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1. Introduction

ABSTRACT

Objective: To isolate and identify Bacillus subtilis (B. subtilis) from soil and to characterize and
partially purify the bacteriocin. To evaluate the antimicrobial activity against four diabetic foot
ulcer bacterial pathogens.

Methods: Genotypic identification was done based on Bergey’s manual of systemic bacteriology.
Antimicrobial susceptibility test was done by Kirby—Bauer disc diffusion method. Colonies were
identified by colony morphology and biochemical characterization and also compared with
MTCC 121 strain. Further identification was done by 16S rRNA sequencing. Inhibitory activities
of partially purified bacteriocin on all the DFU isolates were done by agar well diffusion method.
The strain was identified to produce bacteriocin by stab overlay assay. Bacteriocin was extracted
by organic solvent extraction using chloroform, further purified by HPLC and physical, and
chemical characterization was performed.

Results: The four isolates showed high level of resistance to amoxyclav and sensitivity to
ciprofloxacin. HPLC purification revealed that the extracts are bacteriocin. The phylogenetic
tree analysis results showed that the isolate was 99¢, related to B. subtilis BSFO1. The results
reveled activity to all the four isolates and high level of activity was seen in case of Klebsiella sp.
Conclusions: Partially purified bacteriocin was found to have antimicrobial activity against the
four diabetic foot ulcer bacterial pathogens, which can thus be applied as a better drug molecule
on further studies. The strain B. subtilis are found to be safe for use and these antimicrobial
peptides can be used as an antimicrobial in humans to treat DFU bacterial pathogens.
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and infection being further complicating factors that
prevent or delay ulcer healingl2l. Most often these ulcers

Diabetic patients who develop foot ulcers are at more risk
of dying prematurely than those without the complication.
Those patients with foot ulcers and diabetes showed more
cardiovascular risk factors, such as high blood pressure,
and were more likely to die from cardiovascular causes.
Approximately half of the additional mortalities were
due to cardiovascular disease, such as heart attack or
strokell]l. Mostly these diabetes related foot ulcers occur
in the presence of peripheral sensory neuropathy, foot
deformity and/or trauma, with peripheral arterial disease

are polymicrobial. Both gram positive and gram negative
organisms are seen. Several gram positive bacterias such
as Staphylococcus aureus, Staphylococcus epidermidis,
Streptococcus sp., Enterococcus sp. (mostly Enterococcus
Jfaecalis) and Corynebacterium sp. inhabitate gram negative
bacteria that account for DFU are Proteus sp., Pseudomonas
sp., Enterobacteriaceae such as E. coli, Klebsiella,
Citrobacter and Enterobacteri34]. To date, no topical anti—
infective agent has been proven to be effective for treating
DFTI51.
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Bacteriocins are unique and assorted group of molecules
produced by living organisms of all types and considered
to be part of the host innate immunityl6l. Thus they are
promising candidates for the treatment of various skin
infectionsl5l. Ribosomally synthesized antimicrobial
polypeptides, bacteriocins are usually inhibitory only
to strains closely related to the producing bacteria.
Bacteriocins from gram positive bacteria are often
membrane—permeabilizing cationic peptides with fewer
than 60 amino acid residues(7.8l. Clinical antimicrobial
used of RAMPs is because they are active against
antibiotic resistant isolates and have limited natural
bacterial resistance, which are proven to kill bacteria in
animal model etcl9. Bacteriocins are of different groups.
Small peptides that undergo extensive post—translational
modification to produce the active peptides example
nisin are grouped as Class I bacteriocins. Heat stable, low
molecular weight, membrane active peptides are grouped
as Class 1T bacteriocins. Members of Class IIT are large heat
labile proteins, and a fourth class (complex bacteriocin)
has also been suggested, requiring nonprotein moieties for
activity.

Bacteriocins produced by gram positive bacteria have
been largely studied and also biochemically and genetically
characterized. Bacteriocin activity is very specific. Due
to difference in cell wall composition, the activity spectra
by gram positive bacteria is wider when compare to gram
negative bacteriallol. The genus Bacillus encompasses a
number of bacteriocinogenic species, such as Bacillus
subtilis (B. subtilis) which produces subtilin and subtilosin,
Bacillus coagulans which produces coagulin and Bacillus
megatirium which produces megacin. Bacillus thuringiensis
is widely used in agriculture for the control of many
insect pathogens(!l]. Because of the safety use in humans,
probiotic strain B. subtilis is of great interest/12]. Tt is found
that subtilin and subtilosin from B. subtilis are active
against many strains of gram positive bacteria and these
are the only bacteriocins of Bacillus sp. to be characterized
at the amino acid and DNA sequence level13l. The present
study was designed to isolate and identify B. subtilis from
soil and to characterize and partially purify the bacteriocin.

2. Materials and methods

2.1. Isolation and identification of diabetic foot ulcer
bacterial pathogens

Wound swabs of diabetic foot ulcer patients were
collected from Ideal Clinic, Coimbatore and were
processed by standard microbiological analysis. Genotypic
identification was done based on Bergey’s manual of
systemic bacteriology.

2.2. Antimicrobial susceptibility testing
To analyze the antibiogram of the isolates, antimicrobial

susceptibility test was done by Kirby—Bauer disc diffusion
method. The antibiotic discs that are currently used in
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diabetic foot ulcer treatment were used, amoxyclave 30 ug,
ceftriaxone 30 ug, ceftazidime 30 pg, cephalothin 30 pg,
ampicillin 25 pg, co—trimoxazole 25 pg, ciprofloxacin 30 pg,
chloramphenicol 30 ug, gentamycin 30 pg and Amikacin

ug.

2.3. Isolation of Bacillus from soil

Approximately 1 g of soil sample collected was placed
in 5 mL distilled water and vortexed vigorously to dissolve
the particles. The soil sample was boiled for 10 min in
water bath and allowed to cool. Ten—fold, one hundred—
fold and one thousand—fold dilution of the re—suspended
soil samples were made and 0.1 mL from each sample
including the undiluted solution was plated on nutrient
agar plates. The plates were incubated overnight at 37 °Cl11].
After incubation, the colonies were identified by colony
morphology and biochemical characterization and also
compared with MTCC 121 strain.

2.4. Identification and confirmation of bacterial strain

Further identification was done by 16S rRNA sequencing.
PCR was used to amplify the 16S ribosomal DNA and was
determined by direct sequencing. Total DNA was isolated
by using SoluteReady® genomic DNA purification kit.
Agarose gel (2%) were used to isolate 16S rRNA. 16S rRNA
was separated by gel electrophoresis on gel made with 29
acrylamide and bis—acrylamide. The confirmed strain was
then screened for bacteriocin production.

2.5. Detection of the strain to produce bacteriocin

2.5.1. Stab overlay assay

The 24 h culture of B. subtilis was stabbed on nutrient agar
plate and incubated at 37 °C for 24 h. After incubation, the
colonies on the stabbed area were scrapped and the plate
was exposed to chloroform vapors for 15 min. Then soft agar
was prepared and 24 h old indicator organism (Micrococcus
luteus) was added and vortexed and was poured on stabbed
plate and incubated for 24 h at 37 °C. After incubation,
plates were examined for zone of inhibition around the
stabbed areal12l.

2.6. Bacteriocin extraction and purification

Nutrient broth was seeded with B. subtilis and incubated
at 37 °C at 150 r/min for 24 h. The sample was centrifuged at
10 000 1/min for 20 min, and the supernatant was collected.
The culture supernatant (100 mI) was stirred vigorously with
chloroform (100 mI) and transferred in a separating funnel.
The interface layer between the aqueous and organic phase,
which contain bacteriocin was harvested, and the residual
chloroform was eliminated by speed vacuumi!4l.

2.7. Purification by HPLC

The purification of the bacteriocin was carried out by
using HPLC. This analytical technique has been shown
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to be extremely valuable for the analysis of these peptide
antibiotics, since peptide antibiotics are generally resistant
to different organic solvents used as mobile phase and
the high pressure employed through the chromatographic
process. Here, the chromatographic process was carried
with C18 column. The mobile phase was water/trifluoroacetic
acid as eluent A and acetonitril/trifluoroacetic acid as
eluent B. The flow rate was 1 mL/min. The peaks were
measured by UV-photo diode array detector.

2.8. Sensitivity to temperature, pH and enzymes

To determine the effect of temperature on bacteriocin
activity, aliquots of partially purified bacteriocin were
incubated at various temperatures (40, 60, 80 and 100 °C) for
30 min. The residual bacteriocin activity was determined by
agar well diffusion method.

Effect of pH on bacteriocin was determined by adjusting
the pH of the partially purified bacteriocin with diluting
HCI and NaOH as 3.0, 4.0, 9.0 and 10.0 and incubated for 2 h
at 37 °C, and all samples were then readjusted to neutral pH
and then tested for antimicrobial activity.

For enzyme stability, partially purified bacteriocin
was treated for 2 h with enzyme lysozyme at a final
concentration of 1 mg/mL. Bacteriocin activity was analyzed
by agar well diffusion method against indicator organism. In
all the three cases, untreated partially purified bacteriocin
served as control.

2.9. Molecular weight determination by SDS—-PAGE

The molecular weight of the isolated bacteriocin was
identified by performing SDS—PAGE using 129 gel.
Following electrophoresis which was conducted at 50 V for
40 min, the gel was stained with coomassic brilliant blue.

2.10. Antimicrobial activity of partially purified bacteriocin
on DFU bacterial isolates

Inhibitory activities of partially purified bacteriocin on all
the DFU isolates were done by agar well diffusion method.
3. Results
3.1. Isolation and identification of DFU bacterial pathogen

Most of the samples processed were polymicrobial
on standard microbiological analysis. The organisms

were identified as Pseudomonas sp., Staphylococcus sp.,
Klebsiella sp. and Proteus sp.

Table 1

Accession description.
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3.2. Antimicrobial susceptibility testing

The four isolates showed high level of resistance to
amoxyclave and sensitivity to ciprofloxacin.

3.3. Isolation and confirmation of B. subtilis

B. subtilis was isolated from soil. The strain was
identified by morphological biochemical, and species level
identification which was done by 168 r RNA sequencing.
The sequence length was found to be 34, 5GCC CAA CTA AAT
GAT GGC AAC TAA AAT CAA GGG T3'. The phylogenetic tree
analysis results showed that the isolate was 999 related to
B. subtilis BSFO1 (Figure 1, 2 and Table 1).

Color key for alignment scores
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Figure 1. BLAST hits on the query sequence for B. subtilis.
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Figure 2. BLAS tree for B. subtilis.

3.4. Screening of the isolate for bacteriocin production

The ability to the isolate for bacteriocin production by
stab overlay assay used Micrococcus luteus as the indicator
organism. It exhibited antibacterial activity producing a clear
zone of inhibition around the indicator strain (Figure 3).

3.5. Bacteriocin production and purification

Bacteriocin production was carried out in nutrient broth at
37 °C and incubated for 24 h. The sample was centrifuged and
the supernatant was collected and mixed with chloroform for
the extraction of bacteriocin in a separating funnel and mixed
well for 30 min. The intermediate layer was collected and
further purification was done by HPLC. The peaks revealed
that the extracts are bacteriocin. The peaks obtained had a
height of 139619 and 19797 with R, values of 2.082 and 112.486

Accession number Organism Maximum score Total score Query coverageq,  E value  Maximum identity
JF706263.1 B. subtilis strain BSFOI 67.9 67.9 100 2e—12 100
HM133949.1 B. subtilis strain BGSm254 60.0 60.0 100 5e—10 97
IN215487.1 B. subtilis strain MB 2 60.0 60.0 100 5e=10 97
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respectively.

Figure 3. Stab overlay assay plate showed a clear zone of inhibition of

indicator strain.
3.6. Effect of various temperature, pH and enzymes

The effect of various temperatures on partially purified
bacteriocin was investigated. Bacteriocin activity was not
affected in all temperature ranging from 40-100 °C. pH
stability was observed in both acidic and basic pH. High
level of activity was seen in acidic pH. On treatment of
partially purified bacteriocin with lysozyme, it showed
reduced level of activity (Table 1).

3.7. Molecular weight determination

The molecular weight of the isolated bacteriocin was
analyzed by 129 SDS-PAGE with bovine serum albumin
as protein marker. The band revealed the molecular
weight of the isolated bacteriocin got on comparison with
the standard protein marker to be 6.4 kDa.

3.8. Antimicrobial activity of partially purified bacteriocin
on DFU bacterial pathogens

To determine the antimicrobial activity of partially
purified bacteriocin, agar well diffusion method was
adopted and the results revealed activity to all the
four isolates. High level of activity was seen in case of
Klebsiella sp. (Figure 4).

Figure 4. Antimicrobial activity of partially purified bacteriocin against

Klebstella sp.

4. Discussion
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Multifactorial process is involved in diabetic foot
ulceration. The factors are neuropathy, abnormal
foot biomechanics and peripheral arterial disease.
Infection occurs following the traumatic injury with
introduction of bacteria. The diabetic ulcer infections
are polymicrobial, harboring anaerobic organisms
synergistically with aerobes. In superficial wounds,
aerobic bacterias are predominant pathogens. Anaerobic
organisms are found in deeper wounds. Failure to
recognize and control of the infectious process may have
devastating consequences, such as limb amputation,
sepsis and mortalityl15].

Multidrug resistant organisms were common in
hospitalized patients with diabetic foot ulcers. High
level of resistance was seen with normally used
antibiotics like oxacillin, vancomycin. Imipenem,
piperacillin/tazobactam and cefoperazone/sulbactam
were the agents which were most effective against gram
negative organisms. While vancomycin was effective
against the gram positive organisms. Infection with
these organisms may limit the choice of the antibiotic
treatment and lead to worse outcomesl16l. In the present
study, polymicrobial nature of the DFU was evident
and they were also found to be multidrug resistant.
Since there is an increasing rate of multidrug resistant
organisms, there is a need for continuous surveillance to
provide the basis of the empirical therapy and to reduce
the risk of the complications.

Bacteriocins are bacterially produced peptides that
are active against other bacteria and against which
the producer has a specific immunity mechanism.
They are produced by all major lineages of bacteria
and archaea, and constitute heterogeneous group
of peptides with respect to size, structure, mode of
action, antimicrobial potency, immunity mechanisms
and target cell receptors. Bacteriocins may function
as colonizing peptides, facilitating the introduction
and/or dominance of a producer into an already
occupied niche. Alternatively, bacteriocins may act as
antimicrobial or killing peptides, directly inhibiting
competing strains or pathogens. Lastly, bacteriocins may
function as signaling peptides, either signaling other
bacteria through quorum sensing and bacterial cross
talk within microbial communities or signaling cells of
the host immune systeml(17l. In recent years, groups of
antibacterial protein produced by gram positive bacteria
have attracted great interest in their potential use as
food preservativellsl. In the present study, B. subtilis was
the organism of interest.

Bacillus which is a soil inhabitant bacterium is found
to have the ability to produce several antimicrobial
compounds, which were also found to be safe to use.
In the present study, Bacillus was isolated from soil
and was confirmed as B. subtilis by 16 S TRNA which
serves as an effective tool in genotypic identification of
organisms. The screening for bacteriocin production was
done by stab overlay assay. B. subtilis was outstanding in
the genus Bacillus with regards to its potential to produce
so many different antibioticsl19l. High antibacterial
activity of the solvent extracted bacteriocin was seen in
the study by applied chloroform extraction to recover
lacidin, pediocin, nisin, bacilli and subtilin. On analyzing
the phSlCO chemical charactenzatlon the partially purified
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bacteriocin showed a wide range of activity towards various
temperature, pH, enzymes and chemicals. The partially
purified bacteriocin showed antimicrobial activity towards
all the bacterial isolates where a high level of activity
was found against Klebsiella sp. a capsulated bacteria.
This proves that the bacteriocin from B. subtilis have high
antimicrobial activity.

The findings of the present study lead us to conclude that
the bacteriocin producing Bacillus strains could easily be
isolated from soil. The bacteriocin activity of the isolate
has been made clear with stab overlay assay. Production
of bacteriocin was done in nutrient broth and extraction of
bacteriocin was well achieved by using chloroform as the
organic solvent. Since bacteriocin and the strain B. subtilis
are found to be safe for use, these antimicrobial peptides
can be used as an antimicrobial in humans to treat DFU
bacterial pathogens.
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to control bacterial pathogen. This compound is very specific
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The present paper aimed the discovery a new bacteriocin.
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manuscript.

Related reports
The results are not clear, being impossible related it with
other reposts. The discussion is very poor too.

Innovations and breakthroughs
The new bacteriocin should be very well applied to control
bacterial pathogen that are described as antibiotic resistant.

Applications
Control of bacterial human pathogen.
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The research is important to medical control of ulcer disease,
being alternative to control antibiotic resistant bacterial
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