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ABSTRACT

Objective: The aim of this paper is to assessment on antimicrobial properties of surfactin from Bacillus subtilis on protoplasts and spheroplasts of

pathogenic bacteria.

Methods: Bacillus sp were isolated from the polluted soil samples and these isolates were screened for biosurfactin activity using haemolytic activity.
The biosurfactant was also studied for their antibiotic activity and the minimum inhibitory concentration was determined by testing the effect of
surfactin on the pathogenic microorganisms. The lytic activity of surfactant was also tested on the protoplasts and spheroplasts of the pathogens.

Results: The formation of a clear zone around the colonies and the lysis of erythrocytes shows the antimicrobial and lytic activity of biosurfactants.

Conclusion: The results of the current study reveal that surfactin from B. subtilis possesses significant antimicrobial and lytic activity.
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INTRODUCTION

Pollution caused by crude oil and its products is the most ubiquitous
crisis in the environment [1, 2]. A variety of physical, chemical and
biological techniques are used to trim down its negative force on
human health, flora and fauna. Bioaugmentation, one of the most
resourceful biological techniques, is based on remediation of the
unhygienic environment by adding of hydrocarbon degrading
microorganisms [3]. Alas, biodegradation of hydrocarbons often is
restricted by bioavailability which is connected with their deprived
solubility in water and sorption to soil particles. Thus, to boost
hydrocarbon  bioavailability, synthetic surfactants and
biosurfactants are used [4, 5]. Biosurfactants have quite a lot of
advantages over synthetic surfactants: superior biodegradability,
lesser toxicity, high specificity and efficacy at the extreme
temperature and pH values [3, 6]. The biosurfactants producing
microbes are distributed amid a wide variety of genera. For
illustration, bacteria that belong to such genera as Bacillus,
Pseudomonas, Sphingomonas, Rhodococcus and Arthrobacter [7-12]
and yeasts belonging to genera Candida and Yarrowia [13] have
been reported to produce surface active compounds.
Microorganisms produce the surface active compounds either
extracellularly, or these compounds are attached to microbial cells
[6, 14]. In general, their structure includes hydrophilic and
hydrophobic moieties. The major classes of biosurfactants include
glycolipids (rhamnolipids, trehalolipids, sophrolipids), lipopeptides
and lipoproteins, fatty acids, phospholipids, neutral lipids and
polymeric biosurfactants [3, 6]. Biosurfactants often are used in
processes of oil removal from contaminated sites and for
enhancement of hydrocarbon biodegradation [2, 4, 5]. In some cases,
not only biosurfactant itself but also biosurfactant-producing
microorganisms are applied for cleaning up of the polluted
hydrocarbon environment [15]. Recently, increasing attention has
been focused on the hydrocarbon degrading microorganisms with
biosurfactant-producing capability [9]. Since these microorganisms
are able to produce biosurfactants when grow on hydrocarbon
compounds presented in a polluted environment, they are highly
promising for bioremediation purposes.

Biosurfactants have gained more importance in the fields of enhanced oil
recovery, environmental bioremediation, food processing, and pharma-

ceuticals owing to their unique properties higher bio-degradability,
lower toxicity, and effectiveness at extremes of temperature, pH and
salinity. Biosurfactants can be produced by microbial fermentation
processes using cheaper agro-based substrates and waste materials. In
various industrial processes, they are potentially useful surface-active
agents for emulsion polymerization, wetting, foaming, phase dispersion,
emulsification and de-emulsification [16]. Biosurfactants are mainly
categorised mainly by their chemical composition and microbial
origin. Generally, their structures include a hydrophilic moiety
consisting of amino acids or peptides, mono-di or polysaccharides and
a hydrophobic moiety comprising unsaturated or saturate fatty acids.
Accordingly, the major classes of biosurfactants include glycolipids,
lipopeptides, lipoproteins, phospholipid, fatty acids, polymeric
biosurfactant and particulate Biosurfactants [17]. The most prevalent
bacterial hydrocarbon degraders and surfactant producers, belong to
the genera are Pseudomonas, Achromobacter, Flavobacterium,
Micrococcus, Bacillus, Arthrobacter, Klebsiella, Acinetobacter,
Aeromonas, Alkaligenes, Streptococcus sp, Corynebacterium sp,
Moraxella sp, and proteobacteria [18].

Among the different classes of biosurfactants, surfactin are best-studied
subtilin produced by Bacillus subtilis, a gram-positive, motile, rod-shaped
bacteria, capable of fermenting sugars like mannitol and glucose, etc.
Surfactin is cyclic lipopeptide commonly used as an antibiotic. Surfactin’s
structure consists of a peptide loop of seven amino acids (L-asparagine,
glycine, two L-leucine, L-valine, and two D-Leucins) and an hydrophobic
fatty acid chain thirteen to fifteen carbon long [19]. The present study
was carried out to determine the antimicrobial activity of the surfactin of
B. subtilis and its effect on protoplast and spheroplast of a pathogenic
microorganism.

MATERIALS AND METHODS
Chemicals and reagents

The chemicals and reagents required for the present study was
purchased from High media and were of analytical grade

Isolation of microorganism

1g of soil sample was collected from polluted sites (petrol bunks,
Trichy) and serially diluted for isolation. Different colonies were
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isolated and Bacillus species was identified by its colony morphology.
To confirm the culture the following parameters like a physiological
test, biochemical test and enzymatic test were observed.

Screening of biosurfactants using the following method
Haemolytic activity

Isolates were screened on blood agar plates containing 5% sheep
blood and incubated at 37 °C for 48 h. Hemolytic activity was
detected as the presence of clear zone around bacterial isolates [20].

Biosurfactant production [21]

Isolates were grown in 500 ml Erlenmeyer flasks containing 100 ml
mineral salt medium adjusted to PH 7.0 was used as culture medium.
The flasks were incubated at 37 °C on a shaker incubator for 7 d. To
isolate the biosurfactant, the bacteria were removed by

Centrifugation and the remaining supernatant liquid was filtered
through a 0.22 mm pore size filter (milipore). Biosurfactant was
obtained by adjusting the supernatant PH 2.0 using 6N Hcl and
keeping it at 4 °C overnight. The precipitate thus obtained was
pelleted by centrifugation for 20 min, dried and weighed. For further
purification, the crude surfactant was dissolved in distilled water at
PH 7.0 and dried at 60 °C. The dry product was extracted with
chloroform: methanol (65:15) filtered and the solvent evaporated.

Antibiotic activity of surfactin

The biosurfactant was also studied for their antibiotic activity. The effect
of surfactin on some microorganisms is detected by Kirby-Bauer disc
diffusion method. The medium (Muller-Hinton agar) was prepared and
poured into the sterile Petri plates aseptically. After solidification, the
microorganisms were inoculated on the medium by spreading the
inoculums of the medium with a sterile swab. Filter paper discs were
sterilized and impregnated with biosurfactant. Then the discs were
placed on the surface of the agar plate seeded with the test organisms.
Finally, the plates were incubated at 30 ° C for 24-48 h. The size of the
zone of inhibition caused by the diffusion of the agent into the agar is
directly related to the degree of susceptibility of gram positive and gram
negative bacteria to biosurfactant produced by Bacillus subtilis.

Concentration method

The antimicrobial activity of the surfactin was determined and the
minimum inhibitory concentration was determined by testing the
effect of surfactin on the pathogenic microorganisms. For 100 %
concentration, the extracted surfactin was used as such, and 25%
and 50% concentrations were prepared using distilled water. Then
the Muller-Hintan agar was prepared, and the discs impregnated
with various concentrations of surfactin were placed on the medium
seeded with the organism. The plates were incubated at 37 ° C for 24
to 48 h. the results were recorded and tabulated.

Isolation of protoplast

The protoplast was isolated from the gram-positive bacterial cell
culture. The bacterial pellet obtained after centrifugation is taken
out into a hypotonic sucrose solution which provides the osmotic
pressure to the fluid in the milieu, exterior so thast it exerts a gentle
osmotic gradient and thus prevents immediate vigorous lysis of the
protoplasts formed by the action of lysozyme.

Bacterial culture was grown in nutrient broth overnight and
centrifuged at 7000 rpm for 5 min and harvested. The harvested
pellet was taken into 1 ml hypotonic solution of 0.5 M sucrose
solution. Lysozyme at a concentration of 0.1 to 1 mg/ml was added
to this sucrose solution. It was kept for 30 min for digestion.
Lysozyme digestion can be carried out in the cold or at room
temperature. After digestion, protoplast formation was observed
under phase contrast microscope.

Isolation of spheroplast

The spheroplast was isolated from the gram negative bacterial cell
culture. Bacterial pellet collected after centrifugation were re-
suspended in sucrose solution and in Tris-acetate buffer. This provides
the osmotic pressure to the fluid in the milleu exterior so that it exerts
a gentle osmotic gradient and thus prevents immediate vigorous lysis
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of the spheroplast formed by the action of lysozyme and EDTA.
Lysozyme dissolves peptidoglycan exposed by the disruption of the
outer membrane surrounding the cell wall of the bacteria leading to
the formation of spheroplasts. In addition after lysozyme treatment,
the suspension was slowly diluted with EDTA which disrupts the outer
membrane and allows lysozyme to reach and degrade the rigid
mucopeptide layer so that the spheroplasts were formed.

Bacterial culture was grown in nutrient broth overnight and
centrifuged at 7000 rpm for 5 min and harvested. The harvested
pellets were resuspended in 1/10th of the cultures volume in 0.75
mmol Sucrose, in 10 mmol Tris-acetate buffer of pH 7.8. Lysozyme was
added to give the final concentration of 0.1 mg/ml and the suspension
was incubated in ice for 2 min. Now conversion of spheroplasts was
accompanied by the slow dilution of the suspension over a period of 3-
10 min by the addition of 2 volumes of 1.5 mmol EDTA. The
suspension was gently agitated during the dilution period, and
conversion to spheroplast was observed under phase contrast
microscope.

Effect of surfactin on protoplasts and spheroplasts

The protoplasts and spheroplasts were induced in the pathogens
and the effect of surfactin on them was tested. About 1 pl per ml of
surfactin was added, and the effect was determined.

The effect of surfactin on protoplasts and spheroplasts was tested on
broth medium by the following procedure. About 5 ml of the
medium was poured into each test tube (in about 12 test tubes) and
sterilised in an autoclave at 15 lb for 15 min. After cooling the
medium, the spheroplast was induced in E. coli, S. typhi and P.
aeuroginosa by adding 1 ml of 0.75 mmol Sucrose, 10 mmol EDTA
solution were added. The protoplasts were induced in S. aureus and
S. faecalis by adding 1 ml of 0.5M sucrose solution and lysozyme to
the medium. Along with that about 1 pl per ml of surfactin was
added to the medium for determining the lysing activity of surfactin
on protoplasts and spheroplasts.

RESULTS AND DISCUSSION

The bacterium was a gram positive rod shaped organism capable of
fermenting sugars like mannitol and glucose etc., The bacterium
isolated was Bacillus subtilis and confirmed with reference to
Bergey’s manual of determinative bacteriology. The surfactin
produced by Bacillus subtilis inhibits clot formation, lyses
erythrocytes, a bacterial spheroplast and protoplasts, etc., The
surfactin was produced in glucose mineral salt medium and
extracted by acid precipitation. The bacteria Blood agar method is
often used for a preliminary screening of microorganisms for the
ability to produce biosurfactants on hydrophilic media [22]. The
ability of the bacterium to produce biosurfactant was tested on
blood agar medium, and the clear zone formation around the
colonies shows the production of biosurfactant and lysis of
erythrocytes. The lysis of erythrocytes by surfactin was confirmed
by microscopic observation (Plate.1-3). This result correlates with
the findings of [23] and [24]. The effect of surfactin on various
pathogens was tested at various concentrations. For 100%
concentration, the extracted surfactin is used as such and from that
25% and 50% concentrations were prepared and tested. The
surfactin was found to be slightly inhibitory for Staphylococus aureus
at 25% concentration. At 50% concentration, the surfactin was
inhibitory for Streptococcus faecalis, Pseudomonas aeruginosa and E.
coli whereas the organism Salmonella typhi was found to be sensitive
against surfactin only at 100% concentration [Graph 1].

Plate 1: Lysis of RBC’s by surfactin on culture
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Graph 1: Effect of surfactin At different concentration on
pathogenic bacteria
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Lysozyme is an enzyme which dissolves the peptidoglycan forming the
cell wall of the bacterium leading to the formation of protoplasts. The
protoplasts of gram positive organism and spheroplasts of gram-
negative organisms were induced and surfactin was tested on them for
identifying the activity of surfactin on protoplasts and spheroplasts.
The results showed that the surfactin has the microbicidal activity and
it even kills the bacterial spheroplast and protoplast in adverse
hypotonic and hypertonic conditions. These characters of surfactin can
be used for various applications and in the pharmaceutical industries
for creating a new antimicrobial agent.

CONCLUSION

From the above observation, it was concluded that the bacterial
isolates of Bacillus have the ability to secrete surface active agents.
Thus apart from industrial applications they can also be used for
medicinal purposes and has a wide scope in pharmaceutical
industries. It gains on more important in future for industrial and
environmental applications.
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