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Abstract- The present study reports assessment of the antibiofilm activity of endophytic fungi on quorum sensing controlled
biofilm formation in Pseudomonas aeruginosa MTCC 2453. Endophytic fungi isolated from agriculture field were evaluated
for antibiofilm activity. After fermentation in sucrose broth, biofilm formation inhibitors from endophytic fungi were extracted
using ethyl acetate. The active extract from each endophytic fungus was assayed for inhibition of biofilm formation using
biosensor strain Pseudomonas aeruginosa. At highest tested concentration (200ug/ml) of both fungal extract and biocidal
agent, the extract from Fusarium sp.1 demonstrated maximum inhibition in biofilm formation (49.65%) and minimum
inhibition by Colletotrichum sp. extract (18.21%) and inhibition was significant at (P < 0.05). Similarly at highest tested
concentration (200ug/ml) of fungal extract alone, the maximum percent decrease (18.90%) was observed in P. aeruginosa by
Phoma sp. extract and minimum inhibition by Penicillium sp extract (4.00%) with no statistical difference. On the other hand
extract from Aspergillus sp.2 was found to show no antibiofilm activity but exhibit stimulatory effect on biofilm formation
extract (-4.78%). Combined effect of active fungal extract and biocidal agent resulted in significantly more percent biofilm
inhibition as compared to fungal extract alone. The action of one or more active compounds extracted from endophytic fungi
may be responsible for antibiofilm activity. Such compounds could be effective against emerging multidrug resistant
pathogens.
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I. INTRODUCTION

Biofilm is a sticky, firm structure formed due to communal interaction of bacteria attached to substrate surface and submerged
into extracellular slimy conglomerations [1], [2]. The process of attachment of biofilm to surfaces, a sequential process, where
bacteria firstly are transported to living or nonliving surfaces and then adhere to it and formed microcolonies which then
mature into aggregate in a hydrated polymeric matrix called Biofilms [3],[4],[5].

Biofilm forming bacteria are highly resistant to antimicrobial compounds, protecting themselves from negative impact of
environment [6]. In addition to numerous chronic infections, biofilm also responsible for various infections of biomaterial used
in medicine, such as catheters, medical devices and contact lenses [7]. Pseudomonas aeruginosa is Gram-negative bacterium
and an increasingly prevalent opportunistic human pathogen, causing the majority of hospital infections and emerge as
antibacterial drug resistant bacterium [8], [9], [10]. Certainly new alternatives to the currently available broad-spectrum
antibiotics have to be developed, which should not kill the bacteria instead inhibit the pathogenicity of P. aeruginosa.

There is a group of fungi residing inside higher plants without causing any harm to them (endophytic fungi). Such plant
endophytes being a large and mostly unexplored group require special attention for research as they have the special ability to
safeguard its host against pathogens and herbivores with enormous number of varied bioactive compounds which have
been produced by them. These varied bioactive compounds have potential therapeutic value leading to discovery of
novel metabolites, and more specifically novel antibiotics. The novel bioactive metabolite extracted from Colletotrichum
gloeosporioides serve as a possible origin of new antibiotics [11]. Plant endophytic fungi are microorganisms that colonize
the inside of host healthy plant tissues, spending all or part of their lifecycle within the intercellular region of the plant
parts, mostly in leaf, bark and root system typically causing no apparent disease symptoms [12], [13].
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In comparison to any other endophytic microorganism group, the number of active compounds synthesized by endophytic
fungi particularly is at greater extent. In the studies of Buatong et al. [14], the broadest antimicrobial spectrum was obtained
against Gram-positive bacteria and narrow to mid range activity against Gram-negative bacteria by crude extracts from
mangrove fungal endophytes [15]. A. J. Martin-Rodriguez et al. [16] reported the presence of potentially novel secondary
metabolites extracted from marine endophytic fungi for QS inhibition in Chromobacterium violaceum CVO26.

There were limited reports available on antibiofilm activity of endophytic fungi and particularly endophytes isolated from
agriculture field plant. Therefore present study was an attempt to screen endophytic fungi for the presence of active compounds
against P. aeruginosa. The current study was aimed to assess the Anti-biofilm activity of endophytic fungi on quorum sensing
controlled biofilm formation in P. aeruginosa tester strain.

Il. MATERIALS AND METHODS

Endophytic fungi isolated from agriculture field used for the study were Aspergillus sp.1, Penicillium sp., Aspergillus sp.,
Pestalotiopsis sp., Trichoderma sp, Phomopsis sp., Fusarium sp.1, Colletotrichum sp., Fusarium sp.2 and Phoma sp.

Quorum sensing inhibitors from endophytic fungi

Bacterial strains

The bacterial strain used for QS inhibition assays was Pseudomonas aeruginosa MTCC 2453. The bacterial strain was stored
in 40% glycerol stock at -20°C and was cultured in Luria—Bertani (LB) broth prior to use.

Liquid state Fermentation

Sucrose broth (50ml) was prepared in a 250 ml conical flask. All the isolated endophytic fungi was inoculated and then
incubated at 30 °C for 24 hours. After incubation the same culture (2% v/v) transferred into 50 ml sucrose broth and incubated
at 30 °C in an orbital shaker incubator at 140 rpm for 5 days incubation [17].

Extraction of quorum sensing inhibitors

After fermentation, the cells were filtered using Whatman filter paper and the filtrate was extracted with an equal amount of
ethyl acetate. Then, the concentration of organic phase was done by evaporation and the residue was dissolved in sterile
Dimethyl Sulphoxide (DMSO) and kept in a deep freezer for further use [18].

Biofilm inhibition assay using different extracts of the endophyte

Biofilm inhibition assay of Pseudomonas aeruginosa MTCC 2453 was performed using various extracts of endophytic fungi. A
24 hours old culture of Pseudomonas aeruginosa was taken and diluted with LB broth in the ratio of 1:100 and incubated for
another hour. The fungal extracts were prepared in nine (9) six-well lanes of a 96-well microtiter plate (0, 12.5, 25, 50, 75,100
and 200 pugm/L) at 150 pL each using LB broth as diluent and 50 pL aliquots of culture were seeded into the wells of the
microtiter plate and then the plate was given incubation for 48 hrs at 37 °C. Thereafter, culture medium was removed from the
microtitre plate and the wells were washed with 200uL of Phosphate Buffer saline (PBS). PBS was removed and 1% (w/v)
crystal violet (CV) (100uL) was added to stain the polysaccharides of the biofilm. Following staining at room temperature for
20 min, the dye was removed. The wells were washed thoroughly with sterile water and drained upside down on paper towels.
For quantification of attached cells the bound CV was solubilised in dimethyl sulfoxide (DMSO) and the plate was agitated on
orbital shaker until colour is uniform. The OD of each well was determined at 570 nm. A separate procedure was done to
assess biofilm sensitivity to biocidal agents. The same process was repeated until the growth of biofilms but after discarding the
medium and washing with distilled water, the wells was washed with 1% sodium dodecyl sulfate (SDS) to disrupt the biofilms
that formed in the walls. The same steps for staining, washing and quantification were followed as mentioned above [19].

Culture with no added endophytic fungal extract with the media considered as control [20]. The percent of biofilm inhibition
was evaluated using the following formula.

% of biofilm inhibition = 100 x ([Control OD570 nm — Test OD570 nm]/Control OD570 nm)
Statistical analysis
All experiments were performed in three replicated and the data was presented as Mean (SD). The data were analyzed for

statistical significance using analysis variance (One way ANOVA) by Tukey test using SPSS 20.0 and Microsoft excel 2007 to
compare the treatment group with their respective controls. The results are significant at P < 0.05.
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Antibiofilm activity of active fraction of different fungal extracts

The in vitro biofilm inhibition activity of the active fraction was evaluated at their respective concentration range (0, 12.5, 25,
50, 100 and 200 pg/ml) against the test bacterial strain. The different extracts exhibited varying degree of inhibitory effect on
bacterial biofilm formation and results are presented in Table 1. In fungal extract and Biocidal agent treatment and at highest
tested concentration (200 pg/ml), the percent decrease in biofilm formation of Pseudomonas aeruginosa was ranged from
18.21 to 49.65. The extract from Fusarium sp.2 demonstrated maximum inhibition in biofilm formation (49.65%), followed by
Pestalotiopsis sp extract (44.47%) > Phoma sp extract (39.61%) > Aspergillus spl extract (39.37%) > Fusarium sp.1 extract
(34.25%) > Trichoderma sp extract (33.06%) > Penicillium sp extract (26.65%) > Aspergillus sp2 extract (24.08%) >
Phomopsis sp extract (22.18%) and minimum inhibition by Colletotrichum sp extract (18.21%) (Figurel). Similar studies were
done by Meenambiga and Rajagopal [20] in which various solvent extracts of fungal endophyte Aspergillus nidulans has good
inhibitory activity on the biofilm forming Candida albicans strain. In present study, the inhibition was found to be
concentration dependent and was significant at (P < 0.05) except percentage value for Penicillium sp extract.

When only fungal extract treatment given, the percentage for inhibition of biofilm formation of test bacterial strain, at highest
tested concentration (200pug/ml) was ranged from 4.00 to 18.90. The maximum percent decrease (18.90) was observed in
Pseudomonas aeruginosa by Phoma sp extract, followed by Fusarium sp.2 extract (16.90%) > Fusarium sp.1 extract (14.94%)
> Aspergillus spl extract (14.11%) > Phomopsis sp extract (9.70%) > Pestalotiopsis sp extract (8.63%) > Colletotrichum sp
extract (8.52%) > Trichoderma sp extract (7.19%) and minimum inhibition by F2 extract Penicillium sp. The results are
presented in Table 2. Chari Nithya et al. [21] reported Chlamydomonas sp. extract have the potential for biofilm inhibition
against P. aeruginosa PA14 and P. aeruginosa ATCC 10145. On the other hand extract from Aspergillus sp2 was found to
show no antibiofilm activity but exhibiting stimulatory effect on biofilm formation extract (-4.78%). The inhibition was found
to be concentration dependent and was significant at (P < 0.05) except the percentage value obtained for extracts of Aspergillus
spl, Penicillium sp, Aspergillus sp1, Trichoderma sp and Phoma sp indicated no statistical difference (Figure2).

Tablel. Effect of increasing concentration of different fungal extracts on biofilm formation by Pseudomonas aeruginosa (With
Biocidal treatment)
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Biofilm formation is expressed as OD 570 after incubation with crystal violet.

The data represent mean value of three independent experiments. *significance at P = 0.05, ** significance at P = 0.01, ***
significance at P = 0.005.

The value in parenthesis represents percent reduction over control.
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Figurel. Effect of concentration (0-200 pg/ml) of different fungal extracts on biofilm formation by Pseudomonas aeruginosa
(With Biocidal treatment)

Table2. Effect of increasing concentration of different fungal extracts on biofilm formation by Pseudomonas aeruginosa
(Without Biocidal treatment)
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C
Biofilm formation is expressed as OD 570 after incubation with crystal violet.

The data represent mean value of three independent experiments. *significance at P = 0.05, ** significance at P = 0.01, ***
significance at P = 0.005.
The value in parenthesis represents percent reduction over control.
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Figure2. Effect of concentration (0-200 pg/ml) of different fungal extracts on biofilm formation by Pseudomonas aeruginosa
(Without Biocidal treatment)

IV. CONCLUSION

In this investigation, the aim was to evaluate potential of endophytic fungi to inhibit biofilm formation by P. Aeruginosa. This
study has identified maximum anti-biofilm activity by combined effect of Fusarium sp.1 and biocidal agent whereas fungal
extract of Phoma sp. alone also showed maximum anti-biofilm activity. These findings suggest that, in general, the inhibition
of production of QS linked virulence factor i.e. biofilm in P. aeruginosa tester strain. This has clearly demonstrated broad
spectrum anti-QS role of extracts in pathogenic bacterium. Compared to combined effect, effect of the fungal extract alone
demonstrated significantly less percent inhibition in biofilm formation. Further studies on purification and identification of
active compound(s) need to be carried out in order to validate efficacy of fungal extract. Antibiofilm activity of fungal extracts
may be attributed to the action of active compounds or cumulative effect of more than one constituent. The presence of such
active compounds is always being an added advantage for chemotherapeutic efficacy of bioactive extracts. Use of such
compounds could be one of the treatment tools against emerging multidrug resistant pathogens.
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