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Abstract

Marine symbiotically associated microbes play a vital role and are an excellent source of natural compounds that exert wide
biological activities. In this study, we have reported on the identification, characterization, phylogenetic relationship, and
anti-biofilm surface-active compound-producing abilities of marine invertebrate sponge-associated Cobetia sp. JCG-23.
Among 24 isolates, a total of five strains JCG2, JCG19, JCG20, JCG22, and JCG23) have active surface molecule producing
potential on the emulsification index assay. Interestingly, the potential candidate JCG-23, produces biosurfactants with low
surface tension (22 Nm™') that exert anti-biofilm activity against Pseudomonas aeruginosa PAO1. The isolate was identi-
fied as genus Cobetia sp. JCG-23 with 99.1% sequence similarity to Cobetia crustatorum (EU909460) based on 16S rRNA
gene sequence analysis. The large-scale production, purification, stability, and characterization of biosurfactant were carried
out and its surface activity was determined using the oil drop method. Subsequent spectral analysis such as UV, FT-IR, and
GC-MS analysis indicated that the purified biosurfactant was a hydroxyl fatty acid, namely octadecanoic acid (C;gH;40,) with
a molecular weight of 284 m/z. Furthermore, the effect of antibiofilm activity on the viability of Pseudomonas aeruginosa
PAOL by static ring tube and light and confocal laser scanning microscopy analysis revealed that the octadecanoic acid from
Cobetia sp. JCG-23 has strong biofilm dismantle ability against Pseudomonas aeruginosa PAO1. Further characterization
of the biosurfactant from the isolate Cobetia sp. JCG-23 can pave the way for developing novel bioactive agents targeting
biofilm-forming pathogens on topical and medical devices.
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1 Introduction 2]. The diffusible surface-active chemical entities in marine

ecosystems are implicated in ecological niches when they

Marine symbiotic-associated microbe’s exhibit specialized
metabolic and physiological activities conferring them to
synthesize novel biomolecules, notably biosurfactants [1,
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possess antagonistic properties [3]. Biosurfactants are
amphipathic molecules exude in microbial cell surfaces
which contain both (hydrophobic and hydrophilic) parts
that converse the propensity to accumulate between fluid
phases, as a result reducing surface and interfacial tension
[4, 5]. These biosurfactants are well delineated chemically
which categorized into high- and low-molecular-weight
molecules [6]. A diverse group of microbes such as bac-
teria, fungi, and yeasts have been well studied to produces
biosurfactants. These microbial procured surfactants have
distinctive edge especially, low toxicity, biodegradable
capability, and potency at extreme temperatures and pH
values over their chemically synthesized surfactants [7-9].
In addition, microbial-derived biosurfactants exert wider
biological activities, including antibacterial, antifungal,
antibiofilm, anticancer, and antiviral activities, and these
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properties aid in the development of alternative therapeu-
tics when compared to conventional agents in biomedical
practice [2, 8]. For an instant, suppression of uropathogenic
biofilms on silicone rubber by biosurfactants (Protein-like)
obtained from Lactobacillus fermentum RC-14 has been
reported [10]. More recently, inhibition of biofilm and bac-
terial adhesion activities of glycolipid biosurfactant has been
assessed from Lactobacillus rhamnosus [11]. However, it
is well known that biosurfactants with antimicrobial prop-
erties being produced in response to the predators, which
depicts their ecological significance and reveals the pro-
lific benefit to targets the infectious diseases [12]. Several
biosurfactants display antibiofilm potential, which reduces
the colonization and adhesion of MDR clinical isolates on
medical device surfaces due to the inhibition of pre-formed
biofilms [13, 14]. Hence, microbial-derived surface-active
molecules were well documented from soil or oil-contami-
nated environments, whereas these anti-adhesive compounds
from marine microorganisms have been poorly studied [15].
Consequently, the microbial-derived biosurfactant can be
used as a promising anti-infective alternative molecule to
the classical agent to combat infection causing contagious
pathogens [16]. In the present study, we report the efficient
biosurfactant-producing Cobetia sp. JCG-23 strain isolated
from marine invertebrates. Additionally, we have identified
its molecular phylogenetic position through 16S rRNA gene
typing. Furthermore, we have assessed the production, sta-
bility, structural characterization, and biofilm susceptibility
of the biosurfactant against the biofilm-forming pathogen
Pseudomonas aeruginosa PAO1.

2 Materials and methods
2.1 Sample collection

The marine sponge was collected at 15m depth in Kayalpat-
tinam of the Bay of Bengal Ocean (8.5667° N, 78.1167° E),
Tuticorin district, Tamil Nadu, India. Sponge was collected
by using aseptic plastic bags along with sea water and imme-
diately stored at 4°C. Then, collected sponge samples were
aseptically transported to the laboratory and stored at 4°C until
further use. Fifteen grams of sponge tissue sample was excised
from the middle region of Axinella sp. by a sterile cutter. The
excised sponge was suspended in 10 mL of sterilized distilled
water and homogenized tissues using a mortar and pestle. Sub-
sequently, serial dilutions up to 10 were carried out, and each
diluted sample was spread on sterile seawater-containing nutri-
ent agar plates [16]. There were 24 morphologically distinct
pure colonies which were isolated and subcultured by using
nutrient broth at 30°C for further experimental studies [17].

@ Springer

2.2 Emulsification index

All 24 strains cultured in 200 mL of nutrient broth and
kept at 28 °C, 120 rpm for 48 h. The emulsification assay
(EI) was determined by mixing of equal volume of cell
culture broth and hydrocarbons (1:1 ratio) and vortexing
firmly for 1 min. Then, the tubes were kept for 24 h then
measured the emulsion layer [18]. Subsequently, differ-
ent methods were carried out to confirm the efficiency of
the strains in terms of biosurfactant production. Methods
were (i) hemolytic activity: All the isolates were screened
by simple streaking for hemolytic activity on blood agar
plates consist of 5% (v/v) human blood and plates were
kept at 37 °C for 24 h. Hemolytic activity was observed
based on a defined clear zone around colonies [19]. (ii)
Oil displacement test: Oil displacement method is used
to determine the diameter of the clear zone which can
be achieved after exposure of biosurfactant into on oil-
water interphase. Twenty milliliters of distilled water were
added to a Petri dish (15 cm diameter) and 50 pL of die-
sel were placed to the surface of water followed by addi-
tion of 100 pL supernatant from 24-h culture broth on to
the surface of oil (diesel). Occurrence of clear zone was
measured after 30 s. The diameter assessment indicates the
surface tension reduction potential of biosurfactant. Sterile
medium and SDS were used as negative control and posi-
tive control respectively [20]. (iii) Hydrocarbon overlay
assay: Minimal medium was supplemented with 100 pL
of diesel as solitary carbon source separately. Then, the
bacterial isolate was spotted on the hydrocarbon amended
plate and incubated for 30 °C for 48 h. Colony surrounded
by an emulsified halo was considered as positive for bio-
surfactant producer [21]. Among these, a potential candi-
date was screened and used for further studies.

2.3 Surface tension measurements

Surface tension was measured for culture broth of isolate
JCG-23 by using the standard drop weight method [22, 23].
Surface tension was measured for the culture broth of isolate
JCG-23 using the standard drop weight method [22, 23].
To determine surface tension, the cell-free supernatant of
Cobetia sp. JCG-23 was introduced into a glass column.
The lower end of the column was connected to a rubber
tube. Subsequently, a pre-weighed clean beaker was placed
beneath the column, and the cell-free extract was gently
delivered drop by drop into the beaker. A total of 20 drops
were collected and their weight was measured. The follow-
ing equation was employed to calculate the surface tension
of the cell-free supernatant [23]

M = W2 — W1 /total drops
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Mass of one drop = W, — weight of the sample with
beaker-W, weight of the empty beaker/total number of drops

Surface tension (T) = Mg/nr X 107> x nm™!

Where

m mass of one drop of the liquid
g acceleration due to gravity

r radius of the capillary tube

surface tension of the medium alone— sur-
face tension of culture broth.

Surface activity

2.4 CTAB-MB assay

CTAB-MB agar method was subjected to screening the gly-
colipid-producing abilities. In order to identify the nature
of biosurfactant, the JCG-23 strain was cultured in (CTAB-
MB) agar plates by supplementing 0.3 g cetyltrimethyl-
ammonium bromide (CTAB), 5Smg of methylene blue, and
18 g agar in 100mL of mineral medium; then, cultures were
incubated for 48 h at 30 °C [24].

2.5 Identification and phylogenetic analysis
of the isolate JCG-23

Among 24 isolates, the potential biosurfactant producing
isolate JCG-23 was selected for further morphological,
biochemical, and physiological parameters, including iden-
tifying its molecular phylogeny position. The biochemical
features such as starch, cellulose, lipid, casein, catalase,
gelatin liquefaction, nitrate reduction, citrate utilization,
triple sugar iron, and MR-VP tests were carried out accord-
ing to Govindarajan et al. and Cappuccino and Sherman [25,
26]. Utilization of carbohydrates was investigated with a
basal carbon nutrient medium. The physiological studies
such as salinity tolerance (NaCl), pH, and temperature were
determined for the isolates JCG-23 as per literature [25, 27].
Furthermore, molecular characterization was done by using
16S rRNA gene sequencing. The 16S rRNA gene of iso-
late JCG-23 DNA was amplified using primers 27F 5-AGA
GTTTGATCCTGGCTCAG-3' and 1492R 5'-GGTTACCTT
GTTACGACTT-3' [27]. Then, sequencing was performed
with Applied Biosystems 3730XL DNA Analyzer with Big-
Dye Terminator v3.1 Cycle Sequencing Kit (Applied Bio-
systems, USA) [25]. The 16S rRNA gene sequences were
analyzed by the BlastN search from the GenBank database.
16S rRNA gene sequences of closely related type strain
sequences were retrieved from NCBI BLAST and Riboso-
mal Database Project (RDP-II) [27, 28]. The phylogenetic
tree was constructed by the neighbour-joining method with
the help of PHYLIP (version 3.68) software package, and
maximum-parsimony methods were adapted to generate

bootstrap values over 1000 re-samplings [27, 29]. The 16S
rRNA gene sequences were deposited under accession num-
ber MH779825 in the GenBank database.

2.6 Biosurfactant stability study

To determine the biosurfactant stabilities, various param-
eters were checked, such as temperature, pH, and salinity.
For temperature stability of biosurfactant, the supernatant
was kept at a constant temperature range from 0 to 100 °C
for 15 min; subsequently, it is allowed at room temperature
for cooling. Likewise, to find out the effect of pH on stabil-
ity, the pH of the culture broth was adjusted at pH range
of 2.5-12.5 using 0.5 N NaOH or 0.5 N HCI. The effect of
NaCl (ranges from 1to 10%) that influencing activity of the
biosurfactant was also examined [30-32].

2.7 Extraction and purification of biosurfactant

Mother culture was propagated by transferring a pure colony
of Cobetia sp. JCG-23 into 100 mL of seawater-containing
nutrient broth and incubated for 12 h. Ten percent of the pre-
pared seed was subcultured into a 2-L culture flask which
consists of 500 ml of fermentation medium (pH 7.0); a total
of 10L were incubated at 30°C in 150 rpm for 8 days. There-
after, the biosurfactant was precipitated by acidifying cell free
broth to pH 2.0 with 6N HCI and kept at —20°C for 18 h; then,
biosurfactant was recovered by centrifugation at 10,000 rpm
for 30 min. Then, it was dissolved in dH,O to adjusted the
pH 7.0 using 1N NaOH. Subsequently, the biosurfactant was
extracted with chloroform/methanol/water (2:2:1) ratio and
quantified. The product containing phase were separated and
evaporated to dryness. Finally, the biosurfactant residue was
dissolved in chloroform [33, 34]. Furthermore, biosurfactant
was purified using preparative TLC silica gel (mesh size
100-200). The silica gel was prepared and run with mobile
phase of chloroform: methanol (6:4v/v), and separation was
visualized using an iodine chamber for 30 min. The Rf value
was determine as per described methods [35, 36].

2.8 Biosurfactant production kinetics

The kinetics of biosurfactant production was performed in
batch cultures for 10 days at optimum conditions by measur-
ing the emulsification assay of supernatant samples obtained
after cell separation [37].

2.9 Characterization of biosurfactant

The absorption maxima of the TLC-resolved biosur-
factant were checked by UV-Vis (200 nm to 400 nm)
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spectrophotometer. FT-IR spectrum of purified biosurfactant
was subjected to MCT detector and germanium-coated KBr
plate beam splitter for the functional group analysis [30, 34].
GC-MS (gas chromatography-mass spectrometry) (Thermo
GC - trace ultra ver: 5.0, thermo MS DSQ II) was used to
analyze the purified biosurfactant. The data was processed
by DB 35 — MS capillary standard non-polar column with
oven temp 70 °C raised to 250 °C for 10 min with flow rate
ImL/min using helium gas. After that, generated peaks were
compared with the mass library to determine the fatty acid
composition in the biosurfactant [36].

2.10 Antibiofilm assay

The MTP assay were done to study the activity of biosur-
factants (100pg/mL) on Pseudomonas aeruginosa PAO1
producing biofilm formation. About 1% of 12 h culture of
PAO1 (0.5 OD=600 nm) were aseptically transferred into
fresh LB medium with 1% glucose in the presence and
absence of biosurfactant. The 24-well polystyrene plates
were allowed for 16 h at 37°C, planktonic cells along with
consumed media were drawn out, and adhering cells were
washed with dH,O and permit to air-dry. After that, biofilms
were developed using 0.4% crystal violet (w/v) for 5 min and
gently rinsed with dH,O. 100% ethanol was used to quantify
the dye absorbed by the biofilm-forming cells and it was
measured at 650nm [38—40]. In addition, a static ring tube
test was executed to estimate the outcome of biosurfactant
extract on PAO1 biofilms. The PAO1 cells (~OD 0.5= 600
nm) were grown in the presence and absence of biosur-
factant ranges from 100 to 500 pL and spawn at 37 °C for
24 h; then, biofilm growth on the surface was estimated [41].

2.11 Anti-biofilm assay by confocal laser scanning
microscopy

Twelve-hour culture of PAO1 was exposed to biosurfactant
100pg/mL (w/v) (final concentration) amended with 1.0
mL of LB broth in polystyrene plates (24-well) and cells
were grown without biosurfactant as a control. After that,
MTP plates were spawn for 24 h at 37 °C, and the plank-
tonic cells and depleted media were removed and adhesive
cells (on glass slides) were gently washed with dH,O and
kept for air-dry before being stained [42]. For confocal
laser scanning microscopy (CLSM) analysis, 0.1% acrid-
ine orange solution (w/v) was used to stain the biofilms,
and for light microscopic examination, 0.4% crystal violet
was used. Subsequent washing steps were followed as per
above said method. The stained biofilms were visualized
under CLSM (Model LSM 710, Carl Zeiss, Germany)
480nm and 530nm with 40x magnification and 100X mag-
nification under light microscope [43]. The experiment
was performed in triplicates.
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2.12 Growth curve

To assess the antimicrobial activity of the biosurfactant
against Pseudomonas aeruginosa PAO1, a growth curve
analysis was conducted both in the presence and absence
of the biosurfactant. An overnight culture of PAO1 was
adjusted to an optical density (OD) of 0.5 at 600 nm using
a fresh sterile medium. Subsequently, 1% of the PAOI1
culture was inoculated into 100 mL of LB broth supple-
mented with 1% glucose. The specified concentration of
biosurfactant (10 mg/mL) was then introduced into the
culture broth, which was then incubated at 37°C for 24
h. At hourly intervals, the OD was measured at 600 nm.
A culture medium without biosurfactant can be used
as a negative control [44]. The assay was performed in
triplicates.

3 Results and discussion
3.1 Isolation of biosurfactant producers

In our present study, we have successfully isolated Cobetia
sp. JCG-23, a strain capable of producing a highly effec-
tive surface-active compound, from the sponge Axinella sp.
(Figure S1 in the supporting information). Primarily, the
hemolytic assay can be used to screen the non-hemolytic
isolates that produce the biosurfactant to control biofilm
formation on surfaces and medical devices. Among 24
isolates, only five members exhibited negative hemolysis
effects and were selected for biosurfactant assay in the liquid
broth. Generally, hemolysis is a rapid method to identify bio-
surfactant producers [45, 46]. However, the method shows
some limitations [47]. Schulz et al. [48] reported that some
biosurfactants failed to show any hemolytic effect. Other
reports recommended that the hemolytic assay is a primary
method for biosurfactant screening, and that can be further
confirmed by surface tension measurement [49]. The iso-
lates JCG-23 show the negative hemolytic effect when com-
pared to other screened biosurfactant producers. Bacteria, a
symbiotically associated with marine sponges represent a
rich source of novel bioactive metabolites. This symbiotic
association has sparked specialized biosynthetic pathways,
resulting in the production of bioactive metabolites that safe-
guard soft-bodied invertebrates against pathogenic biofilm-
forming pathogens.

3.2 Screening of biosurfactant producers
Assessment of emulsification activity is a versatile screening

technique for identifying biosurfactant-producing microbes.
The emulsification capability of biosurfactants was evaluated
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for non-hemolytic marine isolates with different hydrocar-
bons such as diesel and kerosene. The emulsification index
has been determined after 24 h of incubation. Among these,
isolate 23 showed the highest emulsification index with die-
sel (70%) and kerosene (65%) (Fig. 1a); the emulsification
index values are shown in Table 1. The emulsification index
assay is the most reliable method to determine the efficiency
of biosurfactants and is used to identify the potential bio-
emulsifier producer [50]. Consequently, this strategy might
be considered as an effective assay for screening of surface-
active compound producing strains [51]. Thus, isolate JCG-
23 had more prominent results than the other biosurfactant
producer. All non-hemolytic strains exhibited the highest
emulsification index E24 (%) in diesel compared to kero-
sene. These results suggest that the strain’s produced biosur-
factant demonstrates a higher emulsification specificity for
diesel, whereas its specificity with kerosene is lower. This
finding indicates that the emulsification activity primarily
relies on an affinity towards the hydrocarbon’s nature. Thus,
it is evident that the interaction directly with the hydrocar-
bon, rather than the surface tension of the medium, plays a
pivotal role. A previous study also supports these findings
[52]. Diesel emerges as the superior substrate, displaying a
higher emulsification index of E24 than kerosene. Earlier
research by Patel et al. noted the highest emulsification index
in n-hexadecane, followed by gasoline and diesel, surpassing
kerosene [11].

In addition, different biosurfactant screening tests such as
oil drop, hydrocarbon overlay, and CTAB-MB agar assays
were done for the selected isolates JCG-23. Differences in
the ability to displace the oil and spread it in the water were
observed. 1% SDS was used as a positive control. Our exper-
imental results show the isolate JCG-23 effectively displaced
the oil and made a clear zone of 6.5 cm than the SDS 4.5
cm (Fig. 1b). In general, biosurfactant producing microbes
have the ability to displace the oil. Thus, this indirect evalu-
ation of the surface activity of broth culture of isolate against
oil represents the reduced surface tension with the promis-
ing action of biosurfactant [53, 16]. On the other hand, the
hydrocarbon overlay method is another effective screening
method to identify the biosurfactant producers. The isolate
JCG-23 utilized the carbon source, and the clear zone was
observed around the colonies (Fig. 1c). The test confirmed
the occurrence of biosurfactants in the cell-free superna-
tant. Isolate JCG-23 has adequate growth on hydrocarbon-
containing solid media due to the biosynthesis of surfactant
that facilitates cell adherence on the oil droplets [16, 54].
Similarly, marine Cobetia sp. strain MM 1IDA2H-1, which
influences the formation of micelles or vesicles when grown
on dibenzothiophene (DBT) as the unique energy (car-
bon) source [12]. These lipid-like arrangements are very
mandatory for the digestion and metabolism of DBT and
also enhance the bioavailability of plausible substrates by

stimulating their dissipation and solubilization. In order to
identify the nature of biosurfactants, a CTAB-MB agar plate
assay was carried out. The strain JCG-23 failed to produce a
dark blue zone around the colonies, indicating the absence of
rhamnolipid (Fig. 1d). The results obtained from these stud-
ies, including hemolytic activity, emulsification index assay,
hydrocarbon overlay method, and oil drop method, revealed
that the isolate JCG-23 produce a potential surface-active
compound. These results were supported by already avail-
able reports of biosurfactant screening methods [55-57].

3.3 Surface tension measurement

The surface tensions of the culture broth of the isolate JCG-
23 were checked, and results show that the Cobetia sp. JCG-
23 has a low surface tension 22 Nm! than the surface tension
of the pure H,O (68 Nm™') and SDS (42 Nm™) respectively.
The surface activity measurement of the cell free culture
broth is a simple and highly reliable prefatory screening
strategy of biosurfactant inducing microbes. It imparts an
impregnable evidence for biosurfactant secretion. Previ-
ous reports suggest an effective biosurfactant can reduce
the surface tension of water from 72 dynes/cm to 25-30
dynes/cm [58-60]. Based on the literature, Pseudomonas
aeruginosa widely studied biosurfactant producer, the sur-
factant molecule produced by the microorganism reduced
surface tension to 28 to 27mN/m [61-63]. The decreased
surface tension implies the luxury growth of microorgan-
isms [12, 36]. Cooper and Goldenberg [18] suggest that if
bacterial strain reduces the surface tension to 40mN/m or
less could be consider as good biosurfactant producers. The
obtained results suggested that the strain JCG-23 is a poten-
tial producer of superior biosurfactant, and the isolate was
selected for further physiological, biochemical, and molecu-
lar characterization.

3.4 Physiological, biochemical, and molecular
phylogenetic analysis of JCG-23

Physiological and biochemical attributes of the isolate JCG-
23 were inspected and identified as gram-negative bacte-
ria. The isolate JCG-23 grew effectively in the existence
of NaCl (upto-9.0% (w/v), and poor or non-growth was
observed in the absence of NaCl. The strains were grown
from 25 to 37 °C, and the suitable growth temperature was
found at 37 °C. It also suggested that the isolate JCG-23
was a relatively halophilic bacterium native to the marine
ecosystem. Ibacache-Quiroga et al. [12] reported moderately
halophilic, a hydrocarbon catabolizing marine biosurfactant
producing Cobetia sp. strain MM 1IDA2H-1 which has been
isolated from seawater samples. The isolate JCG-23 utilized
a wide variety of carbon sources such as cellobiose, sorbi-
tol, adonitol, dextrose, fructose, mannose, inositol, maltose,
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«Fig. 1 a The highest emulsification index of the biosurfactant pro-
ducing isolate JCG-23. b Oil displacement method by culture extract
from isolate JCG-23; (i) oil, (ii) oil and culture extract, and (iii) 1%
SDS (positive control). ¢ and d Hydrocarbon overlay and CTAB
assay for the isolate JCG-23

rhamnose, melibiose, galactose, and raffinose but not lac-
tose, salicin, dulcitol, mannitol, xylose, and Inulin [28].
Subsequent biochemical characterization revealed that the
isolate JCG-23 was positive for citrate and gelatin hydrolysis
and negative for TSI, indole production, and methyl red tests
(Table S1 in the supporting information).

Based on the primary morphological, physiological and
cultural characteristics of the isolate JCG-23 clearly denoted
the genus Cobetia. The phylogenetic investigation of the 16S
rRNA gene showed that the isolate JCG-23 belonged to the
genus Cobetia and exhibited 99.1% sequence similarity with
a type strain, Cobetia crustatorum (EU909460) (Fig. 2). The
16S rRNA molecular phylogenetic analysis indicates that the
genus exhibit various geographical region with incredible
eco-physiological differences [64].

Table 1 Emulsification index E24 (%) of non-hemolytic isolates

Name of the isolate Diesel Kerosene
Isolate JCG2 21% 20%
Isolate JCG19 22% 20%
Isolate JCG20 61% 57%
Isolate JCG22 62% 52%
Isolate JCG23 70% 65%
SDS (positive control) 75% 70%

The values are represented as the mean of triplicate experiments

Fig.2 Phylogenetic tree view
of isolate JCG-23, constructed

3.5 Determination of biosurfactant stability
3.5.1 Effect of temperature, pH, and NaCl on biosurfactant

To determine the temperature steadiness of the biosurfactant,
broth culture of JCG-23 was sustain at a wide temperature
ranges from 0 to 100 °C. The effect of different temperature
ranges on biosurfactant activity was evaluated by emulsifica-
tion index assay. The obtained results reveals that the heating
the cell free culture broth from 30 to 100 °C caused no sig-
nificant loss in the biosurfactant performance. The emulsi-
fication index (56%) was relatively stable at 100 °C for 24h.
This sustained effect of the biosurfactant compound secreted
by JCG-23 confirms the thermostability (Fig. 3a). Similarly,
biosurfactant stability under various pH ranges were checked
by E24 calculation. The obtained results showed that with
the expand pH from acidic to alkaline conditions, the emul-
sification index (E24 =84%) steadily increased results were
shown in (Fig. 3b). The more significant effects of biosur-
factant are mainly dependent on optimum pH. This worth-
while emulsion under various pH ranges shows that the
biosurfactant from isolate JCG-23 was highly stable. The
effect of NaCl on biosurfactants was shown in (Fig. 3¢c). The
optimum stability of biosurfactant was observed at 4% NaCl
concentration. Minor changes were observed in increased
concentrations of NaCl up to 10% (w/v). At higher con-
centrations of NaCl, the biosurfactant retains 50% of the
emulsification activity. The greater usage of biosurfactants is
mainly dependent on salinity, temperature, and pH. Based on
our study, the biosurfactant produced by Cobetia sp. JICG-23
are stable when exposed at different temperature levels up to
100 °C for 24 h. Likewise, biosurfactant activity increased
and retained its original properties over pH ranges from
acidic to basic (2.5 to 12.5) and withstand salinity up to
10%, confirmed by positive emulsion index assay. Busscher
et al. [65] reported Pseudomonas aeruginosa P4-derived

Chromohalobacter israelensis™ ATCC 43985 T; AJ295144

based on neighbor-joining
method. The topology of tree

Modicisalibacter tunisiensis™ L1T2; DQ641495
100 Cobetia crustatorum™ JO1; EU909460
rl: Cobetia sp. JCG-23

was analyzed by bootstrapping 62.0f
with 1000 replicates and 0.01
scale bar indicates the nucleo-
tide substitution level

67.6

59.5L_Cobetia marina® DSM 4741; AJ306890
Halomonas taeanensis® BH539; AY671975

Halomonas salifodinae” BCT; EF527873
Halomonas pacifica" 142616

0.01

Halomonas kenyensis" AIR-2; AY962237

Halomonas denitrificans™ M29; AM229317
713 +—Halomonas ventosae" Al12; AY268080

Halomonas nitroreducens™ 11S; EF613113
Halomonas maura® S-31; AJ271864

—Salinicola halophilus™ CG4.1; AJ427626
‘_1_—Salinicola socius" SMB35; DQ979342
Salinicola salarius M27; AM229316
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Fig. 3 a Effect of temperature
on biosurfactant stability. b
Effect of pH on biosurfactant
stability. ¢ Effect of salinity on
biosurfactant stability
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biosurfactants from petroleum contaminated sites are found
to be stable at wide ranges of pH and temperature. In addi-
tion, Candida sphaerica cell-free extract found as highly
stable at pH (1-12), at a temperature of 120 °C and had the
ability to withstand a high NaCl concentration of 10% [66].
This study was also supported by other reports [23]. These
positive emulsions under various pH ranges, temperatures,
and salinity indicated that the biosurfactant from isolate
JCG-23 was highly stable and used for wider application.

@ Springer

2 3 4 5 6 7 8 9 10

Nacl(%)

3.6 Growth characteristics and biosurfactant
production of Cobetia sp. JCG-23

Biosurfactant production by Cobetia sp. JCG-23 was
denoted by time course study, and the results were shown
in (Fig. 4). It was observed that the organism germination
increased moderately until day 6, and that the biosurfactant
secretion was observed by emulsification activity assay after
the 2™ day of incubation period. After that, their activity was
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Fig.4 Growth kinetics and bio-
surfactant production of Cobetia
sp. JCG-23 70
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gently increased up to the 9" day of incubation. The results
indicate that biosurfactant production mainly depended on
the vegetative growth phase. The maximum biosurfactant
production can be achieved during log phase by the Cobetia
sp. JCG-23. The time course study shows that the synthesis
of biosurfactants according to the growth rate of the Cobetia
sp. JCG-23, which begins at the log phase and is sustained
until the end of the stationary phase. Similarly, another study
reveals that the L. rhamnosus biosurfactant synthesis begins
at the log phase and abiding until the end of the stationary
phase [11]. In addition, Lactobacillus helveticus produced
biosurfactants are also found to be growth associated, but
maximum yield of biosurfactant has been attained at the
stationary growth phase [36, 67].

3.7 Purification and characterization
of biosurfactant

The fermentation results shows that the isolate JCG-23
might be competent to produce 1.0 g/L of biosurfactant
within 8 days of incubation. The obtained TLC results
indicated that the purified surface-active molecule has an
Rf value of 0.87. Furthermore, UV spectra analysis of the
surface-active molecule exhibited maximum absorbance at
280 nm. The functional group of biosurfactant was identified
by FT-IR; the strong signals at 2924 cm’!, 1739 cm’!, and
3000 cm™! to 3500 cm™! suggest hydrocarbon, carbonyl, and
hydroxyl group, respectively (Fig. 5b). The FT-IR spectrum
analysis confirmed the presence of aliphatic chains in the
structure of the biosurfactant. Similar function groups were
identified from biosurfactants produced by marine Cobetia
spp. and other genera [12, 36]. GC-MS spectrum of the puri-
fied biosurfactant from Cobetia sp. JCG-23 suggested that
the presence of octadecanoic acid consists of hydroxyl fatty
acid (Fig. 5b). Consequently, the UV, FT-IR, and GC-MS
spectral data committed the existence of long-chain aliphatic
fatty acid octadecanoic acid with a molecular weight of 284

—4—Emulsification ~—#=0OD Value

15

Absorbanceat 600nm

0.5

Incubation period (Days)

m/z. A similar type of structure was also reported by earlier
studies [12]. On the other hand, the existence of hydroxyl
fatty acids in the cell-free broth were related to outer mem-
brane vesicles (OMVs) [12]. These lipid arrangements are
generally synthesis and secreted by Gram-negative bacte-
ria, which plays an important biological role in the nutrient
accession or cell-to-cell imparting [68, 12]. The cell wall
structure of Gram-negative bacteria has a complex morpho-
logical structure consisting of an OM (outer membrane), a
narrow shell of peptidoglycan with ample area surrounding
the peptidoglycan. The OM contains lipopolysaccharide,
which acts as a surface interaction region for various com-
ponents surrounding the environment and acts as a partial
chemical sieve and making them one of the defense systems
against toxic compounds. The surfactant molecule can dis-
turb the outer membrane in order to permeabilize the inner
membrane [69].

3.8 Antibiofilm activity

The anti-biofilm property of biosurfactant was examined for
the biofilm-forming marker strain of Pseudomonas aerugi-
nosa PAOL1. The static ring tube biofilm experiments result
showed the concentration-dependent alleviation in PAO1
biofilm with increasing concentration of biosurfactant, as
shown in (Fig. 6). In addition to the static ring tube assay,
the light microscopic and CLSM studies on Pseudomonas
aeruginosa PAO1 biofilm were examined. The images
obtained from the light microscopic analysis revealed that
the untreated cells illustrate thick biofilm formation of PAO1
compared to PAOL1 treated with biosurfactant.

The observed results revealed that reduced biofilm for-
mation compared to the control sample (Figs. 7A and 7B),
respectively. To corroborate the findings derived from
light microscopy, we conducted confocal laser scanning
microscopy (CLSM) analysis to examine further the inher-
ent antibiofilm properties of the biosurfactant against the
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Fig.5 a FT-IR and b GC-MS .
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Fig. 6 Static biofilm ring assay
of biosurfactant against Pseu-
domonas aeruginosa PAO1
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Fig.7 Light microscopic

and CLSM images of Pseu-
domonas aeruginosa PAO1
biofilms grown in the absence
and presence of biosurfactant.
Light microscopic images of
Pseudomonas aeruginosa PAO1
in the absence (A) and presence
(B) of biosurfactant. CLSM
image of Pseudomonas aerugi-
nosa PAO1 biofilms grown in
the absence (C) and presence
(D) of biosurfactant

PAOL1 strain, as depicted in (Figs. 7C and 7D). The CLSM
images unveiled the highly dense biofilm-forming capacity
of the reference strain PAO1, attributed to its robust adhe-
sion properties on untreated glass surfaces. In contrast, the
biosurfactant-treated samples exhibited a complete disrup-
tion in the biofilm architecture of the PAO1 strain. The sub-
stantial alteration in the Pseudomonas aeruginosa (PAO1)
biofilm structure observed through CLSM strongly supports
the biosurfactant’s potential antibiofilm activity. This show-
cases its effectiveness in reducing the biofilm formation of
the PAO1 strain. The surfactant molecule produced by the

Cobetia sp. JCG-23 exerted no or very less antimicrobial
activity against the Gram-negative Pseudomonas aerugi-
nosa PAO1 with huge biofilm dismantling ability. Similarly,
a few lactic acid bacteria (LAB) produced biosurfactants
that exert anti-biofilm activity against a range of pathogens
[70-72]. Recently, antibiofilm effect of S. haddoni extract
including biofilm inhibition and destruction was reported
against different pathogens [40]. In another study, the opti-
mum biofilm inhibition of P. aeruginosa (90.86%) has
been achieved when cells exposed to the sponge extracts.
Furthermore, Psammocinia sp. and Hyattella sp. derived

Fig.8 Growth curve analysis of

Pseudomonas aeruginosa PAO1 a8

in the presence and absence of

biosurfactant 5
1.5

Absorbance at 600 nm

Treatment —o—
Control =
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methanolic extracts had exhibited destruction of biofilm
architecture against K.pneumonia (90.32%) and E.coli
(94.33%) respectively [39]. The biosurfactants from various
microbes are promising applications in many fields. Several
studies revealed that many marine bacteria could produce
novel anti-biofilm compounds that have not been tapped
from terrestrial environments [73]. The biofilm biomass, as
determined by the crystal violet adherence and CLSM image
analysis, depicted the surfactant produced by the Cobetia sp.
JCG-23 successfully dismantle the developing bacterial bio-
films. The hydroxyl fatty acids from Cobetia sp. JCG-23 can
serve as disseminative messengers capable of deconstruct
the biofilm of PAO1 without any antimicrobial activity.
Thus, the reduction of biofilm development by octadecanoic
acid of long-chain hydroxyl fatty acid is believed and leads
to the development of the novel anti-biofilm surface-active
compound. The microbial biofilm dispersing ability exhib-
ited by Cobetia sp. JCG-23 can be exploited in healthcare
industries to overcome the problems caused by biofilm based
community acquired infections.

3.9 Growth curve determination

The growth curve investigations of Pseudomonas aerugi-
nosa PAOL in the existence and non-appearance of biosur-
factant was executed to confirm the antibacterial effect, if
any. The results show that there is no substantial alteration in
terms of bacterial growth in both biosurfactant exposed and
un exposed bacterial cultures. This indicates biosurfactants
were futile on the growth of PAO1 (Fig. 8). Similarly, two
sponge extracts (Hyatella sp. and Psammocinia sp.) sig-
nificantly reduce biofilm formation and destruction against
WHO declared priority pathogens without exhibiting anti-
bacterial effect [39]. These obtained results provide further
supports to demonstrate the effective antibiofilm potential
without display an antibacterial effect against tested path-
ogen PAO1. Further deeper insight into the structure and
activity of the biosurfactant from the isolate JCG-23 can
pave the way for developing novel bioactive agents that can
target the biofilm-forming pathogens.

Cobetia sp. is not previously known for producing antibi-
ofilm biosurfactants derived from symbiotically associated
marine sponges. Although Cobetia sp. strain MM 1DA2H-1
has been documented in hydrocarbon-contaminated envi-
ronments [12], our study is the first to unveil its potential in
antibiofilm biosurfactant production. Notably, the biosur-
factant from Cobetia sp. JCG-23 displays a markedly lower
surface tension of 22 Nm’1 compared to SDS at 42 Nm1,
indicating its potential as a biosurfactant producer. Moreo-
ver, this strain may enhance the availability of poorly soluble
hydrocarbon substrates for effective utilization within hydro-
carbon-contaminated sites. Our investigation demonstrates
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that the biosurfactant secreted by this strain significantly
diminishes Pseudomonas aeruginosa PAO1 biofilm on glass
surfaces without exerting an antibacterial effect. This unique
bioactivity holds promise for biomedical applications, offer-
ing a means to target biofilm-forming pathogens on surfaces
and medical devices. The biosurfactant exhibited stability
across wide pH ranges, temperatures, and NaCl concentra-
tions. Stability studies for this biosurfactant derived from
Cobetia sp. have not discussed in the literature. These physi-
ological attributes of the biosurfactant derived from Cobetia
sp. have broader implications, including mitigating oceanic
oil spills. The findings underscore the potential of Cobetia
sp. JCG-23 derived biosurfactant is a compelling alternative
to antibiotics and chemically synthesized drugs, effectively
combating biofilm-forming pathogens.

4 Conclusion

In this study, a potential biosurfactant was isolated from
marine Cobetia sp. JCG-23, a symbiotic-associated bacte-
ria. The biosurfactant was identified as octadecanoic acid
of long-chain hydroxyl fatty acid that exerts strong anti-bio-
film activity against Pseudomonas aeruginosa PAO1. Con-
sequently, this surface-active compound can be exploited
for biopharmaceutical and other applications. However, the
mechanism of action of biosurfactants is not elucidated;
more studies need to be carried out for deeper insights.
Interestingly, this biosurfactant withstands at ranges of pH,
temperatures, and NaCl concentration. Perhaps, our study
suggested that the biosurfactant produced by Cobetia sp.
JCG-23 is non-hemolytic potential and is highly stable for
wider physiological conditions. Further investigation of the
biosurfactant in the Cobetia sp. JCG-23 will facilitate the
future lead molecule development against biofilm-forming
pathogens.
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