteria in the soil. Recently the
antibiotic resistant pathogenic E. coli were isolated from
household soil [21]. Additionally, they found that 42.3%,
12.6% and 10% E. coli isolates were single antibiotic
resistant, multidrug resistant and potentially pathogenic,
respectively. Hence, our bacterial isolate BI-2 would be
potential against pathogenic E. coli.

For molecular characterization of bacterial isolates 16S
rRNA amplification and sequencing was performed. The
16S rRNA gene sequencing was considered as the
improved method for identification of bacteria from
different samples [22]. The sequences of bacterial
isolates BI-2 and BI-3 were matched with Bacillus
subtilis and Bacillus cereus, respectively. It was reported
that Bacillus species were one of the dominant bacterial
species in soil [23, 24]. Gram positive bacteria are more
susceptible to antibiotics than gram negative bacteria for
their composition of outer surface. We observed bigger
inhibited zones against E. coli and S. paratyphi which
indicated the nobility of our isolated strains.

One of the major reasons to be antibiotic resistant is the
excessive use of it as a drug. There is a consistent need
for new antibiotics that would be effective against
different pathogens. The natural products are the major
sources of secondary metabolites in the nature. Hence,
we aimed to isolate and characterize soil bacteria with
antibiosis activity. We have identified Bacillus subtilis
and Bacillus cereus from waste dumpsite soil which has
antibacterial activity against E. coli and S. paratyphi,
respectively. We hope that our findings will help further
commercial production of new antibiotic drugs after
proper down-stream processing.
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