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Abstract

Biosurfactants are surface active compounds, which may be of microbial, animal or plant origin. They
are typically less toxic and less persistent than the synthetically derived surfactants. The current study
intended to analyze the biosurfactants production and its antagonistic activity against Candida albicans
biofilm formation. Isolation of biosurfactant producing organism was carried out using swab sample
of human vagina and from oil contaminated soil samples. Isolates were screened for biosurfactant
production by using oil spread assay and the organisms showing higher activity were selected. The
Emulsification assay was done and the E24 was found to be 20.83% for cell free extract of growth
medium of isolate B1.The selected isolates were further studied for yield of biosurfactant produced
by cultivation in MRS broth and extraction by chloroform and methanol (3:1) extraction. The yield
of biosurfactant for isolate Blwas found to be4.55gl'.Theextracted biosurfactant was separated
by TLC and identified to be a lipopeptide by FTIR spectroscopy. The isolate with maximum vyield of
biosurfactant was identified as Lactobacillus fermentum using VITEK Il Compact System for microbial
identification system. The percentage biofilm inhibition activity of the biosurfactant was studied by
CFU assay followed by adhesion assay and by pre-coating experiment. On the basis of above studies,
it concludes that use of biosurfactant producing organism can be effective weapon against colonizing
opportunistic C. albicans and can be applied in medical devices for inhibition of biofilms formation.
Microbial adhesion also decreased from 85% to 11% with78.125 to 2500 pg/ml of biosurfactant. The
lipopeptide extracted from isolated isolate B1 also showed powerful penetration capacity in the biofilm
and killed 91% C. albicans as seen by CFU assay and a highest inhibition at 2500ug/ml and 1250pug/ml
concentration as studied by pre-coating experiment.
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INTRODUCTION

Surfactant is a compound word formed
from ‘surface active agent’. They are categorized
by their hydrophilic group: anionic, cationic,
non-ionic and amphoteric'. Biosurfactants are
commonly used in agriculture, pharmaceutics
and petroleum industry?. The vaginal normal
flora, including Lactobacillus species,is protective
barrier to infection by competing with pathogens
for adhesion and colonizing uterine wall and by
synthesizing biosurfactants®. Biofilm is a matter
of concern in both medical and industrial fields.
Combating the problem of biofilms is difficult
because of its ability to strongly adhere to the
surface of any material. Biofilms that form on
the medical devices such as catheters, serve
as a source of around 60% of the nosocomial
infections*®.

The microbial biosurfactant production
has been observed primarily in Bacillus and
Pseudomonas genera. Biosurfactants are of diverse
chemical nature and hence possess properties like
solubility of non- polar compounds, heavy metals
sequestration, antimicrobial and anti-adhesive
properties to prevent biofilm formation. Also, the
biodegradability of biosurfactants makes their use
advantageous over chemical surfactants®. There
has been a keen interest in the biosurfactant
producing bacteria of human microbiota due to
their probiotic effects’ and the ability to inhibit
pathogenic bacteria and fungi®. Hence the current
study was designed to study the production of
biosurfactants and its impact on the C. albicans
biofilm formation.

MATERIALS AND METHODS

Biosurfactant producing organisms were
isolated from the lateral vaginal wall, using cotton
swab and oil contaminated soil samples. The swab
samples were isolated on Rogosa agar plate and
incubated in desiccator under micro- aerophilic
condition for 7 days at 28°C. Whereas 0.5g of oil
contaminated soil sample was mixed in 50ml| of
Minimal Synthetic Medium (MSM)[KH,PO,-0.1%;
MgSO,- 0.05%; FeSO,-0.001%; NaNO,-0.15%;
CaCl,-0.0002%; (NH,).,SO,- 0.15%; Hi Media Pvt.
Ltd., Mumbai, Maharashtra, India]and kept at 30°C
for 3 days. Serially diluted sample from dilutions
was used for spread plating on sterilized Nutrient

agar plates with 0.08% Tween 80 and incubated
at 37°C for 24h°.

The highest biosurfactant producer
bacterium was selected by cultivation of isolates
in DeMan, Rogosa and Sharpe (MRS- HiMedia
M1164) broth and in Nutrient broth with 0.08%
tween 80, in static conditions, at 28°C,for 20h.
The biomass was separated from culture media
by centrifugation at 10000 rpm, for 10 min. The
supernatant was used to determine the surface
tension reducing activity by the oil spreading
assay. A thin oil layer was made using 10 pl of
crude oil on 40ml of distilled water. Then, 10 pl
of culture supernatant was added gently in the
centre of the oil layer. The biosurfactant, if present
in the supernatant, displaced oil to form a clearing
zone. The diameter of this clearing zone on the oil
surface was indicative of relative oil displacement
activity.

Biosurfactants possess hemolytic activity,
which was studied for the supernatant by
incubating 0.5ml of 5% RBC suspension with 0.5
ml of supernatant,incubate at 28°C for 10min*?,

Emulsification index (E24) has been used
to characterize the biosurfactant emulsifying
activity. In a test tube 2ml cell free supernatant
and 2ml oil were vortexed for 2min and height
of emulsion layer was measured at the end of
24h. Emulsification index was derived using the
following formula®.

Height of emulsion layer

= X100
Height of total solution

As a biochemical detection test for
identification of lactic acid bacteria®®, the CO,
production by glucose fermentation was evaluated
by hot loop test. Cultures were grown in APT
broth ( Casein hydrolysate- 1.25%; Yeast Extract-
0.75%; dextrose-1%; Sodium citrate- 0.5%; Sodium
chloride-0.5%; Dipotassium phosphate-0.5%;
Magnesium sulphate- 0.08%; Manganese
chloride-0.01%; Ferrous sulphate- 0.0045;
Polysorbate 80-0.02%; Thiamine hydrochloride-
0.0001%, pH- 6.7+0.2[HiMedia M227]), at 28°C.
After 24h of growth, a heated red-hot inoculating
loop was plunged into the culture to observe
stream of bubbles®®.

The isolate showing the highest activity in
Oil spread assay was selected for the biosurfactant
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production. Sterile MRS broth was inoculated
with 10%cells/ml of selected isolate culture and
incubated at 37°C, for 96h. To separate the
biomass from supernatant the broth culture was
centrifuged at 10000rpm for 30 min. For extraction
of biosurfactant, pH of supernatant was adjusted
to pH 2.0with 6N HCl and kept at 4°C, for 24h.
Organic solvent extraction was done with ethyl
acetate and methanol(4:1), using separating
funnel. The extracted biosurfactant was kept for
drying at 55°C, for 72h*4. The crude biosurfactant
was spotted on two TLC plates (Merck, India) along
with the solvent extract purified biosurfactant.
They were separated using the solvent chloroform:
water: methanol in ratio 65: 24: 4. Ninhydrin
reagent and Anthrone reagent was sprayed on
the two chromatograms respectively. Sudan black
B staining for lipid identification was done. The
extracted biosurfactant was further investigated
by Fourier Transform Infrared Spectroscopy (FTIR)
to defineits functional groups, chemical bonds
as structural characteristics. The analytic sample
was prepared by homogeneously dispersing 1 mg
biosurfactant in pellet of potassium bromide?®.

The Candidal adhesion assay was
performed by addition of 500uL of sterile Brain
Heart Infusion (BHI) broth to three Eppendorf
tubes and 100 pL of a saline suspension of C.
albicans adjusted at 0.6 OD at 600nm. 100uL of
biosurfactant was added in the tubes and kept for
1.5h adhesion phase. Each tube was washed twice
with 1000uL of sterile saline to remove loose cells.
500uL of Sterile BHI medium was pipetted into
each of the washed tubes and incubated at 37°C,
for 96h. The growth medium was replenished after
every 24h. After 96h of incubation, all tubes were
washed off with sterile saline. In empty tubes,
100pL of sterile saline was added forcefully and
it was used for further serial tenfold dilutions.
Tenfold dilution was performed by sterile saline
and 100uL of diluted sample from last three
dilutions viz., 4, 5 and 6 were used for the colony
forming unit (CFU) assay and incubated at 37°C,
for 48h?7,

The anti- biofilm assay of the biosurfactant
was studied using pre-coating experiment. 200uL
of biosurfactant concentration ranging from
2.500ug/ml to 78ug/ml was added in polystyrene
96-well microtiter plate. The negative control well
containing sterile saline was also prepared. The

plate was then incubated at 37°C, 130rpm, for
24h. The wells were emptied and gently washed
twice with Phosphate Buffer Saline (PBS) pH 7.2.
150uL C. albicans suspension (1.0x107 CFU/ml) in
Sabouraud dextrose broth (HiMedia M033) was
added to each well and incubated at 37°C, 75rpm
for 3h. The un-attached cells were removed by
gently washing the wells twice with PBS and then
150ul of sterile Sabouraud dextrose broth was
added to wells. Plates were incubated again at
37°C, 75 rpm for 48h.C. albicans biofilm production
was quantified by the crystal violet method. 100l
of 2% crystal violet (CV) solution was added to
the wells and kept for 20 min; the additional CV
was washed with distilled water and air-dried.
150pl of 33% acetic acid was used to release the
bound CV, the extinction of which was measured
at 590nm?*. The percentages microbial adhesion
was calculated using the formula:

Absorbance of the well with

Percentage  pjgsurfactant concentration

Microbial = X 100
. Absorbance of Control well
Adhesion

RESULTS AND DISCUSSION

The samples were collected from oil
contaminated soil and from healthy human vagina.
The samples were enriched in MSM medium and
isolated on Rogosa agar and Nutrient agar plate.
Isolate obtained from urogenital tract was labeled
asisolate B1 and the isolates obtained from soil
sample were labeled as isolate B2 and isolate B3
respectively. The screening of isolated bacteria for
the biosurfactant production was done by addition
of culture supernatant to the center of diesel
oil layer. The supernatants of isolates B1 and B2
showed a clear zone of diameter 4.5cm and 2.5cm
respectively. The bacterial isolates B1 supernatant
showed higher oil displacement activity. The
Emulsification assay with 2ml of diesel oil and
supernatant each revealed the E24 to be 20.83%.
The supernatant of the isolate B1 growth medium
showed large amount of foaming activity in the
flasks after incubation at 30°C, 200rpm for 72h.
The isolated isolate B1 when streaked on blood
agar plate showed the y-hemolytic activity. Only
small stream of bubbles of CO,was observed on
insertion of hot loop into the culture grown in APT
broth with 1% dextrose and 0.5% sodium acetate
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at 27°C. These observations were comparable
with the biosurfactant derived from Lactobacillus
fermentum SHU6343 studied by Ghasemi et al*°.
From the oil spreading assay, it was
found that the isolate B1 showed highest oil
displacement activity, hence it was isolated and
identified using different bio-chemical tests. And
further confirmation was done by VITEK Il Compact
system for microbial identification system and the
isolate was identified as L. fermentum. The 4.55g|*
of biosurfactant was extracted from isolate B1
growth in MRS broth. The extracted biosurfactant
was separated using TLC. The solvent used in
chromatographic process was chloroform: water:
methanolin the ratio 65:24:4. The chromatograms

8O-

70

50

%T

B0 Mem-y

40

20

were developed using ninhydrin reagent or
anthrone reagent. Red spots developed on the TLC
plate which was sprayed by ninhydrin reagent and
no spots were developed on another plate which
is sprayed by anthrone reagent. Thus,indicating
that the extracted biosurfactant had a peptide
component.

The nature of biosurfactant was
confirmed by FTIR analysis to be lipopeptide. The
FTIR spectrum showed strong adsorption bands of
peptide at 3281 cm™?, 1645 cm™ and 1531 cm™. It
also indicates the C-H stretching bond which had
aband of 2980 cm™. The band 2980 cm™*and 1447
cm* reflect aliphatic compound. And the band 743
cm™and 507 cm™ bands indicate CH out of plane

o
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Fig. 1. FTIR of lipopeptide biosurfactant produced by the selected isolate

PRE COATING EXPERIMENT:INHIBITION OF CANDIDA
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Fig. 2. Effect of various concentrations of biosurfactant on C. albicans biofilms in the presence of biosurfactant

(precoated on the wells of a microtiter plate)
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deformation mode. 1124 cm™*bands indicates C=S
stretching mode.1215 cm™ band showed C-O-C
asymmetric stretching mode (Fig. 1). According
to Ghasemi et al*. the lipoprotein biosurfactant
produced by P. dextrinicus SHU1593 also depicted
most prominent bands at the range of 3000-3600
cm? and 1640-1700 cm™, as well as 1500-1620
cm?, correspond to NH group, C=0 stretching in
proteins (Aml band) and NH bending in proteins
(Amll band), respectively. Abdalsadiq et al®
identified the structure of Lactobacillus acidophilus
-based biosurfactants by MS to be a lipopeptide
compound containing nine amino-acids and
C12-C17 B-hydroxy fatty acids. Comparatively few
lipopeptide biosurfactants produced by lactobacilli
have been studied by FTIR and X-ray photoelectron
spectroscopy*?. In another study by Ramani et
al?, it was ascertained that absorption in 1500-
1620 cm™ is not normally observed in the FTIR
spectra of glycolipid biosurfactants.

Anti-biofilm activity of extracted bio-
surfactants was observed against C. albicans
by viability assay. Extracted bio-surfactant
exhibited 91% of efficiency. It was demonstrated
that, incidence of anti- biofilm activity among
biosurfactant should impact the expression of
bacteria virulence factors, which are essential
during infection because they disturb cell to
cell signaling. Therefore, preliminary bacterial
adhesion and subsequent biofilm formation can be
prevented by lipopeptide. Pre-coating of the micro-
titer wells with extracted biosurfactants affected
biofilm formation by C. albicans strains. When
C. albicans exposed to extracted biosurfactants,
there was a decrease in OD at 590nm from 0.36 to
0.05, with surfactant concentrations ranging from
78.125 to 2500 pg/ml. Microbial adhesion also
decreased from 85 to 11 percent with respective
concentration. Hence, we can conclude that pre-
coating with extracted surfactants inhibits the
formation of C. albicans biofilm. Biosurfactant
showed biofilm inhibition activity at concentration
2500pg/ml and 1250ug/ml. The study of Frachia et
al.**has discerned the percentage cell adhesion of
various strains of C. albicans reduced significantly
up to 86% at pre-coating of at 2,500 ug/mL of
crude CV8LAC biosurfactant. In another study,
it was observed that biosurfactants, significantly
reduced C. albicans adhesion and biofilm growth

between 39.0% and 46.2% and between 74.1%
and 80.4%, respectively?.

The lipopeptide surfactant when analyzed
for its anti-biofilm activity revealed a directly
proportional effect with increase in concentration.
The lipopeptide extracted from isolate B1 also
showed powerful penetration capacity in the
biofilm and killed 91% C. albicans as seen by
CFU assay and a highest inhibition at 2500ug/ml
and 1250ug/ml concentration as studied by pre-
coating experiment (Fig. 2).

A large number of lactobacilli have been
studied for biosurfactant production and the
corresponding impact on biofilm disruption?*2,
Maldonado et al.?” found that whole cells of
Lactobacillus and its supernatant were successfully
employed to treat catheter- associated infections
(CAI) caused by Klebsiella. Variety of lactobacilli
produced biosurfactants have been checked for
their anti-microbial and anti-biofilm activity?®3?.
Therefore, Lactobacillus was included into the
potential protective microorganisms to be used
for bacteriotherapy and prevent CAl and urinary
tract infections®2.

Various indwelling medical devices
like catheters in critical patients are prone to
colonization by biofilm producing bacteria, which
may lead to device-related infections, which pose
new challenges in their management. Current
research is focussed on competitive interaction
strategies,which can lead to prevention and
control of such concerns®>*

CONCLUSION

Although various new molecules with
the anti- biofilm activity are being researched
and commercially used there is still dearth of eco-
friendly anti- biofilm compounds. Biosurfactants
can serve as a viable and effective alternative
especially for anti-biofilm activity in the medical
prosthetics and implants. Catheterization is a
common medical intervention for urine passage
in most surgical and debilitating hospitalization
patients. Since the biosurfactant producing isolate
L. fermentum is a normal flora of female urinary
tract, the purified lipopeptide biosurfactant is a
strong candidate for application as an effective
anti-biofilm agent against the C. albicans biofilms
formation and inhibition.
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