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Abstract: In order to combat infections and cure illnesses, fungi and bacteria produce antibiotics. The need for new
antibiotic discoveries is a result of antibiotic resistance. Since pathogenic bacteria are common in soil, many
techniques have been employed to create strong natural antibiotics against them. Bacteria that produce antibiotics
were isolated from soil in this investigation. Taken from the Bhopal region. Of the five isolates, two were able to
inhibit Klebsiella pneumoniae and Escherichia coli growth. Although the strains differed in culture, morphological
and biochemical tests recognized them as Pseudomonas. Pseudomonas fluorescence and aeruginosa were determined
to be the amplified 16S rRNA PCR products after sequencing revealed 98% and 97% similarity scores, respectively.
Based on this research, it is possible that Pseudomonas species generate antibiotics that suppress a variety of
microorganisms and boost their growth. Regarding their ability to inhibit bacteria, the isolates favored distinct sources
of carbon and nitrogen. The culture filtrates that were used were sterile, filter-sterilized, and proteinase K-treated; the
sterilized filtrates exhibited greater antibacterial activity. 18.5 And 15.5 mm inhibition zones were shown for
streptomycin and culture filtrates. All isolates' antibacterial activity against human pathogens is reported for the first
time in this study. Culture filtrate antibacterial activity was significantly decreased by proteinase K. It appears from
these results that these three bacteria may be isolates with antibacterial properties. More than 5 mg/mL ciprofloxacin,
all bacterial extracts inhibited E. coli growth. As per the study, these species possess the ability to generate
antimicrobial compounds that combat microbial infections and strains that are resistant to drugs. Propanoic acid, oxalic
acid, phenol, and hexadecanoic acid were among the antimicrobial substances identified by GC-MS in bacterial
extracts.
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1. Introduction

The majority of bioactive microorganisms are found in the top few inches of agricultural soils [1]. Microorganisms
are supported by oceanic crust rocks, frigid temperatures, hot springs, and deep depths [2-5]. Soil microorganism
activity and diversity are influenced by both biotic and abiotic factors. Microbes are influenced by a variety of factors,
including temperature, humidity, pH, chemical makeup, nutrients, and vegetation. Soil health is affected by seasonal
changes. Lastly, organic wastes from agriculture enrich soil microbes [6]. Nutrient cycling is carried out by
Clostridium, Caulobacter, Frankia Nitrobacter, Nitrosomonas, Pseudomonas, Rhizobium and Thiobacillus [7].

Researchers in the fields of human health, agriculture, and animal husbandry have discovered, characterized, and used
numerous bacteria that generate metabolites, enzymes, antibiotics, and unique compounds in recent years [8, 9].
Secondary metabolites are produced by microbes with structures. Specific secondary metabolites eliminate infections.
Germs are killed by antibiotics [10]. Antibiotics for humans are mostly bacterial. Most of the 500 antibiotics that are
discovered each year are produced by soil bacteria [11, 12]. Antibiotics, which are low-molecular-mass secondary
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metabolism products (< 1500 kDa), are produced by a small group of microorganisms during the late growth phase
(idiophase) [10]. Antibiotics that fight germs are produced by bacteria [13]. Bacillus, Cephalosporium,
Micomonospora, Penicillium and Streptomyces are the sources of the majority of antibiotics [14]. Gram-positive
bacteria are killed by the bacteriocins found in Polypeptide Bacillus [15, 16].

Using 129 x 109 units (107 per person) in 2010, India was the country that used the most antibiotics [17]. As many
antibiotics lose their effectiveness and pathogenic bacteria develop resistance, there is an increasing demand for
bacterial antibiotics worldwide [18-19]. Researchers in medicine and pharmaceuticals were concerned about drug
resistance in bacteria. Alternative antimicrobial agents are required for dairy, food preservation, and clinics [20-21].
When antibiotics are used inappropriately, pathogenic bacteria become less effective and resistant to drugs. Antibiotic-
resistant pathogens pose a challenge to contemporary medicine. The prevention of infectious diseases is jeopardized
by antibiotic drug resistance [22]. Bacteria alter genes and remove medication efficacy in order to survive in the hostile
environment [23].

New antibiotics or antimicrobials are needed because antibiotic-resistant bacteria pose a threat to public health [24].
Many studies on the synthesis of novel antibiotics from a variety of plants and microorganisms have been conducted
in recent decades [25-28]. Soil texture, flora, moisture content, and nutrient availability all have an impact on these
microbial species and populations [29]. Antibiotics are made by bacteria and are used by them in defense. Bacteria
are protected and signaled by antibiotics [30-31].

The development of antibiotics depends on natural products [32]. We desperately need novel antimicrobials that can
either Kill or control a wide variety of microorganisms. Antibiotics are used in modern medicine. New antibiotics are
needed because common antibiotics become less effective against certain pathogenic strains [33-34]. Microorganisms
that produce secondary metabolites have distinct structures and roles. Antibiotic-like bioactive metabolites are
produced by certain soil microflora [29]. Novel antimicrobials were used in other significant studies on soil bacterial
isolation [35-36].

Multidrug-resistant bacterial pathogens proved difficult for public health officials to contain, increasing their danger.
Bacterial pathogen resistance frequently leads to secondary infections in life-threatening conditions such as cancer,
surgery, transplantation, etc. and impacts current medication treatment [37, 38]. The rapid development of MDR
strains makes drug treatment difficult [39-40]. Microbes create antibiotics to protect their home. Antibiotics are used
to treat illnesses in humans [41]. Medicine was revolutionized by antibiotics [42]. Drug-resistant pathogens, however,
are the result of abuse or overuse [43, 44]. Growing antibiotic resistance poses a threat to modern medicine [45]. Thus,
it is essential to discover novel antibiotics that eradicate resistant bacteria. Drug resistance has numerous causes,
including misuse of antibiotics and careless disposal. Antibacterial products are used therapeutically in agriculture,
human medicine, and animals to aid in the survival and migration of resistant bacteria [466]. Soil resistance bacteria
are spread by the improper use of animal wastes as fertilizers. Drug-resistant bacteria are spread by consuming animal
products [47]. New antibiotics that are safe, efficient, and effective are required to fight drug-resistant pathogens.

The most promising new sources of antibiotics are microbial secondary metabolites [48, 49]. Numerous bacteria in
soil produce metabolites that kill coexisting microorganisms, thereby acting as antibiotics [50]. Temperature, pH,
moisture content, and nutrients all affect soil antibiotic diversity [44]. As was previously mentioned, Pseudomonas
species, which produce antibiotics, are primarily found in soil. They can adapt to any habitat because of their capacity
to produce spores [51]. To ascertain the diverse physiology of Pseudomonas species, intricate biochemical tests are
required. Promising results are obtained from phylogenetic analysis of bacteria using 16S rRNA and gyrase B
sequence analysis [51]. We employed molecular techniques to separate and identify antibiotic-producing bacteria from
agricultural soil in Bhopal, Madhya Pradesh, India that exhibited antibacterial activity.

2. Materials and Methods
Collection of samples

Samples of soil were taken from waste dumps in the Indian city of Bhopal. Following the removal of all surface debris,
the area was excavated to a depth of 4-5 cm, and using a sterile spatula and a plastic bag, about 10-15 g of soil were
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collected. To gather soil samples, five distinct locations within the disposal area were utilized. The soil sample-
containing bag was clearly labeled, brought into the laboratory, and kept at 4 OC until additional examination.

Soil bacteria isolation and maintenance

The well-known "Crowded plate” method was used to isolate soil bacteria after the recommended serial dilution
procedure. To obtain a 1:10 dilution, one gram of each soil sample was weighed and then soaked in ten milliliters of
sterile distilled water. It was given a good shake and then allowed to settle for sediment. After being collected, the
supernatant was serially diluted. Using a glass rod, 100 pl of each dilution was aseptically spread out on nutrient agar
plates that had been labeled. The agar plates were incubated at 37 oC for 24 to 48 hours after a few seconds. To obtain
pure colonies, the recognizable colonies were chosen for streaking on an agar plate individually. For later research,
pure culture was kept at 4 °C.

The isolated bacteria's physiological characteristics

Under a microscope, the morphology of each bacterial isolate colony on agar plates was examined. Following a 24-
hour incubation period at 37°C, the color, shape, appearance, colony diameter, and transparency of each individual
colony were assessed. Thermo Fisher Scientific, Massachusetts, USA) gram staining method was utilized to
differentiate between gram-positive and gram-negative bacteria.

Secondary screening for bacteria that produce antibiotics

The antibacterial activity of pure colonies derived from various bacterial isolates was evaluated against two gram-
negative bacteria, namely Escherichia coli and Klebsiella pneumoniae. Gram negative bacteria were chosen because
they have a history of causing serious infections in humans and because they contain endotoxin. Bacteria that produce
antibiotics were subjected to secondary screening using the agar diffusion method. Using the spread plate technique,
100 ul of the pathogenic culture was inoculated into each plate. The separated colonies' overnight culture was
centrifuged, and the 250l supernatant was absorbed on the discs for later use. After being put on the agar plates, these
discs were left in the incubator for the entire night. A blank disc was employed as a control group. Each inhibited
zone's diameter was measured in order to gauge how strongly the test pathogens were antagonistic.

Biochemical examination of the separated microorganisms

In order to assess the chemical nature of the bacterial isolates, biochemical characterization was performed. Following
standard protocols, we performed tests for oxidase, catalase, VVoges-Proskauer, methyl red, indole production, starch
hydrolysis, citrate utilization, carbohydrate fermentation, and growth on MacConkey agar. (Fig. 1)

Mass spectrum analysis of metabolites using gas chromatography

GC-MS analysis of bacterial secondary metabolites was performed on Thermo Scientific GC Focus Series DSQ. A
constant flow rate of 1 mL per minute with an infection volume of 1 uL was used with helium gas as the carrier gas.
The injector and hot oven were maintained at 250 °C and 110 °C, respectively, and increased by 10 °C per minute to
200 °C, then 5 °C per minute to 280 °C, closing after 9 min at 280 °C. Different compounds' GC column peaks were
eluted and their retention time recorded. After matching data with compound mass spectra, the database searched for
similar compounds with the same molecular mass and retention time. The current research compared the bioactivities
of bacterial extracts and their components to previously studied natural compounds.

Sources of nitrogen and carbon and their impact on antibacterial activity

It was investigated how various carbon and nitrogen sources affected the antibacterial activity of the culture filtrates.
Each 250-ml Erlenmeyer flask was filled with 50 milliliters of the synthetic medium that had been modified with
different sources of nitrogen (0.3%) and carbon (1%) before being sterilized. The synthetic medium contained the
following ingredients: 10 g of sucrose, 1.2 g of K2HPO4, 0.8 g of KH2PO4, 0.2 g of MgS0O4 7H20, 0.3 g of NH4NO3,
1000 ml of water, and pH 6.8—7.00. Carbon sources included arabinose, fructose, galactose, glucose, lactose, maltose,
mannitol, and sucrose. Nitrogen sources included casein, NH4CI, NH4NO3, NaNO3, NH4H2PO4, KNO3,
(NH4)2504, and urea. Following PR1, PR2, and PR3 inoculation, the flasks were shaken and incubated at 30 °C for
48 hours. After 48 hours, the liquid cultures of PR1, PR2, and PR3 were placed in a centrifuge and spun at 5000 x g.
Filters used in cell-free culture were gathered and kept at 4 °C.
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Genomic DNA extraction from specific bacteria

To get rid of the supernatant for the cell pellet, the bacterial broth was centrifuged. After being cleaned with 0.9%
saline, the pellet was suspended in the digestion buffer. Following the manufacturer's instructions, an automated DNA
extractor (Invent Technologies Ltd., Dhaka, India) was used to extract genomic DNA. Using a spectrophotometer set
to measure wavelengths between 260 and 280 nm, the concentration of isolated DNA was determined. Prior to usage,
the genomic DNA's purity was examined. 16S rRNA amplification and sequencing for molecular identification of
bacteria GoTag® Green Master Mix (Promega Corporation, Wisconsin, USA) was used to amp up the 16S rRNA
gene fragments in accordance with the manufacturer's instructions. The forward (5'-AGA GTT TGA TCM TGG CTC
AG-3") and reverse (5'-CGG TTA CCT TGT TAC GAC TT-3') primers were made from universal primers. To sum
up, the PCR began with an initial denaturation that lasted three minutes at 95 °C. 32 cycles of optimum denaturation
were carried out, with 30 s per cycle at 95 °C. After 30 seconds of annealing at 55 °C, there was a 1-minute extension
at 72 °C. The last step of the PCR was extension for five minutes at 72 °C. In the electrophoresis tank, the amplified
PCR products were run on a 1% agarose gel. Ethidium bromide was used to stain the gel, and an Alphalmager
transilluminator (Alpha Innotech, California, USA) was used to scan the gel. The amplified gene segments came from
Invent Technologies Ltd. in Dhaka, India, and were purified and sequenced. Using the sequence alignment editor
BioEdit 7.2, 16S rRNA gene sequences were aligned and then exported into BLAST to find matches with preexisting
reference sequences.

3. Results and Discussion

Separate isolates were filtered out using the crowded plate method.

Following the crowded plate technique, soil samples were cultured on media and colonies with distinct morphology
were discovered. Plates with densely populated but clearly defined colonies were chosen for screening. At dilution
104, five distinct colonies displayed characteristics that could be identified. In order to preserve their pure cultures for
later use, these five antagonistic bacterial colonies (PI-1, PI-2, P1-3, P1-4, and PI-5) were isolated.

Figure 1. Isolates of E.coli and K. Pneumonia
Table 1. Antagonistic activity of bacterial isolates against test pathogens.
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Test Pathogen Isolates Zone of inhibition
(mm)

PI-1 none
PI-2 14.9
. . PI-3 08.99
Escherichia coli S14 o
PI-5 none
PI-1 07.00
PI-2 04.75
i i pl-3 12.7
Klebsiella pneumonia Pla o
PI-5 none

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

Metabolites of various isolates

The antibiotic efficacy of the five bacterial isolates was assessed using the disc diffusion assay against the pathogenic
test strains of Klebsiella pneumoniae and Escherichia coli. (Fig.1) The outcome demonstrated that every isolate had
antibacterial activity, with the exception of PI-5. While PI-1, P1-2, PI-3, and PI-4 demonstrated zones of inhibition
against K. pneumoniae, P1-2, PI-3, and P1-4 demonstrated prominent zones of inhibition against E. coli (Table 1). For
additional examination, the top two isolates (PI-2 and PI-3) were chosen.

Characteristics PI-2 P1-3
Shape of colony Round Circular
Surface texture Flat Flat

Edge Partial Partial
Elevation Elevated Umbonate

Pigmentation Creamy white Creamy white

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

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

Biochemical test P1-2 P1-3

Oxidase Test +

Catalase Test +

Voges-Proskauer Test +

Methyl Red Test - +

Indole Test - -

Starch Hydrolysis Test + +

Citrate Utilization Test

Mentioned in Table 3, a number of biochemical tests were carried out. According to the results above, PI-2 and PI-3
are members of the gram-positive Pseudomonas species. (Fig.2)

Characterization of PI1-2 and PI-3 morphologically

The standard technique for analyzing the morphology of bacterial colonies on an agar plate is used to describe the
growth of bacteria. PI1-2 and PI-3 were found to be smooth-surfaced, circular-shaped colonies under a microscope.
Table 2 displays the specific features of their colony morphology. Since both isolates were growing at the broth's
surface, the growth in the broth was pellicle-like. They were aerobic, based on this result. Additionally, the gram
staining method was used to determine the characteristics of their cell walls. The findings indicated that both isolates
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had maintained their purple hue, identifying them as gram-positive bacteria. PI-2 and PI-3's microscopic observations
revealed that they had bacilli as their natural shape (Figure 1). To verify the identity of the isolated strains, which are

Figure 2. Bacterial plates isolte Pseudomonas species

The GC-MS analysis revealed a wide range of compounds in crude extracts from various bacterial species. The most
significant and conspicuous elements of the crude extract subjected to GC-MS analysis were those that disclosed the
locations and prior identifications of the compounds found in this study. These substances displayed properties similar
to those of bacterial and plant products that are found naturally. The majority were derivatives of volatile substances
like ethers, alkaloids, esters, and phenolic compounds, according to the GC-MS data analysis. Propanoic acid, oxalic
acid, phenol, and 1, 3, 5-trioxane were identified by GC-MS analysis as the main metabolites present in the Bacillus
species extracts. Furthermore, compounds with antibacterial, antifungal, and antioxidant properties were found to
include octadeccenoic acid, hexadecanoic acid, cyclobutane, dasycarpidan, 2-hydroxyl-1,3-propanedyl ester,
cholestan-3-ol, and 2methylene.

Crude Bacterial Isolate Extract’'s Antibacterial Potency

The in-vitro antibacterial potency of crude extracts of bacterial isolates against MDR Gram-positive and Gram-
negative bacteria was dependent on whether an inhibition zone was present or absent. The crude extract inhibited
twelve MDR strains with inhibition zones ranging from 7 to 28 mm. The bacterial extracts effectively inhibited most
Gram-positive and Gram-negative MDR bacterial strains. With an 1Z of 28.22 mm, Paenibacillus dendritiformis
exhibited the highest activity against Pseudomonas flourfesence. P. aeruginosa, K. pneumoniae, and Acinetobacter
baumannii came in second and third, respectively, at 28 mm, 27 mm, and 21 mm. MRSA, K. pneumoniae, P.
aeruginosa, S. aureus, and S. typhi were all inhibited by Brevibacillus formosus at 24 mm, 22 mm, 22 mm, 21 mm,
and 24 mm, respectively. Pseudomonas aeruginosa inhibited E. Coli, S. typhi, K. pneumoniae, MRSA, and S. aureus
at 28 mm, 27 mm, 23 mm, and 22 mm, respectively. All strains are most effective against E. Coli, S. aureus, K.
pneumoniae, Acinetobacter baumannii, and P. aeruginosa. The least activity was observed against P. aeruginosa and
MRSA. The MICs of S. aureus, S. typhi, and E. coli were 1.25, 0.412, and 0.312 mg/mL, respectively. The MIC values
of the ethyl acetate extract of bacterial isolates were 0.312, 0.422, 1.25, and 2.5 mg/m for S. typhi, S. aureus, and E.
coli.

Identification of PI1-2 and P1-3 molecules

Bacterial 16S rRNA PCR products were purified and sequenced. NCBI BLAST was used to analyze the bacterial
isolates PI-2 and PI-3. In BLAST, the bacterial isolate PI-2 displayed 98% similarity with the Pseudomonas
flourscence database sequence that was currently available. Conversely, Pseudomonas aeuroginosa and isolate PI-3
shared 97% of their similarities. The accession numbers for the deposited BI-2 and PI-3 sequences in GenBank were
JF500887.1 and MH298778.1, respectively. Table 4 displayed the P1-2 and PI-3 detailed sequences. By building a
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phylogenetic tree with neighbor-joining techniques in MEGAY software, the phylogenetic positions of the isolates
were also assessed [52] (Fig. 3).
53.8 P. fluorescens Pf0-1
42 P. sp. UW4

P. brassicacearum NFM421

=)
S
~

P. protegens Pf-5
550 L IP fluorescens JE500887.1]
— P. syringae B728a
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Figure 3 illustrates the evolutionary relationships of bacterial isolates P1-2 and P1-3, determined through the Neighbor-
Joining method in MEGAY. Bootstrap test results (500 replicates) are displayed on branches, indicating the percentage
of replicate trees where associated taxa clustered together. Evolutionary distances were computed using the number
of differences method, with 10 nucleotide sequences analyzed. Gaps and missing data were excluded, and the box
highlights deposited sequences of PI-2 and PI-3.
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Table 4. 16S rRNA gene sequence of antagonistic bacterial isolates PI-2 and PI-3.

Bacterial

16s rRNA gene sequence

PI-2
(Pseudom
onas
flourscenc

€)

>JF500887.1 Uncultured Pseudomonas sp. clone 1 16S ribosomal RNA gene, partial sequence
AGAGTTTGATTATGGCTCAGATTGAACGCTGGCGGCAGGCCTAACACATGCAAGTC
GAGCGGTAGAGAGG
TGCTTGCACCTCTTGAGAGCGGCGGACGGGTGAGTAATGCCTAGGAATCTGCCTGG
TAGTGGGGGATAAC
GCTCGGAAACGGACGCTAATACCGCATACGTCCTACGGGAGAAAGCAGGGGACCT
TCGGGCCTTGCGCTA
TCAGATGAGCCTAGGTCGGATTAGCTAGTTGGTGGGGTAATGGCTCACCAAGGCGA
CGATCCGTAACTGG
TCTGAGAGGATGATCAGTCACACTGGAACTGAGACACGGTCCAGACTCCTACGGG
AGGCAGCAGTGGGGA
ATATTGGACAATGGGCGAAAGCCTGATCCAGCCATGCCGCGTGTGTGAAGAAGGT
CTTCGGATTGTAAAG
CACTTTAAGTTGGGAGGAAGGGCATTAACCTAATACGTTAGTGTTTTGACGTTACC
GACAGAATAAGCAC
CGGCTAACTCTGTGCCAGCAGCCGCGGTAATACAGAGGGTGCAAGCGTTAATCGG
AATTACTGGGCGTAA
AGCGCGCGTAGGTGGTTCGTTAAGTTGGATGTGAAATCCCCGGGCTCAACCTGGGA
ACTGCATTCAAAAC
TGTCGAGCTAGAGTATGGTAGAGGGTGGTGGAATTTCCTGTGTAGCGGTGAAATGC
GTAGATATAGGAAG
GAACACCAGTGGCGAAGGCGACCACCTGGACTGATACTGACACTGAGGTGCGAAA
GCGTGGGGAGCAAAC
AGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGTCAACTAGCCGTTGGGAG
CCTTGAGCTCTTAG
TGGCGCAGCTAACGCATTAAGTTGACCGCCTGGGGAGTACGGCCGCAAGGTTAAA
ACTCAAATGAATTGA
CGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAAT

PI-3
(Pseudom
onas
aeurogino
sa)

>MH298778.1 Pseudomonas sp. strain aeuroginosa 16S ribosomal RNA gene, partial sequence
TGATACGTGGAGCGGACGAAGGGAGCTACGCACCCGGATTCCGCGGCGGTAGGGT
GAGTAATGCCTAGGA
ATCTGCCTGGTAGTGGGGGATAACGTCCGGAAACGGGCGCTAATACCGCATACGTC
CTGAGGGAGAAAGT
GGGGGATCTTCGGACCTCACGCTATCAGATGAGCCTAGGTCGGATTAGCTAGTTGG
TGGGGTAAAGGCCT
ACCAAGGCGACGATCCGTAACTGGTCTGAGAGGATGATCAGTCACACTGGAACTG
AGACACGGTCCAGAC
TCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGAAAGCCTGATCCAG
CCATGCCGCGTGTGT
GAAGAAGGTCTTCGGATTGTAAAGCACTTTAAGTTGGGAGGAAGGGCAGTAAGTT
AATACCTTGCTGTTT
TGACGTTACCAACAGAATAAGCACCGGCTAACTTCGTGCCAGCAGCCGCGGTAATA
CGAAGGGTGCAAGC
GTTAATCGGAATTACTGGGCGTAAAGCGCGCGTAGGTGGTTCAGCAAGTTGGATGT
GAAATCCCCGGGCT
CAACCTGGGAACTGCATCCAAAACTACTGAGCTAGAGTACGGTAGAGGGTGGTGG
AATTTCCTGTGTAGC
GGTGAAATGCGTAGATATAGGAAGGAACACCAGTGGCGAAGGCGACCACCTTGAC
TGATACTGACACTGA
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GGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTA
AACGATGTCGACTAG
CCGTTGGGATCCTTGAGATTTTAGTGGCGCAGCTAACGCGATAAGTCGACCGCCTG
GGGAGTACGGCCGC
AAGGTTAAAACTCAAATGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGG
TTTAATTCGAAGCAA
CGCGAAGAACCTTACCTGGCCTTGACATGCTGAGAACTTTCCAGAGATGTAGTGGT
GCCTTCCGGGAACC
TCGTAGTACCTTAGCTGCGCTGCGTGCG

For the reason that so many researchers have chosen to conduct their investigations in soil [53-56], it is considered to
be one of the most effective sources for isolating novel antibiotics. In accordance with the findings of certain reports,
the heterogeneity of the soil environment is responsible for the presence of a diverse population of soil bacteria [57].
Through the use of soil obtained from a waste dumpsite, the microorganisms that are accountable for the production
of antibiotics were successfully isolated in the current study. Using the 16S rRNA of two bacteria that produce
antibiotics, we have sequenced them and added them to the BLAST database that is maintained by the NCBI.

The observation of colony morphology and Gram staining were the methods that were utilized to accomplish
morphological identification. The Gram staining technique is a well-known and distinctive traditional method that is
used to characterize bacteria [9, 58]. The staining procedure revealed that the two bacterial isolates, BI-2 and BI-3,
were gram positive. This was demonstrated by the results of the process. Our findings are supported by the report [54],
which states that the majority of soil isolates are gram positive in naturally occurring conditions.
The antagonistic properties of PI1-2 and PI1-3 were investigated during the secondary screening procedure by making
use of the filtrate obtained from the bacterial culture. It is common practice for researchers to make use of bacterial
culture filtrate when employing the agar diffusion method [59, 60]. In order to determine whether or not the isolates
PI-2 and PI-3 were active against the human pathogens K. pneumoniae and E. coli, a secondary screening procedure
was carried out. According to PI-2, the zone of inhibition against E. coli was at its highest possible level. One of the
most common types of harmful bacteria that can be found in soil is E. coli. Recent research has shown that antibiotic-
resistant E. coli bacteria can be found in domestic soil [61]. Furthermore, the researchers discovered that 42.3%,
12.6%, and 10% of the E. coli isolates were potentially pathogenic, resistant to multiple drugs, and resistant to a single
antibiotic, respectively. The bacterial isolate that we have, PI-2, may therefore be able to inhibit the pathogenic E. coli
bacteria.

For the purpose of molecularly characterizing the bacterial isolates, the 16S rRNA amplification and sequencing tests
were carried out. When it comes to identifying bacteria in a variety of samples, 16S rRNA gene sequencing was
thought to be a more accurate method [62]. It was determined that the sequences of Pseudomonas flourscence and
Pseudomonas aeuroginosa were identical to those of the bacterial isolates Bl-2 and BI-3, respectively. There are
reports that indicate that Pseudomonas species is one of the most prevalent bacterial species that can be found in soil
[63, 64]. This is due to the composition of the outer surface of gram-positive bacteria, which makes them more
susceptible to antibiotics than gram-negative bacteria. Compared to K. pneumoniae and E. coli, our isolated strains
appeared to be more effective, as demonstrated by the larger inhibited zones that were observed against these two
bacteria.

The overuse of antibiotics as a treatment is one of the primary factors that contributes to the development of antibiotic
resistance. There will always be a need for novel antibiotics that are effective against a wide variety of viruses and
bacteria. Secondary metabolites in the natural world are primarily derived from natural products as their primary
source. As a result, our objective was to locate and isolate bacteria from the soil that exhibit antibiosis activity. The
soil at waste dump sites was used to isolate Pseudomonas flourscence and Pseudomonas aeuroginosa, which we have
successfully isolated. It has been demonstrated that these two species possess antibacterial properties against K.
pneumoniae and E. coli, respectively. It is our expectation that the results of our research will be of assistance in the
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commercial production of more innovative antibiotic drugs, following the appropriate downstream processing.
There were three different bacterial genera that were identified and investigated in relation to MDRS in a previous
study [65]. There was another study that came to almost identical conclusions [66]. Brevibacillus ssp. [67] was found
to have powerful antimicrobial activity against pathogenic bacteria and fungi, according to the findings of a number
of investigations. Another study that was conducted on the topic of the inhibitory power of Brevibacillus on MDRS
was referred to as [68]. It was determined which compounds were present in the bacterial extracts by using GC-MS
in the analysis. These compounds were derived from volatile substances such as ethers, phenolics, alkaloids, and
esters. The majority of these compounds were derived from these substances. Additionally, they shared structural
similarities with naturally occurring products that originated from plants and bacteria. Propanoic acid, phenol, oxalic
acid, and 1,3,5-trioxaneas are the primary metabolites of the particular that was used in this study. These substances
have the ability to inhibit the growth of bacteria and act as antioxidants.

Multiple cases reported findings that were comparable to one another. One example is the bacteriocin-like inhibitory
substance (BLIS) known as Pecilocin Bb, which is resistant to heat (100 degrees Celsius for thirty minutes), detergents,
and organic solvents. This substance is derived from soil and is produced by the Brevibacillus. When the pH is between
1.0 and 9.0, it does not change. Research conducted by Kim and Bae [70] demonstrated that Paneibacillus possesses
antimicrobial activity that is broad-spectrum. A number of secondary metabolites, including chondrillasterol,
stigmasterol, benzedicarboxylic acid, and octadeconoic acid, were also identified and analyzed by GC-MS as part of
the investigation. Similar compounds that were isolated from plants and demonstrated antimicrobial activity against
E. coli and MRSA were utilized in a study that was related to the one that was being discussed. Phuong and Han [71]
conducted research that was very similar to this particular study on the marine Bacillus subtilis strain HD16b, which
is capable of producing benz dicarboxylic acid and octadecanoic acid.

4. References

1. Foster JW, Woodruff HB. Antibiotic substances produced by bacteria. Ann N Y Acad Sci. 2010; 1213:125—
136. doi: 10.1111/j.1749-6632.2010.05887.x. [PubMed] [CrossRef] [Google Scholar]

2. Li J, Mara P, Schubotz F, Sylvan JB, Burgaud G, Klein F, Beaudoin D, Wee SY, Dick HJB, Lott S, Cox R,
Meyer LAE, Quémener M, Blackman DK, Edgcomb VP. Recycling and metabolic flexibility dictate life in the
lower oceanic crust. Nature. 2020; 579:250-255. doi: 10.1038/s41586-020-2075-5. [PubMed]
[CrossRef] [Google Scholar]

3. Mocali S, Chiellini C, Fabiani A, Decuzzi S, Pascale D, Parrilli E, Tutino ML, Perrin E, Bosi E, Fondi M,
Giudice AL, Renato FR. Ecology of cold environments: new insights of bacterial metabolic adaptation through
an integrated genomic-phenomic approach. Sci Rep. 2017; 7:839. doi: 10.1038/s41598-017-00876-4. [PMC
free article] [PubMed] [CrossRef] [Google Scholar]

4, Schuler CG, Havig JR, FHamilton TL (2017) Hot spring microbial community composition, morphology, and
carbon fixation: implications for interpreting the ancient rock record. Front Earth Sci. 10.3389/feart.2017.00097

5. Ali |, Prasongsuk S, Akbar A, Aslam M, Lotrakul P, Punnapayak H, Rakshit SK. Hypersaline habitats and
halophilic microorganisms. Maejo Int J Sci Technol. 2016; 10:330-345. [Google Scholar]

6. Pathak SP, Gopal K. Prevalence of bacterial contamination with antibiotic-resistant and enterotoxigenic fecal
coliforms in  treated drinking  water.J  Toxicol  Environ  Health. 2008;  71:427-433.
doi: 10.1080/15287390701838796. [PubMed] [CrossRef] [Google Scholar]

7. Nilsson LO, Huttl RF, Johansson UT, Jochheim H. Selected papers from the CEC/IUFRO Symposium on
Nutrient Uptake and Cycling in Forest Ecosystems. Plant Soil. 1995;168(169):5-13.F. [Google Scholar]

8. Rotich MC, Magir E, Bii C, Maina N. Bio-prospecting for broad-spectrum antibiotic-producing actinomycetes
isolated from virgin soils in Kericho county, Kenya. Adv Microbiol. 2017;7:1.
doi: 10.4236/aim.2017.71005. [CrossRef] [Google Scholar]

9. Baniya A, Singh S, Singh M, Nepal P, Adhikari M, Aryal S, Adhikari A. Isolation and screening of antibiotics
producing Streptomyces spp from the soil collected around the root of Alnus nepalensis from Godawari. Nepal
J Biotechnol. 2019;6:46-56. doi: 10.3126/njb.v6i1.22337. [CrossRef] [Google Scholar]

10. Demain AL, Fang A. In: The natural functions of secondary metabolites. Advances in biochemical
engineering/biotechnology: history of modern biotechnology |. Fletcher A, editor. Berlin: Springer; 2000. pp.
2-39. [PubMed] [Google Scholar]

https://museonaturalistico.it 1101



https://museonaturalistico.it/
https://pubmed.ncbi.nlm.nih.gov/21175681
https://doi.org/10.1111%2Fj.1749-6632.2010.05887.x
https://scholar.google.com/scholar_lookup?journal=Ann+N+Y+Acad+Sci&title=Antibiotic+substances+produced+by+bacteria&author=JW+Foster&author=HB+Woodruff&volume=1213&publication_year=2010&pages=125-136&pmid=21175681&doi=10.1111/j.1749-6632.2010.05887.x&
https://pubmed.ncbi.nlm.nih.gov/32161389
https://doi.org/10.1038%2Fs41586-020-2075-5
https://scholar.google.com/scholar_lookup?journal=Nature&title=Recycling+and+metabolic+flexibility+dictate+life+in+the+lower+oceanic+crust&author=J+Li&author=P+Mara&author=F+Schubotz&author=JB+Sylvan&author=G+Burgaud&volume=579&publication_year=2020&pages=250-255&pmid=32161389&doi=10.1038/s41586-020-2075-5&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5429795/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5429795/
https://pubmed.ncbi.nlm.nih.gov/28404986
https://doi.org/10.1038%2Fs41598-017-00876-4
https://scholar.google.com/scholar_lookup?journal=Sci+Rep&title=Ecology+of+cold+environments:+new+insights+of+bacterial+metabolic+adaptation+through+an+integrated+genomic-phenomic+approach&author=S+Mocali&author=C+Chiellini&author=A+Fabiani&author=S+Decuzzi&author=D+Pascale&volume=7&publication_year=2017&pages=839&pmid=28404986&doi=10.1038/s41598-017-00876-4&
https://scholar.google.com/scholar_lookup?journal=Maejo+Int+J+Sci+Technol&title=Hypersaline+habitats+and+halophilic+microorganisms&author=I+Ali&author=S+Prasongsuk&author=A+Akbar&author=M+Aslam&author=P+Lotrakul&volume=10&publication_year=2016&pages=330-345&
https://pubmed.ncbi.nlm.nih.gov/18306089
https://doi.org/10.1080%2F15287390701838796
https://scholar.google.com/scholar_lookup?journal=J+Toxicol+Environ+Health&title=Prevalence+of+bacterial+contamination+with+antibiotic-resistant+and+enterotoxigenic+fecal+coliforms+in+treated+drinking+water&author=SP+Pathak&author=K+Gopal&volume=71&publication_year=2008&pages=427-433&doi=10.1080/15287390701838796&
https://scholar.google.com/scholar_lookup?journal=Plant+Soil&title=Selected+papers+from+the+CEC/IUFRO+Symposium+on+Nutrient+Uptake+and+Cycling+in+Forest+Ecosystems&author=LO+Nilsson&author=RF+H%C3%BCttl&author=UT+Johansson&author=H+Jochheim&volume=168&issue=169&publication_year=1995&pages=5-13.F&
https://doi.org/10.4236%2Faim.2017.71005
https://scholar.google.com/scholar_lookup?journal=Adv+Microbiol&title=Bio-prospecting+for+broad-spectrum+antibiotic-producing+actinomycetes+isolated+from+virgin+soils+in+Kericho+county,+Kenya&author=MC+Rotich&author=E+Magir&author=C+Bii&author=N+Maina&volume=7&publication_year=2017&pages=1&doi=10.4236/aim.2017.71005&
https://doi.org/10.3126%2Fnjb.v6i1.22337
https://scholar.google.com/scholar_lookup?journal=Nepal+J+Biotechnol&title=Isolation+and+screening+of+antibiotics+producing+Streptomyces+spp+from+the+soil+collected+around+the+root+of+Alnus+nepalensis+from+Godawari&author=A+Baniya&author=S+Singh&author=M+Singh&author=P+Nepal&author=M+Adhikari&volume=6&publication_year=2019&pages=46-56&doi=10.3126/njb.v6i1.22337&
https://pubmed.ncbi.nlm.nih.gov/11036689
https://scholar.google.com/scholar_lookup?title=The+natural+functions+of+secondary+metabolites.+Advances+in+biochemical+engineering/biotechnology:+history+of+modern+biotechnology+I&author=AL+Demain&author=A+Fang&publication_year=2000&

NATURALISTA CAMPANO
ISSN: 1827-7160
Volume 28 Issue 1, 2024

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

Molinari G. Natural products in drug discovery, present status, and perspectives. Pharm
Biotechnol. 2009;655:13-27. doi: 10.1007/978-1-4419-1132-2_2. [PubMed] [CrossRef] [Google Scholar]
Hassan SA, Hanif E, Zohra RR. Isolation and screening of soil bacteria for potential antimicrobial
activity. Fuuast J Biol. 2014;4:217-219. [Google Scholar]

Hibbing ME, Fuqua C, Parsek MR, Peterson SB. Bacterial competition: surviving and thriving in the microbial
jungle. Nat Rev  Microbiol. 2010;8:15-25.  doi: 10.1038/nrmicro2259. [PMC free article] [PubMed]
[CrossRef] [Google Scholar]

Sethi S, Kumar R, Gupta S. Antibiotic production by microbes isolated from soil. Int J Pharm Sci
Res. 2013;4:2967-2973. [Google Scholar]

Huck TA, Porter N, Bushell ME. Positive selection of antibiotic producing soil isolates.J Gen
Microbiol. 1991;137:2321-2329.  doi: 10.1099/00221287-137-10-2321. [PubMed]  [CrossRef] [Google
Scholar]

Marahiel MA, Nakano MM, Zabar P. Regulation of peptide antibiotic production in Bacillus. Mol
Microbiol. 1993;7:631-636.  doi: 10.1111/j.1365-2958.1993.tb01154.x. [PubMed] [CrossRef] [Google
Scholar]

Van Boeckel TP, Gandra S, Ashok A, Caudron Q, Grenfell BT, Levin SA, Laxminarayan R. Global antibiotic
consumption from 2000 to 2010: an analysis of national pharmaceutical sales data. Lancet Infect
Dis. 2014;14:742-750. doi: 10.1016/S1473-3099(14)70780-7. [PubMed] [CrossRef] [Google Scholar]
Mayers DL, Lerner SA, Ouelette M. Antimicrobial drug resistance C: clinical and epidemiological
aspects. Springer Dordrecht Heidelberg, London. 2009;2:681-1347. [Google Scholar]

Guschin A, Ryzhikh P, Rumyantseva T, Gomberg M, Unemo M. Treatment efficacy, treatment failures, and
selection of macrolide resistance in patients with a high load of Mycoplasma genitalium during treatment of
male urethritis with Josamycin. BMC Infect Dis. 2015;15:1-7. doi: 10.1186/512879-015-0781-7. [PMC free
article] [PubMed] [CrossRef] [Google Scholar]

Martin I, Sawatzky P, Liu G, Mulvey MR. Antimicrobial resistance to Neisseria gonorrhoeae in Canada: 2009—
2013 Can. Commun Dis Rep. 2015;41:40-41. [PMC free article] [PubMed] [Google Scholar]

Gerits E, Blommaert E, Lippell A, O'Neill AJ, Weytjens B, De Maeyer D, Fierro AC, Marchal K, Marchand
A, Chaltin P, Spincemaille P, De Brucker K, Thevissen K, Cammue BP, Swings T, Liebens V, Fauvart M,
Verstraeten N, Michiels J. Elucidation of the mode of action of a new antibacterial compound active
against Staphylococcus aureus and Pseudomonas aeruginosa. PLoS One. 2016;11:e0155139.
doi: 10.1371/journal.pone.0155139. [PMC free article] [PubMed] [CrossRef] [Google Scholar]

Kumarasamy KK, Toleman MA, Walsh TR, Bagaria J, Butt F, Balakrishnan R, Chaudhary U, Doumith M,
Giske CG, Irfan S, Krishnan P, Kumar AV, Maharjan S, Mushtaq S, Noorie T, Paterson DL, Pearson A, Perry
C, Pike R, Rao B, Ray U, Sarma JB, Sharma M, Sheridan E, Thirunarayan MA, Turton J, Upadhyay S, Warner
M, Welfare W, Livermore DM, Woodford N. Emergence of a new antibiotic resistance mechanism in India,
Pakistan, and the UK: a molecular, biological, and epidemiological study. Lancet Infect Dis. 2010;10:597-602.
doi: 10.1016/S1473-3099(10)70143-2. [PMC free article] [PubMed] [CrossRef] [Google Scholar]
Torres-Cortes G, Millan V, Ramirez-Saad HC, Nisa-Martinez R, Toro N, Martinez-Abarca F. Characterization
of novel antibiotic resistance genes identified by functional metagenomics on soil samples. Environ
Microbiol. 2011;13:1101-1114.  doi: 10.1111/j.1462-2920.2010.02422.x. [PubMed]  [CrossRef] [Google
Scholar]

Ali F., Gul S., Sabir M.S., Shakeela Q., Rasheed A., Andleeb F., Ullah A., Sardar S., Ahmed S. Comparative
in vitro activity of selected antibacterial agents against Escherichia coli isolated from hospitalized patients
suffering UTI. Pak. J. Pharm. Sci. 2022;35:487-492. [PubMed] [Google Scholar]

Ali S., Khan M.A., Kim W.-C. Pseudomonas veronii KJ mitigates flood stress-associated damage in Sesamum
indicum L. Appl. Biol. Chem. 2018;61:575-585. doi: 10.1007/s13765-018-0392-2. [CrossRef] [Google
Scholar]

Eun H.-D., Ali S., Jung H., Kim K., Kim W.-C. Profiling of ACC synthase gene (ACS11) expression in
Arabidopsis induced by abiotic stresses. Appl. Biol. Chem. 2019;62:42. doi: 10.1186/s13765-019-0450-
4. [CrossRef] [Google Scholar]

Moon Y.S., Ali S. Possible mechanisms for the equilibrium of ACC and role of ACC deaminase-producing
bacteria. Appl. Microbiol. Biotechnol. 2022;106:877-887. doi: 10.1007/s00253-022-11772-x. [PubMed]
[CrossRef] [Google Scholar]

https://museonaturalistico.it 1102



https://museonaturalistico.it/
https://pubmed.ncbi.nlm.nih.gov/20047031
https://doi.org/10.1007%2F978-1-4419-1132-2_2
https://scholar.google.com/scholar_lookup?journal=Pharm+Biotechnol&title=Natural+products+in+drug+discovery,+present+status,+and+perspectives&author=G+Molinari&volume=655&publication_year=2009&pages=13-27&doi=10.1007/978-1-4419-1132-2_2&
https://scholar.google.com/scholar_lookup?journal=Fuuast+J+Biol&title=Isolation+and+screening+of+soil+bacteria+for+potential+antimicrobial+activity&author=SA+Hassan&author=E+Hanif&author=RR+Zohra&volume=4&publication_year=2014&pages=217-219&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2879262/
https://pubmed.ncbi.nlm.nih.gov/19946288
https://doi.org/10.1038%2Fnrmicro2259
https://scholar.google.com/scholar_lookup?journal=Nat+Rev+Microbiol&title=Bacterial+competition:+surviving+and+thriving+in+the+microbial+jungle&author=ME+Hibbing&author=C+Fuqua&author=MR+Parsek&author=SB+Peterson&volume=8&publication_year=2010&pages=15-25&pmid=19946288&doi=10.1038/nrmicro2259&
https://scholar.google.com/scholar_lookup?journal=Int+J+Pharm+Sci+Res&title=Antibiotic+production+by+microbes+isolated+from+soil&author=S+Sethi&author=R+Kumar&author=S+Gupta&volume=4&publication_year=2013&pages=2967-2973&
https://pubmed.ncbi.nlm.nih.gov/1770349
https://doi.org/10.1099%2F00221287-137-10-2321
https://scholar.google.com/scholar_lookup?journal=J+Gen+Microbiol&title=Positive+selection+of+antibiotic+producing+soil+isolates&author=TA+Huck&author=N+Porter&author=ME+Bushell&volume=137&publication_year=1991&pages=2321-2329&pmid=1770349&doi=10.1099/00221287-137-10-2321&
https://scholar.google.com/scholar_lookup?journal=J+Gen+Microbiol&title=Positive+selection+of+antibiotic+producing+soil+isolates&author=TA+Huck&author=N+Porter&author=ME+Bushell&volume=137&publication_year=1991&pages=2321-2329&pmid=1770349&doi=10.1099/00221287-137-10-2321&
https://pubmed.ncbi.nlm.nih.gov/7682277
https://doi.org/10.1111%2Fj.1365-2958.1993.tb01154.x
https://scholar.google.com/scholar_lookup?journal=Mol+Microbiol&title=Regulation+of+peptide+antibiotic+production+in+Bacillus&author=MA+Marahiel&author=MM+Nakano&author=P+Zabar&volume=7&publication_year=1993&pages=631-636&pmid=7682277&doi=10.1111/j.1365-2958.1993.tb01154.x&
https://scholar.google.com/scholar_lookup?journal=Mol+Microbiol&title=Regulation+of+peptide+antibiotic+production+in+Bacillus&author=MA+Marahiel&author=MM+Nakano&author=P+Zabar&volume=7&publication_year=1993&pages=631-636&pmid=7682277&doi=10.1111/j.1365-2958.1993.tb01154.x&
https://pubmed.ncbi.nlm.nih.gov/25022435
https://doi.org/10.1016%2FS1473-3099(14)70780-7
https://scholar.google.com/scholar_lookup?journal=Lancet+Infect+Dis&title=Global+antibiotic+consumption+from+2000+to+2010:+an+analysis+of+national+pharmaceutical+sales+data&author=TP+Van+Boeckel&author=S+Gandra&author=A+Ashok&author=Q+Caudron&author=BT+Grenfell&volume=14&publication_year=2014&pages=742-750&pmid=25022435&doi=10.1016/S1473-3099(14)70780-7&
https://scholar.google.com/scholar_lookup?journal=Springer+Dordrecht+Heidelberg,+London&title=Antimicrobial+drug+resistance+C:+clinical+and+epidemiological+aspects&author=DL+Mayers&author=SA+Lerner&author=M+Ouelette&volume=2&publication_year=2009&pages=681-1347&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4318211/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4318211/
https://pubmed.ncbi.nlm.nih.gov/25645440
https://doi.org/10.1186%2Fs12879-015-0781-7
https://scholar.google.com/scholar_lookup?journal=BMC+Infect+Dis&title=Treatment+efficacy,+treatment+failures,+and+selection+of+macrolide+resistance+in+patients+with+a+high+load+of+Mycoplasma+genitalium+during+treatment+of+male+urethritis+with+Josamycin&author=A+Guschin&author=P+Ryzhikh&author=T+Rumyantseva&author=M+Gomberg&author=M+Unemo&volume=15&publication_year=2015&pages=1-7&pmid=25567701&doi=10.1186/s12879-015-0781-7&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5864279/
https://pubmed.ncbi.nlm.nih.gov/29769930
https://scholar.google.com/scholar_lookup?journal=Commun+Dis+Rep&title=Antimicrobial+resistance+to+Neisseria+gonorrhoeae+in+Canada:+2009%E2%80%932013+Can&author=I+Martin&author=P+Sawatzky&author=G+Liu&author=MR+Mulvey&volume=41&publication_year=2015&pages=40-41&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4864301/
https://pubmed.ncbi.nlm.nih.gov/27167126
https://doi.org/10.1371%2Fjournal.pone.0155139
https://scholar.google.com/scholar_lookup?journal=PLoS+One&title=Elucidation+of+the+mode+of+action+of+a+new+antibacterial+compound+active+against+Staphylococcus+aureus+and+Pseudomonas+aeruginosa&author=E+Gerits&author=E+Blommaert&author=A+Lippell&author=AJ+O%27Neill&author=B+Weytjens&volume=11&publication_year=2016&pages=e0155139&pmid=27167126&doi=10.1371/journal.pone.0155139&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2933358/
https://pubmed.ncbi.nlm.nih.gov/20705517
https://doi.org/10.1016%2FS1473-3099(10)70143-2
https://scholar.google.com/scholar_lookup?journal=Lancet+Infect+Dis&title=Emergence+of+a+new+antibiotic+resistance+mechanism+in+India,+Pakistan,+and+the+UK:+a+molecular,+biological,+and+epidemiological+study&author=KK+Kumarasamy&author=MA+Toleman&author=TR+Walsh&author=J+Bagaria&author=F+Butt&volume=10&publication_year=2010&pages=597-602&pmid=20705517&doi=10.1016/S1473-3099(10)70143-2&
https://pubmed.ncbi.nlm.nih.gov/21281423
https://doi.org/10.1111%2Fj.1462-2920.2010.02422.x
https://scholar.google.com/scholar_lookup?journal=Environ+Microbiol&title=Characterization+of+novel+antibiotic+resistance+genes+identified+by+functional+metagenomics+on+soil+samples&author=G+Torres-Cortes&author=V+Millan&author=HC+Ramirez-Saad&author=R+Nisa-Martinez&author=N+Toro&volume=13&publication_year=2011&pages=1101-1114&pmid=21281423&doi=10.1111/j.1462-2920.2010.02422.x&
https://scholar.google.com/scholar_lookup?journal=Environ+Microbiol&title=Characterization+of+novel+antibiotic+resistance+genes+identified+by+functional+metagenomics+on+soil+samples&author=G+Torres-Cortes&author=V+Millan&author=HC+Ramirez-Saad&author=R+Nisa-Martinez&author=N+Toro&volume=13&publication_year=2011&pages=1101-1114&pmid=21281423&doi=10.1111/j.1462-2920.2010.02422.x&
https://pubmed.ncbi.nlm.nih.gov/35642404
https://scholar.google.com/scholar_lookup?journal=Pak.+J.+Pharm.+Sci.&title=Comparative+in+vitro+activity+of+selected+antibacterial+agents+against+Escherichia+coli+isolated+from+hospitalized+patients+suffering+UTI&author=F.+Ali&author=S.+Gul&author=M.S.+Sabir&author=Q.+Shakeela&author=A.+Rasheed&volume=35&publication_year=2022&pages=487-492&pmid=35642404&
https://doi.org/10.1007%2Fs13765-018-0392-2
https://scholar.google.com/scholar_lookup?journal=Appl.+Biol.+Chem.&title=Pseudomonas+veronii+KJ+mitigates+flood+stress-associated+damage+in+Sesamum+indicum+L.&author=S.+Ali&author=M.A.+Khan&author=W.-C.+Kim&volume=61&publication_year=2018&pages=575-585&doi=10.1007/s13765-018-0392-2&
https://scholar.google.com/scholar_lookup?journal=Appl.+Biol.+Chem.&title=Pseudomonas+veronii+KJ+mitigates+flood+stress-associated+damage+in+Sesamum+indicum+L.&author=S.+Ali&author=M.A.+Khan&author=W.-C.+Kim&volume=61&publication_year=2018&pages=575-585&doi=10.1007/s13765-018-0392-2&
https://doi.org/10.1186%2Fs13765-019-0450-4
https://scholar.google.com/scholar_lookup?journal=Appl.+Biol.+Chem.&title=Profiling+of+ACC+synthase+gene+(ACS11)+expression+in+Arabidopsis+induced+by+abiotic+stresses&author=H.-D.+Eun&author=S.+Ali&author=H.+Jung&author=K.+Kim&author=W.-C.+Kim&volume=62&publication_year=2019&pages=42&doi=10.1186/s13765-019-0450-4&
https://pubmed.ncbi.nlm.nih.gov/35061091
https://doi.org/10.1007%2Fs00253-022-11772-x
https://scholar.google.com/scholar_lookup?journal=Appl.+Microbiol.+Biotechnol.&title=Possible+mechanisms+for+the+equilibrium+of+ACC+and+role+of+ACC+deaminase-producing+bacteria&author=Y.S.+Moon&author=S.+Ali&volume=106&publication_year=2022&pages=877-887&pmid=35061091&doi=10.1007/s00253-022-11772-x&

NATURALISTA CAMPANO
ISSN: 1827-7160
Volume 28 Issue 1, 2024

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.
42,
43.
44,

45,
46.

47.

Liaquat F., Munis M.F.H., Haroon U., Arif S., Saqib S., Zaman W., Khan A.R., Shi J., Che S., Liu Q. Evaluation
of metal tolerance of fungal strains isolated from contaminated mining soil of Nanjing,
China. Biology. 2020;9:469. doi: 10.3390/biology9120469. [PMC free article] [PubMed] [CrossRef] [Google
Scholar]

Mashoria A., Lovewanshi H., Rajawat B.S. Isolation of antimicrobial producing bacteria from soil samples
collected from Bhopal Region of Madhya Pradesh, India. Int. J. Curr. Microbiol. Appl. Sci. 2014;3:563—
569. [Google Scholar]

Demain A.L., Sanchez S. Microbial drug discovery: 80 years of progress. J. Antibiot. 2009;62:5-16.
doi: 10.1038/ja.2008.16. [PMC free article] [PubMed] [CrossRef] [Google Scholar]

Lihan S., Lin C.S., Ahmad 1., Sinang F.M., Hua N.K., Sallehin A.A. Antimicrobial producing microbes isolated
from soil samples collected from Nanga Merit Forest in Sarawak, Malaysian Borneo. Eur. J. Exp.
Biol. 2014;4:494-501. [Google Scholar]

Jackson N., Czaplewski L., Piddock L.J. Discovery and development of new antibacterial drugs: Learning from
experience? J. Antimicrob. Chemother. 2018;73:1452-1459. doi: 10.1093/jac/dky019. [PubMed]
[CrossRef] [Google Scholar]

Wright G.D. Solving the antibiotic crisis. ACS Infect. Dis. 2015;1:80-84. doi: 10.1021/id500052s. [PubMed]
[CrossRef] [Google Scholar]

Sunera A., Sagib S., Uddin S., Zaman W., Ullah F., Ayaz A., Asghar M., Rehman S., Munis M., Chaudhary H.
Characterization and phytostimulatory activity of bacteria isolated from tomato (Lycopersicon
esculentum Mill.) rhizosphere. Microb. Pathog. 2020;140:103966.
doi: 10.1016/j.micpath.2020.103966. [PubMed] [CrossRef] [Google Scholar]

Lau C.H.-F., van Engelen K., Gordon S., Renaud J., Topp E. Novel antibiotic resistance determinants from
agricultural soil exposed to antibiotics widely used in human medicine and animal farming. Appl. Environ.
Microbiol. 2017;83:e00989-17. doi: 10.1128/AEM.00989-17. [PMC free article] [PubMed]
[CrossRef] [Google Scholar]

Tiwari K., Gupta R.K. Rare actinomycetes: A potential storehouse for novel antibiotics. Crit. Rev.
Biotechnol. 2012;32:108-132. doi: 10.3109/07388551.2011.562482. [PubMed] [CrossRef] [Google Scholar]
Ali F., Niaz Z., Shah P.T., Shakeela Q., Uzma B., Ahmed S. Antibiogram of ESBL and MBL producing
Pseudomonas aeruginosa among the population of Hazara division, KPK, Pakistan.J. Pak. Med.
Assoc. 2020;70:1979-1984. doi: 10.5455/JPMA.19089. [PubMed] [CrossRef] [Google Scholar]

Perez F., Van Duin D. Carbapenem-resistant Enterobacteriaceae: A menace to our most vulnerable
patients. Clevel. Clin. J. Med. 2013;80:225-233. doi: 10.3949/ccjm.80a.12182. [PMC free article] [PubMed]
[CrossRef] [Google Scholar]

Ali F., Kamal S., Shakeela Q., Ahmed S. Extended-spectrum and Metallo-beta lactamase enzymes mediated
resistance in Pseudomonas aeruginosa in clinically isolated specimens. Kuwait J. Sci. 2021;48:1-9.
doi: 10.48129/Kjs.v48i2.8495. [CrossRef] [Google Scholar]

Sagib S., Munis M.F.H., Zaman W., Ullah F., Shah S.N., Ayaz A., Farooq M., Bahadur S. Synthesis,
characterization and wuse of iron oxide nano particles for antibacterial activity. Microsc. Res.
Tech. 2019;82:415-420. doi: 10.1002/jemt.23182. [PubMed] [CrossRef] [Google Scholar]

Mowafy El, Attia M, Shaaban MT, Turky AS, Awad NM. Ecological studies on microorganisms producing
antimicrobial agents from different soil types. Res J Pharm Biol Chem Sci. 2015; 6(5): 1020-30.

Wohlleben W, Mast Y, Stegmann E, Ziemert N. Antibiotic drug discovery. Microb Biotechnol. 2016; 9(5):
541-8.

Ventola CL. The antibiotic resistance crisis: part 1: causes and threats. P T. 2015; 40(4): 277-83.

Nasfi Z, Busch H, Kehraus S, Linares-Otoya L, Konig GM, Schaberle TF et al. Soil bacteria isolated from
Tunisian arid areas show promising antimicrobial activities against gram-negatives. Front Microbiol. 2018; 9:
2742.

Frieri M, Kumar K, Boutin A. Antibiotic resistance. J Infect Public Health. 2017; 10(4): 369-378.
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(6): 426-
35.

Marshall BM, Levy SB. Food animals and antimicrobials: impacts on human health. Clin Microbiol Rev. 2011;
24(4): 718-33.

https://museonaturalistico.it 1103



https://museonaturalistico.it/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7765179/
https://pubmed.ncbi.nlm.nih.gov/33333787
https://doi.org/10.3390%2Fbiology9120469
https://scholar.google.com/scholar_lookup?journal=Biology&title=Evaluation+of+metal+tolerance+of+fungal+strains+isolated+from+contaminated+mining+soil+of+Nanjing,+China&author=F.+Liaquat&author=M.F.H.+Munis&author=U.+Haroon&author=S.+Arif&author=S.+Saqib&volume=9&publication_year=2020&pages=469&doi=10.3390/biology9120469&
https://scholar.google.com/scholar_lookup?journal=Biology&title=Evaluation+of+metal+tolerance+of+fungal+strains+isolated+from+contaminated+mining+soil+of+Nanjing,+China&author=F.+Liaquat&author=M.F.H.+Munis&author=U.+Haroon&author=S.+Arif&author=S.+Saqib&volume=9&publication_year=2020&pages=469&doi=10.3390/biology9120469&
https://scholar.google.com/scholar_lookup?journal=Int.+J.+Curr.+Microbiol.+Appl.+Sci.&title=Isolation+of+antimicrobial+producing+bacteria+from+soil+samples+collected+from+Bhopal+Region+of+Madhya+Pradesh,+India&author=A.+Mashoria&author=H.+Lovewanshi&author=B.S.+Rajawat&volume=3&publication_year=2014&pages=563-569&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7094699/
https://pubmed.ncbi.nlm.nih.gov/19132062
https://doi.org/10.1038%2Fja.2008.16
https://scholar.google.com/scholar_lookup?journal=J.+Antibiot.&title=Microbial+drug+discovery:+80+years+of+progress&author=A.L.+Demain&author=S.+Sanchez&volume=62&publication_year=2009&pages=5-16&doi=10.1038/ja.2008.16&
https://scholar.google.com/scholar_lookup?journal=Eur.+J.+Exp.+Biol.&title=Antimicrobial+producing+microbes+isolated+from+soil+samples+collected+from+Nanga+Merit+Forest+in+Sarawak,+Malaysian+Borneo&author=S.+Lihan&author=C.S.+Lin&author=I.+Ahmad&author=F.M.+Sinang&author=N.K.+Hua&volume=4&publication_year=2014&pages=494-501&
https://pubmed.ncbi.nlm.nih.gov/29438542
https://doi.org/10.1093%2Fjac%2Fdky019
https://scholar.google.com/scholar_lookup?journal=J.+Antimicrob.+Chemother.&title=Discovery+and+development+of+new+antibacterial+drugs:+Learning+from+experience?&author=N.+Jackson&author=L.+Czaplewski&author=L.J.+Piddock&volume=73&publication_year=2018&pages=1452-1459&pmid=29438542&doi=10.1093/jac/dky019&
https://pubmed.ncbi.nlm.nih.gov/27622298
https://doi.org/10.1021%2Fid500052s
https://scholar.google.com/scholar_lookup?journal=ACS+Infect.+Dis.&title=Solving+the+antibiotic+crisis&author=G.D.+Wright&volume=1&publication_year=2015&pages=80-84&pmid=27622298&doi=10.1021/id500052s&
https://pubmed.ncbi.nlm.nih.gov/31911192
https://doi.org/10.1016%2Fj.micpath.2020.103966
https://scholar.google.com/scholar_lookup?journal=Microb.+Pathog.&title=Characterization+and+phytostimulatory+activity+of+bacteria+isolated+from+tomato+(Lycopersicon+esculentum+Mill.)+rhizosphere&author=A.+Sunera&author=S.+Saqib&author=S.+Uddin&author=W.+Zaman&author=F.+Ullah&volume=140&publication_year=2020&pages=103966&pmid=31911192&doi=10.1016/j.micpath.2020.103966&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5541214/
https://pubmed.ncbi.nlm.nih.gov/28625995
https://doi.org/10.1128%2FAEM.00989-17
https://scholar.google.com/scholar_lookup?journal=Appl.+Environ.+Microbiol.&title=Novel+antibiotic+resistance+determinants+from+agricultural+soil+exposed+to+antibiotics+widely+used+in+human+medicine+and+animal+farming&author=C.H.-F.+Lau&author=K.+van+Engelen&author=S.+Gordon&author=J.+Renaud&author=E.+Topp&volume=83&publication_year=2017&pages=e00989-17&pmid=28625995&doi=10.1128/AEM.00989-17&
https://pubmed.ncbi.nlm.nih.gov/21619453
https://doi.org/10.3109%2F07388551.2011.562482
https://scholar.google.com/scholar_lookup?journal=Crit.+Rev.+Biotechnol.&title=Rare+actinomycetes:+A+potential+storehouse+for+novel+antibiotics&author=K.+Tiwari&author=R.K.+Gupta&volume=32&publication_year=2012&pages=108-132&pmid=21619453&doi=10.3109/07388551.2011.562482&
https://pubmed.ncbi.nlm.nih.gov/33341844
https://doi.org/10.5455%2FJPMA.19089
https://scholar.google.com/scholar_lookup?journal=J.+Pak.+Med.+Assoc.&title=Antibiogram+of+ESBL+and+MBL+producing+Pseudomonas+aeruginosa+among+the+population+of+Hazara+division,+KPK,+Pakistan&author=F.+Ali&author=Z.+Niaz&author=P.T.+Shah&author=Q.+Shakeela&author=B.+Uzma&volume=70&publication_year=2020&pages=1979-1984&pmid=33341844&doi=10.5455/JPMA.19089&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3960994/
https://pubmed.ncbi.nlm.nih.gov/23547093
https://doi.org/10.3949%2Fccjm.80a.12182
https://scholar.google.com/scholar_lookup?journal=Clevel.+Clin.+J.+Med.&title=Carbapenem-resistant+Enterobacteriaceae:+A+menace+to+our+most+vulnerable+patients&author=F.+Perez&author=D.+Van+Duin&volume=80&publication_year=2013&pages=225-233&doi=10.3949/ccjm.80a.12182&
https://doi.org/10.48129%2Fkjs.v48i2.8495
https://scholar.google.com/scholar_lookup?journal=Kuwait+J.+Sci.&title=Extended-spectrum+and+Metallo-beta+lactamase+enzymes+mediated+resistance+in+Pseudomonas+aeruginosa+in+clinically+isolated+specimens&author=F.+Ali&author=S.+Kamal&author=Q.+Shakeela&author=S.+Ahmed&volume=48&publication_year=2021&pages=1-9&doi=10.48129/kjs.v48i2.8495&
https://pubmed.ncbi.nlm.nih.gov/30565799
https://doi.org/10.1002%2Fjemt.23182
https://scholar.google.com/scholar_lookup?journal=Microsc.+Res.+Tech.&title=Synthesis,+characterization+and+use+of+iron+oxide+nano+particles+for+antibacterial+activity&author=S.+Saqib&author=M.F.H.+Munis&author=W.+Zaman&author=F.+Ullah&author=S.N.+Shah&volume=82&publication_year=2019&pages=415-420&pmid=30565799&doi=10.1002/jemt.23182&

NATURALISTA CAMPANO
ISSN: 1827-7160
Volume 28 Issue 1, 2024

48.

49.

50.

Sl

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Yunus FN, Khalid ZZ, Rashid F, Ashraf A, Igbal MN, Hussain F. Isolation and Screening of Antibiotic
producing Bacteria from soil in Lahore City. PSM Microbiology. 2016; 1(1): 01-04

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(4): 143-150.
Cavalcanti, Maria AQO, Luciana GF, Maria JL, Débora M. Filamentous fungi isolated from soil in districts of
the Xingd region, Brazil. Acta Botanica Brasilica. 2006; 20: 831-837.

Parvathi A, Krishna K, Jose J, Joseph N, Nair S. Biochemical and molecular characterization of Bacillus
pumilus isolated from coastal environment in Cochin, India. Braz J Microbiol. 2009; 40(2): 269-75.

Kumar S, Stecher G, Tamura K. MEGA7: Molecular evolutionary genetics analysis version 7.0 for bigger
datasets. Mol Biol Evol. 2016; 33(7): 1870-4.

Nike AR, Hassan SA, Ajijolakewu AFB. Soil screening for antibiotic — producing microorganisms. Adv
Environ Biol. 2013; 7(1): 7-11.

Wadetwar RN, Patil AT. Isolation and characterization of bioactive Actinomycetes from soil in and around
Nagpur. Int J Pharm Sci Res. 2013; 4: 1428-1433.

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: 312-315.

Gislin D, Sudarsanam D, Antony Raj G, Baskar K. Antibacterial activity of soil bacteria isolated from
Kochi, India and their molecular identification. J Genet Eng Biotechnol. 2018; 16(2): 287-294.

Constancias F, Terrat S, Saby NP, Horrigue W, Villerd J, Guillemin JP et al. Mapping and determinism of
soil microbial community distribution across an agricultural landscape. Microbiologyopen. 2015; 4(3): 505-

17.

Diddi K, Chaudhry R, Sharma N, Dhawan B. Strategy for identification & characterization of Bartonella
henselae with conventional & molecular methods. Indian J Med Res. 2013; 137(2): 380-7.

Yoshida S, Hiradate S., Tsukamoto T, Hatakeda K, Shirata A. Antimicrobial activity of culture filtrate of
Pseudomonas amyloliquefaciens RC-2 isolated from Mulberry leaves. Phytopathology. 2001; 91(2): 181-

7.

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(4): 181-7.
Montealegre MC, Roy S, Boni F, Hossain MI, Navab- Daneshmand T, Caduff L et al. Risk factors for
detection, survival, and growth of antibiotic-resistant and pathogenic Escherichia coli in household soils in
rural India. Appl Environ Microbiol. 2018; 84(24): e01978-18.

Lau SKP, Teng JLL, Ho CC, Woo PCY. Gene amplification and sequencing for bacterial identification.
Methods in Microbiology. 2015; 42: 433-464.

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(1): 169-173.

Abbas S, Senthilkumar R, Arjunan S. Isolation and molecular characterization of microorganisms
producing novel antibiotics from soil sample. Eur J Experiment Biol. 2014; 4(5): 149-155.

Miljkovic M., Jovanovic S., O’Connor P.M., Mirkovic N., Jovcic B., Filipic B., Dinic M., Studholme D.J., Fira
D., Cotter P.D. Brevibacillus laterosporus strains BGSP7, BGSP9 and BGSP11 isolated from silage produce
broad spectrum multi-antimicrobials. PL0oS ONE. 2019;14:€0216773.
doi: 10.1371/journal.pone.0216773. [PMC free article] [PubMed] [CrossRef] [Google Scholar]

Ramya S., Shanmugasundaram T., Balagurunathan R. Actinobacterial enzyme mediated synthesis of selenium
nanoparticles for antibacterial, mosquito larvicidal and anthelminthic applications. Part.  Sci.
Technol. 2020;38:63-72. doi: 10.1080/02726351.2018.1508098. [CrossRef] [Google Scholar]

Ghadbane M., Harzallah D., Laribi A.l., Jaouadi B., Belhadj H. Purification and biochemical characterization
of a highly thermostable bacteriocin isolated from Brevibacillus brevis strain GM100. Biosci. Biotechnol.
Biochem. 2013;77:151-160. doi: 10.1271/bbb.120681. [PubMed] [CrossRef] [Google Scholar]

Saleem F., Ahmad S., Yaqoob Z., Rasool S.A. Comparative study of two bacteriocins produced by
representative indigenous soil bacteria. Pak. J. Pharm. Sci. 2009;22:252—-258. [PubMed] [Google Scholar]
Kim D.-S., Bae C.-Y., Jeon J.-J., Chun S.-J, Oh HW., Hong S.G., Baek K.-S., Moon E.Y., Bae
K.S. Paenibacillus elgii sp. nov., with broad antimicrobial activity. Int. J. Syst. Evol. Microbiol. 2004;54:2031—
2035. doi: 10.1099/ijs.0.02414-0. [PubMed] [CrossRef] [Google Scholar]

https://museonaturalistico.it 1104



https://museonaturalistico.it/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6510442/
https://pubmed.ncbi.nlm.nih.gov/31075157
https://doi.org/10.1371%2Fjournal.pone.0216773
https://scholar.google.com/scholar_lookup?journal=PLoS+ONE&title=Brevibacillus+laterosporus+strains+BGSP7,+BGSP9+and+BGSP11+isolated+from+silage+produce+broad+spectrum+multi-antimicrobials&author=M.+Miljkovic&author=S.+Jovanovic&author=P.M.+O%E2%80%99Connor&author=N.+Mirkovic&author=B.+Jovcic&volume=14&publication_year=2019&pages=e0216773&pmid=31075157&doi=10.1371/journal.pone.0216773&
https://doi.org/10.1080%2F02726351.2018.1508098
https://scholar.google.com/scholar_lookup?journal=Part.+Sci.+Technol.&title=Actinobacterial+enzyme+mediated+synthesis+of+selenium+nanoparticles+for+antibacterial,+mosquito+larvicidal+and+anthelminthic+applications&author=S.+Ramya&author=T.+Shanmugasundaram&author=R.+Balagurunathan&volume=38&publication_year=2020&pages=63-72&doi=10.1080/02726351.2018.1508098&
https://pubmed.ncbi.nlm.nih.gov/23291759
https://doi.org/10.1271%2Fbbb.120681
https://scholar.google.com/scholar_lookup?journal=Biosci.+Biotechnol.+Biochem.&title=Purification+and+biochemical+characterization+of+a+highly+thermostable+bacteriocin+isolated+from+Brevibacillus+brevis+strain+GM100&author=M.+Ghadbane&author=D.+Harzallah&author=A.I.+Laribi&author=B.+Jaouadi&author=H.+Belhadj&volume=77&publication_year=2013&pages=151-160&pmid=23291759&doi=10.1271/bbb.120681&
https://pubmed.ncbi.nlm.nih.gov/19553169
https://scholar.google.com/scholar_lookup?journal=Pak.+J.+Pharm.+Sci.&title=Comparative+study+of+two+bacteriocins+produced+by+representative+indigenous+soil+bacteria&author=F.+Saleem&author=S.+Ahmad&author=Z.+Yaqoob&author=S.A.+Rasool&volume=22&publication_year=2009&pages=252-258&pmid=19553169&
https://pubmed.ncbi.nlm.nih.gov/15545429
https://doi.org/10.1099%2Fijs.0.02414-0
https://scholar.google.com/scholar_lookup?journal=Int.+J.+Syst.+Evol.+Microbiol.&title=Paenibacillus+elgii+sp.+nov.,+with+broad+antimicrobial+activity&author=D.-S.+Kim&author=C.-Y.+Bae&author=J.-J.+Jeon&author=S.-J.+Chun&author=H.W.+Oh&volume=54&publication_year=2004&pages=2031-2035&pmid=15545429&doi=10.1099/ijs.0.02414-0&

NATURALISTA CAMPANO
ISSN: 1827-7160
Volume 28 Issue 1, 2024

70.  Yinusa Il., George N.I., Shuaibu U.O., Ayo R. Bioactivity of stigmasterol isolated from the aerial part of
Spillanthes acmella (Murr) on selected microorganism. Int. J. Curr. Microbiol. Appl. Sci. 2014;3:475—

479. [Google Scholar]

71. Phuong T.V., Han P.N., Diep C.N. Bioactive compounds from marine bacterium Bacillus subtilis strain HD16b
by gas chromatography-mass spectrometry. Pharm. Chem. J. 2018;5:110-118. [Google Scholar]

https://museonaturalistico.it 1105



https://museonaturalistico.it/
https://scholar.google.com/scholar_lookup?journal=Int.+J.+Curr.+Microbiol.+Appl.+Sci.&title=Bioactivity+of+stigmasterol+isolated+from+the+aerial+part+of+Spillanthes+acmella+(Murr)+on+selected+microorganism&author=I.+Yinusa&author=N.I.+George&author=U.O.+Shuaibu&author=R.+Ayo&volume=3&publication_year=2014&pages=475-479&
https://scholar.google.com/scholar_lookup?journal=Pharm.+Chem.+J.&title=Bioactive+compounds+from+marine+bacterium+Bacillus+subtilis+strain+HD16b+by+gas+chromatography-mass+spectrometry&author=T.V.+Phuong&author=P.N.+Han&author=C.N.+Diep&volume=5&publication_year=2018&pages=110-118&

