
Quorum sensing (QS) can be defined as
density dependent signaling system that helps the
coordinated regulation of gene expression by the

production, release, and recognition of signal
molecules called autoinducers1. One of the most
well studied QS signal molecules (autoinducer) are
N-acylhomoserine lactones (AHL)2. AHLs are
highly conserved molecules having the common
homoserine lactone moiety but differ in the length
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and structure of the acyl side chain3. Synthesis of
AHL molecules involves LuxI synthase that uses
S-adenosylmethionine and fatty acid biosynthesis
intermediate  as substrates. The generated AHL
molecules bind to LuxR receptor protein followed
by subsequent regulation of downstream gene
expressions. Each receptor protein is highly
selective for its cognate AHL signal molecule4. The
complex of signaling molecules and receptor
proteins trigger the expression of specific genes
responsible for various phenotypes including
violacein pigment in Chromobacterium violaceum
(CviI/R), virulence factors production and biofilm
formation in Pseudomonas aeruginosa (LasI/R).
QS also regulates certain bacterial behaviours that
have great economic impacts like food spoilage,
aquaculture, water purification, ship industry, etc.5.

QS plays a key role in bacterial
pathogenesis by coordinating the expression of
virulence genes that are responsible for the
invasion and colonization of the pathogenic
bacteria in higher organisms6.  Ability of the
pathogenic strains of P. aeruginosa to form biofilms
leads to reduced susceptibility of the pathogen
towards antibiotics and causes severe chronic
infections. Since virulence factors like elastase,
protease, motility and biofilm formation in P.
aeruginosa are regulated by quorum sensing, thus
the discovery of anti-QS compounds can be of
great interest in the treatment of biofilm-associated
chronic infections7.

The potential for microbiological
degradation of quorum sensing is important for
several reasons and since the signal AHL-mediated
QS mechanisms are widespread and highly
conserved in many pathogenic bacteria, they can
be attractive targets for novel anti-infective
therapies8.  Quorum quenching (QQ) is term given
to the interference of QS by molecules produced
by prokaryotes and eukaryotes. This QQ
mechanism plays an important role in microbe-
microbe and pathogen-host interactions. Over the
last decade, workers all over the world have
documented a wide range of AHL degrading
microbes. Halogenated furanones from marine red
macroalgae Delisea pulchra were the first reported
quenchers of quorum sensing9, 10. Since then, N-
acyl-homoserine lactone acylase from Ralstonia
sp. XJ12B and Bacillus pumilus11, 12, N-acyl
homoserine lactonases from Bacillus species, B.

thuringiensis,  B. subtilis and B. cereus13-16 and
culture extracts of Bacillus and Paenibacillus
spp.17, 18  have been reported for their quorum
quenching activity.

Soil is a major source of bacteria that
synthesize a wide range of compounds with wide
range of biological activities19. Consequently, we
have also explored a novel rhizospheric
environment (date palm) in search of quorum
quenching bacterial communities. The date palm
(family Arecaceae) is the primary fruit crop of the
Middle East. Saudi Arabia is one of the major date
producing countries in the world. The tree is valued
mainly for its fruits (date) as well as for its
ornamental value across Saudi Arabia20.
Considering the importance of date plants in Saudi
Arabia an investigation, targeting rhizospheric
bacteria as sources of diverse quorum-quenching
agents against Chromobacterium violaceum (CV
12472 and CVO26) and Pseudomonas aeruginosa
PAO1 was planned. In the present study, Bacillus
amyloliquefaceins SBF1 demonstrated a significant
decrease in the production of QS controlled
violacein pigment in biosensor strains CV 12472
and CVO26 strains. Furthermore, the SBF1 strain
showed inhibition of QS-controlled virulence
factors in P. aeruginosa PAO1. The study for the
first time demonstrates the quorum quenching
potential of Bacillus amyloliquefaceins SBF1
isolated from rhizospheric soil of date palm in Saudi
Arabia.

MATERIALS   AND  METHODS

Bacterial strains and growth conditions
C. violaceum 12472 is a wild-type strain

producing QS regulated purple colored pigment,
violacein. It produces and responds to cognate C

4

and C
6 
Acyl homoserine lactone (AHL) molecules.

Chromobacterium violaceum CVO26 is a Tn5
mutant strain, produces the purple pigment
violacein upon induction with externally added
short-chain autoinducers21. P. aeruginosa PAO1
is pathogenic bacteria and many of its virulence
factors and traits are QS controlled. All strains were
maintained on Luria Bertani or LB broth (15.0 g
tryptone, 0.5% yeast extract, 0.5% NaCl) solidified
with 1.5% agar (Hi-media). C. violaceum 12472, C.
violaceum CVO26 and P. aeruginosa (PAO1)
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strains were cultivated at 28 °C and 37 °C
respectively.
Bacterial screening for quorum quenching (QQ)
activity

A total of 52 bacteria isolated from the
rhizospheric soil of date palm trees were screened
for their anti-QS activity against Chromobacterium
violaceum CV12472 biosensor strain. To screen
for bacterial that quenched AHL-mediated
violacein production, the bacterial isolates were
spotted on to the centre of the LB agar plate and
incubated overnight at an appropriate temperature
(all our isolates grew at 30ºC). Following overnight
incubation the test organisms were overlaid with 5
ml LB soft agar (0.5% w/v agar) cooled to 45 ºC
containing 106 CFU/ml of the indicator organisms
C. violaceum ATCC 1247222.  A positive QQ result
was indicated by the lack of pigmentation of the
indicator strain. C. violaceum 12472 was used as
negative control as it produces cognates C

6 
AHL

and therefore would not inhibit its own QS.
Bacterial characterization

Among bacterial strains screened, the
strain SBF1 showing highest quorum quenching
activity was selected for further characterization.
The strain SBF1 was identified by the
morphological, physiological and biochemical tests
which included Gram reaction, citrate utilization
test, indole production test, methyl red test, nitrate
reduction, Voges Proskauer, catalase test,
carbohydrates (dextrose, mannitol and sucrose)
utilization test, starch hydrolysis, and gelatin
liquefaction test. These tests were performed
following the standard methods outlined in
Bergey’s Manual of Determinative Bacteriology.
16S rDNA based identification

The sequencing of 16S rDNA of the strain
SBF1 was done commercially by DNA Sequencing
Service, Macrogen, Inc., Seoul, South Korea using
universal primers, 518F (5’ CCAGCAGCCGC
GGTAATACG3’) and 800R (5’TACCAGGGT
ATCTAATCC3’). Later, nucleotide sequence data
was deposited in the Gen-Bank sequence
database.

The online program BLAST was used to
find out the related sequences with known
taxonomic information in the databank at NCBI
website (http://www.ncbi.nlm.nih.gov/BLAST) to
accurately identify the strain SBF1.

Quantitative estimation of violacein
Extent of violacein production by C.

violaceum (CV12472) in presence of bacterial
extract was studied by extracting violacein and
quantifying photometrically using method
described by Husain and Ahmad23 with little
modifications. Briefly, 50 µl of freshly grown culture
was inoculated in LB broth with or without culture
extract and incubated at 28 ºC till complete
pigmentation was achieved in untreated culture
(approx 24 h). The treated and untreated cultures
were incubated at room temperature after lysis with
10% SDS.  Further, 900 µl of water saturated butanol
was added to cell lysate, vortexed for 5s and
centrifuged at 13,000 x g for 5 min. The butanol
phase containing the violacein was collected, and
absorbance was read at 585 nm in Spectronic 20
D+.
Qualitative analysis of Quorum quenching using
CVO26

Anti-QS activity of B. amyloliquefaciens
culture extract using CVO26 was assayed by agar
well diffusion method in the presence of synthetic
C6-HSL. Briefly, LB agar plates were spread with
0.1 ml of freshly grown cultures and 8-mm diameter
wells were cut and loaded with varying
concentrations of the culture extract (.75-6 mg/ml).
Elastase assay

The elastolytic activity of Pseudomonas
aeruginosa suspension in the presence and
absence of SBF1 extract was determined with the
elastin Congo red (ECR; Sigma,) assay17. A 100 µL
aliquot of PAO1 supernatant (treated and
untreated) of 16-h culture was added to 900 µl of
ECR buffer (100 mM Tris, 1 mM CaCl

2
, pH 7.5)

containing 20 mg of ECR and then incubated with
shaking at 37 °C for 3 h. Insoluble ECR was removed
by centrifugation, and the absorption of the
supernatant was measured at 495 nm. LB medium
was used as a negative control.
Total proteolytic activity

Pseudomonas aeruginosa PAO1 was
grown overnight at the given temperature in LB-
broth with or without SBF1 extract. Cells were
removed from the medium by centrifugation, and
50-µl aliquots of supernatant were taken for assay;
500 µl of 0.25% (wt/vol) azocasein (Sigma-Aldrich
Ltd. St. Louis, MO USA) in 0.1 M sodium citrate
(pH 6) was added to each supernatant aliquot to
be tested and incubated at 37°C for 2 h. The
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protease reaction was stopped, and protein was
precipitated, by the addition of 550 µl l of ice-cold
10% (wt/vol) trichloroacetic acid (TCA) followed
by incubation on ice for 15 min. Azodye released
by the action of proteases in supernatant aliquots
was determined at OD

366
 after the removal of

precipitated protein by centrifugation12.
Pyocyanin quantification

The pyocyanin assay according the
method described by Husain et al.24. Briefly, 5-ml
supernatant (with or without culture extract) from
stationary-phase culture of PAO1 (16 h) in LB broth
was mixed with 3 ml of chloroform. The pyocyanin
from the chloroform phase was then extracted into
1 ml of 0.2 N HCl, giving it a pink to deep red color,
indicating the presence of pyocyanin. The
absorbance was measured at 520 nm.
Concentration, expressed as micrograms of
pyocyanin produced per mL of culture supernatant
was determined by multiplying the optical density
at 520 nm by 17.072.
Swarming motility assay

The method described by Vattem et al.25

was used in this assay with slight modification.
Different concentrations of bacterial extract were
mixed with 0.5% LB agar separately and were
poured into plates, point inoculated with PAO1
and CV12472 and incubated at 37°C for 48 h. The
extent of swarming was determined by measuring
the diameter of swarm and compared with control.
Biofilm inhibition assay

The effect of SBF1 extract on biofilm
formation of PAO1 was measured using the
microtiter plate assay26. Briefly, overnight cultures
of PAO1 were resuspended in fresh LB medium in
the presence and the absence of culture extract.
After 24-h incubation at 30 °C, the biofilms in the
microtiter plates were visualized by staining with a
crystal violet solution. The plates were rinsed to
remove planktonic cells, and the surface-attached
cells were then quantified by solubilizing the dye
in ethanol and measuring the absorbance at OD

470
.

Identification of AHL degrading enzyme
To find out the AHL degradation enzyme,

supernatant of untreated and treated PAO1 was
acidified with 10 mM HCl to bring down the pH to
2 and incubated for 48 h at 4 °C as described by
Yates et al.27. The acidified mixture was spotted on
to the TLC plates and revealed using biosensor
CVO26. After overnight incubation, production of

violacein by CVO26 confirmed that the degradation
activity was AHL lactonase.

RESULTS

In the present investigation a total of 52
Gram positive Bacilli isolated from the rhizospheric
soil of date palm tree were screened for their anti-
quorum sensing activity using the CV12472 test
system. Eleven isolates (21%) demonstrated
varying levels of pigment inhibition (quorum
quenching). The QQ activity of the soil isolates
were characterized as low (1+), moderate (2+) and
high (3+) depending upon the zone of  pigment
inhibition. Isolate SBF1 demonstrated highest
pigment inhibition activity and this isolate was
selected for further studies (Figure 1).
Characterization and molecular identification of
the Strains SBF1

The strains were characterized both by
biochemical and molecular methods. The strain
SBF1 was characterized and identified by using
standard morphological, physiological and
biochemical tests. The characteristics of the strain
SBF1 are described in Table 1. On the basis of
these features, SBF1 was tentatively identified as
Bacillus sp. To further confirm the identity of the
strain 16S rDNA sequence analysis of this strain
was performed. 16S rDNA of the strain was found
to be approximately 1000 bp in size. The sequences
of 16S rDNA of this strain were submitted to Gen-
Bank (Gen-Bank accession number  KC494392). A
similarity search was performed by using the
BLAST program that indicated the strain SBF1
shared a close relationship with the DNA sequence
of Bacillus amyloliquefaciens CJ20 (16S: 98%
similarity with the reference strain JQ936678) in
NCBI database. Similar high values confirmed the
strain SBF1 to be Bacillus amyloliquefaciens.
Phylogenetic analysis supported the conclusion
that SBF1 is a strain of Bacillus amyloliquefaciens
(Figure 2). Hence, SBF1 was named Bacillus
amyloliquefaciens SBF1.
Violacein quantification assay

The quorum quenching activity of the
Bacillus amyloliquefaciens SBF1 strain was
determined by the analysis of violacein production
in CV12472. The results of the violacein
quantification assay is depicted in the Table 2. The
extract of SBF1 exhibited concentration dependent
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Table 1. Morphological and biochemical
characteristics of Bacillus

amyloliquefaciens SBF1 strain

Characteristics Strain SBF1

Morphological
Gram reaction +ve
Cell shape Rod
Biochemical
Indole -
Methyl red -
Voges Proskauer +
Citrate utilization +
Catalase +
Oxidase +
Nitrate reduction +
Carbohydrate utilization
Glucose +
Fructose +
Sucrose +
Mannitol +
Hydrolysis
Starch +
Gelatin +

+ indicates positive and – indicates negative
reactions

Table 2. Concentration-dependent inhibition of violacein by SBF1 in CV12472

Concentration of OD of violacein Reduction in absorbance Cell viability
extract (mg/ml) at 585 nm of violacein (%) (log CFU ml-1 at 105 dilution)

Control 0.185±0.003 8.50
0.75 0.101±0.007 45 8.50
1.5 0.067±0.005 67 8.49
3 0.048±0.006 74 8.49
6 0.039±0.005 79 8.49

The data represents mean values of three independent experiments. *, significance at p   0.05,
**, significance at p  0.005

decrease in the production of violacein and
significant reduction was recorded at all tested
concentrations. Violacein production dropped by
up to 45, 67, 74 and 79% at 0.75, 1.5, 3 and 6 mg/ml,
respectively. Viable cell count performed on LB
agar plates at 24 h incubation showed no significant
difference in the number of colony forming units
(CFU) between the treated and untreated C.

violaceum strain (Table 2). This confirms that the
decreased production of violacein by extract is not
due to the reduction in number of the bacteria.

Further, the effect of different
concentrations of the culture extract on violacein
production was also studied using agar well
method in CVO26. A representative result is shown
in Figure 3. Nearly all C6-HSL was degraded after
incubating with SBF1 extarct indicating AHL
degradation.
Effect on QS-regulated virulence factors of PAO1

A significant decrease in LasB elastase
activity was observed in the culture supernatant
of PAO1 treated with B. amyloliquefaciens SBF1
extract. Maximum of 63.8% inhibition was observed
at the highest tested concentration (6 mg/ml).
Inhibition was also significant (49.6%) at 3 mg/ml
concentration while at lower concentrations the
decrease in elastase activity was statistically
insignificant (Table 3).

Significant dose-dependent reduction of
azo-casein degrading proteolytic activity was
observed at all tested concentrations.  The findings
of the present investigation showed 34.3%, 53.6%,
73.1% and 84.4% decrease in total protease
production when treated with 0.75, 1.5, 3 and 6 mg/
ml concentrations, respectively (Table 3).

To assess the effect of the culture extract
on the pyocyanin production, the PAO1 cells were
cultivated in the presence and absence of SBF1
extract. Culture extract (0.5-6 mg/ml )treated  PAO1
supernatants demonstrated significant decrease
in pyocyanin production ranging from 32.7–63.7%
as compared to untreated control.
Swarming inhibition assay

Effeciency of SBF1 extract was also tested
on the swarming motility of CV12472 and PAO1.
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Table 3. Effect of B. amyloliquefaciens SBF1 extract on
QS regulated virulence factors of P. aeruginosa PAO1

Concentration of Elastase Total Pyocyanin
extract (mg/ml) activitya proteaseb productionc

Control 0.163±0.017 1.110±0.034 5.8±0.28
0.75 0.155±0.011 (4.9) 0.729±0.039  (34.3)* 3.9±0.30 (32.7)
1.5 0.121±0.009 (25.7) 0.515±0.018  (53.6)** 3.3±0.15 (43.1)*
3 0.082±0.005 (49.6)* 0.298±0.007 (73.1)*** 2.6±0.25 (55.1)*
6 0.059±0.009 (63.8)** 0.176±0.015 (84.4)*** 2.1±0.30 (63.7)*

aElastase activity is expressed as the absorbance at OD
495

.
bTotal protease activity is expressed as the absorbance at OD

600.
cPyocyanin concentrations were expressed as micrograms of pyocyanin produced per microgram
of total protein.
The data represents mean values of three independent experiments. *, significance at p  0.05,
**, significance at p d”0.005, *** significance at p  0.001
Values in the parentheses indicate percent reduction over control

Table 4. Effect of SBF1 extract at sub-inhibitory concentrations
on swarming motility of bacterial pathogens

Concentration of                     Diameter of the swarm (mm)
extract (mg/ml) C. violaceum CV12472 P. aeruginosa PAO1

Control 31±2.8 48±3.5
0.75 25±1.2 (19.3) 45±2.4 (6.2)
1.5 20±1.2 (35.4)* 39±3.0 (18.7)
3 17±2.0 (45.1)* 23±1.6 (52)**
6 10±0.8 (67.7)** 14±1.2 (70.8)***

The data represents mean values of three independent experiments.
*, significance at p  0.05, **, significance at p  0.005, *** significance at
p  0.001 Values in the parentheses indicate percent reduction over control

The addition of SBF1 supernatant showed a dose
dependent decrease in the swarming migration of
CV12472. The maximum inhibition of 67.7% in
swarm was recorded at 6 mg/ml extract
concentration (Fig 4A, B). Significant reduction of
35.4% and 45.2% was also recorded at 1.5 and 3
mg/ml concentration, respectively. Similar dose
dependent decrease in swarming motility was
observed in SBF1 treated P. aeruginosa PAO1. The
maximum reduction (70.8%) in swarm diameter was
recorded at highest tested concentration (6 mg/
ml). At 3 mg/ml extract concentration statistically
significant decrease (52%) was recorded while at
lower concentrations insignificant reduction was
observed (Table 4, Figure 4 C, D).
Biofilm inhibition assay

Since biofilm formnation in P. aeruginosa
is QS dependent, therefore SBF1 extract was used

to study its effect on biofilm formed by the pathogen
PAO1. Microtiter plate quantitative assay showed
that treatment with 0.75, 1.5, 3 and 6 mg/ml of SBF1
extracts resulted in dose dependent reduction in
biofilm formation in the order of 14.8%, 35.7%, 51.5%
and 60.6%, respectively. Biofilm formation was
significantly impaired at 3 and 6 mg/ml
concentration of the SBF1 extract only (Figure 5).
Identification of AHL degrading enzyme

Activity of lactonase enzyme convert
AHLs into their inactive open ring form. This
cognate N-acyl homoserine derivative does not
act as a QS signal molecule. Therefore to test the
presence of lactonase enzyme in SBF1, procedure
described in the material method section was
adopted. Violacein production was observed when
the biosensor CVO26 was tested with acidified
AHL extracted from SBF1 treated P. aeruginosa
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Fig. 1. (A) Screening of soil bacteria for anti-QS activity
a. Positive control; b. isolate with positive anti-QS
activity; c. isolate with no activity. (B) Anti-QS activity
of SBF1 strain

Fig. 2. Phylogenetic tree constructed by neighbor-joining
analysis based on the 16S rDNA sequences depicting
the phylogenetic relationship of strain SBF1 with
closely related taxa. Bar represents evolutionary
distance as 0.01 change per nucleotide position.
Bootstrap values (%) over 50% from 1,000 replications
are shown

Fig. 3. Inhibition of violacein production in CVO26 by
SBF1 (A) control, violacein synthesis by CVO26 in the
presence of 10 µM N-Hexanoyl-homoserine lactones
(HHL) (B) (a) reduction in violacein synthesis in the
presence of 1.5 mg/ml (b) 3 mg/ml (c) 6 mg/ml culture
extract

Fig. 4. Inhibition of swarming motility of test pathogens
(A, C) untreated control of CV12472 and PAO1 (B, D)
SBF1 (6 mg/ml) extract treat plates of CV12472 and
PAO1

PAO1, suggesting the presence of lactonase
activity in the SBF1 (Figure 6). This is probably
the first time that B. amyloliquefaciens has been
reported for its AHL degrading lactonase activity.

DISCUSSION

The results of the present investigation
suggest that the presence of quorum quenching
bacteria from soil is more ubiquitous and diverse
as for the first time QQ bacteria has been reported
from date palm rhizosphere. It has been reported
that about 5% of several hundred soil bacteria
tested were able to inactivate AHLs (Dong et al.
2002). Recently it was also reported that Bacillus
cereus isolated from the forest soil displayed rapid
AHL degrading activity16. It has previously been

proven that in C. violaceum, the CviIR-dependent
QS system coordinates the production of violacein
pigment, and the compound, which has the ability
to inhibit the violacein production without any
antibacterial activity, is considered to be the
promising quorum quencher28. Here we observed
significant dose dependent inhibition of AHL
regulated violacein production in
Chromobacterium violaceum strains in liquid and
agar well assay. Our results find support from the
observations with B. pumilus12 and Bacillus spp.
SS417 which demonstrated significant reduction in
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Fig. 5. Effect of SBF1 extract on biofilm formation of P.
aeruginosa PAO1. The data represents mean values of
three independent experiments. *, significance at p
d”0.05, **

Fig. 6. TLC plate showing production of violacein after
AHL acidification (ring closure) assay

violacein. There are numerous reports on the
quorum quenching activity of Bacillus sp. but this
is the first report on the B. amyloliquefaciens.

The LasIR-encoded protease and elastase
play a key role in the pathogenesis of PAO129.
These enzymes degrade the structural components
of the infected tissue and enhance the growth and
invasiveness of the organism. In this investigation,
the extract of SBF1 demonstrated a dose-
dependent inhibition of total protease, elastase in
PAO1, as shown in table 3. Our observations find
support from the report on soil bacteria
Paenibacillus strain 139SI that showed significant
decrease in the activities of QS-controlled LasB
elastase of P. aeruginosa. Similar inhibition of
virulence factors in PAO1 by the culture of marine
bacteria B. pumilus, Bacillus spp. SS4 and
Paenibacillus spp. was reported by Nithya et al.12,
Musthafa et al.17 and Alasil et al.18, respectively.
The rhl QS system in P. aeruginosa consisting of
rhlI in conjunction with RhlR, activates expression
of pyocyanin production30. Pyocyanin is an
important virulence factor in pathogenesis of P.
aeruginosa as some of its metabolite causes severe
toxic effects by damaging the neutrophil-mediated
host defense in patients with cystic fibrosis31. The
extract of SBF1 demonstrated significant reduction
in pyocyanin production indicating the extract is
acting on the rhl system also.

QS-dependent flagellar and pili

dependent motility called swarming is considered
as one of the virulence factors because it is
involved in biofilm formation through mass
translocation of cells, relying on expression of
biosurfactant molecules. Expressions of this
behaviors is mediated by AHL-dependent QS
system32. Hence, any compound that inhibits
swarming motility is expected to interfere with QS
and its regulated biofilm formation. In the present
study, the extract of SBF1 demonstrated
concentration dependent reduction in swarming
migration of P. aeruginosa  PAO1 and
Chromobacterium violaceum CV12472.

Biofilm formation is another important
component of P. aeruginosa pathogenicity as it
increases the survival capability of the bacteria by
providing a physical barrier against the entry of
antimicrobial agents, thereby developing
resistance to antibiotics. It is well known that las
system of P. aeruginosa QS circuit plays a crucial
role in the biofilm maturation33. Therefore, any
interference with the biofilm formation of the
pathogen is a direct evidence of QS inhibition. The
results of the present investigation revealed strong
biofilm inhibitory potential of Bacillus
amyloliquefaciens SBF1 strain against PAO1
biofilms in a concentration-dependent manner, as
depicted in Figure 5.

The AHL acidification (ring closure)
assay confirmed that the quorum quenching
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activity of SBF1 is due to lactonase activity. This
probably for the first time that AHL degrading
lactonase activity is reported in B.
amyloliquefaciens SBF1 strain. N-acyl homoserine
lactonase enzyme from Bacillus species, B.
thuringiensis, B. mycoides, B. subtilis and B.
cereus  have also been reported11, 13, 15, 16.

To conclude, the findings of this study
brings to light the ubiquitous and diverse nature
of soil bacteria involved in quorum quenching. The
B. amyloliquefaciens SBF1 isolated from
rhizospheric soil of date palm is reported to inhibit
QS regulated functions in C. violaceum and P.
aeruginosa biosensor strains. The results indicate
that the lactonase enzyme is responsible for the
QQ effect of the bacteria and the enzyme may have
broad-spectrum effects. Quorum quenching ability
of SBF1 can be exploited to treat bacterial
infections, to prevent food spoilage and in
bioremediation Further, biochemical and molecular
investigations are needed to confirm the exact
mechanism of this AHL degradation.

ACKNOWLEDGMENTS

The authors acknowledge the financial
support provided by the Department of Science
and Technology (DST), New Delhi, India, for
awarding the INSPIRE fellowship to FMH.

REFERENCES

1. Defoirdt, T., Boona, N., Bossierb, P., Verstraete,
W. Disruption of bacterial quorum sensing: an
unexplored strategy to fight infections in
aquaculture. Aquaculture., 2004; 240: 69–8.

2. Williams, P., Winzer, K., Chan, W.C., Cámara,
M. Look who’s talking: communication and
quorum sensing in the bacterial world. Phil.
Trans. R. Soc. B., 2007; 362: 1119-1134.

3. Swift, S., Karlyshev, A.V., Fish, L., Durant, E.L.,
Winson, M. K., et al. Quorum sensing in
Aeromonas hydrophila and Aeromonas
salmonicida: identification of the LuxRI
homologs AhyRI and AsaRI and their cognate
N-acylhomoserine lactone signal molecules. J.
Bacteriol., 1997; 179: 5271-5281.

4. Parsek, M.R., Val, D.L., Hanzelka, B.L., Cronan,
J.E., and Jr Greenberg, E.P. Acyl homoserine-
lactone quorum-sensing signal generation. Proc.
Natl. Acad. Sci. USA., 1999; 96: 4360-4365.

5. Kalia, V.C. Quorum sensing inhibitors: An

overview. Biotechnol. Adv., 2013; 31: 224-245.
6. Hentzer, M., Wu, H., Andersen, J.B., Riedel,

K., Rasmussen, T.B., et al. Attenuation of
Pseudomonas aeruginosa virulence by quorum
sensing inhibitors. EMBO J., 2003; 22: 3803-
3815.

7. Hentzer, M., Givskov, M. Pharmacological
inhibition of quorum sensing for the treatment
of chronic bacterial infections. J. Clin. Invest.,
2003; 112: 1300-1307.

8. Williams, P. Quorum sensing: an emerging target
for antibacterial chemotherapy? Expert Opin.
Ther. Targets., 2002; 6: 257–274

9. Manefield, M., de Nys, R., Kumar, N., Read,
R., Givskov, M., et al. Evidence that halogenated
furanones from Delisea pulchra inhibit acylated
homoserine lactone (AHL)-mediated gene
expression by displacing the AHL signal from
its receptor protein. Microbiol., 1999; 145: 283–
291.

10. Hentzer, M., Riedel, K., Rasmussen, T.B.,
Heydorn, A., Andersen, J.B., et al. Inhibition of
quorum sensing in Pseudomonas aeruginosa
biofilm bacteria by a halogenated furanone
compound. Microbiol., 2002; 148: 87-102.

11. Lin, Y.H., Xu, J.L., Hu, J.Y., Wang, L.H., Ong,
S.L., Leadbetter, J.R., Zhang, L.H. Acyl-
homoserine lactone acylase from Ralstonia strain
XJ12B represents a novel and potent class of
quorum-quenching enzymes. Mol. Microbiol.,
2003; 47: 849–860.

12. Nithya, C., Arvindaraja, C., Pandian, S.K.
Bacillus pumilus of Palk Bay origin inhibits
quorum-sensing-mediated virulence factors in
Gram-negative bacteria. Res. Microbiol., 2010;
161: 293-304.

13. Dong, Y.H., Gusti, A.R., Zhang, Q., Xu, J.L.,
Zhang, L.H. Identification of quorum quenching
N-acyl homoserine lactonases from Bacillus
species. Appl. Environ. Microbiol., 2002; 68:
1754–1759

14. Liu, D., Momb, J., Thomas, P.W., Moulin,
A., Petsko., et al. Mechanism of the quorum-
quenching lactonase (AiiA) from Bacillus
thuringiensis. 1. Product-bound structures.
Biochem., 2008; 47: 7706 –7714

15. Pan, J., Huang, T., Yao, F., Huang, Z., et al.
Expression and characterization of aiiA gene from
Bacillus subtilis BS-1. Microbiol. Res., 2008;
163: 711–716

16. Chan, K.G., Wong, C.S., Yin, W.Y., Sam, C.K.,
Koh, C.L. Rapid degradation of N-3-oxo-
acylhomoserine lactones by a Bacillus cereus
isolate from Malaysian rainforest soil. Antonie
van Leeuwenhoek., 2010; 98: 299–305

17. Musthafa, K.S., Saroja, V., Pandian, S.K., and



J PURE APPL MICROBIO, 10(3), SEPTEMBER 2016.

1754 HUSAIN et al.:  STUDY OF QUORUM SENSING & BIOFILM INHIBITION

Ravi, A.V. Antipathogenic potential of marine
Bacillus sp. SS4 on N-acyl-homoserine-lactone-
mediated virulence factors production in
Pseudomonas aeruginosa (PAO1). J. Biosci.,
2011; 36: 55-67.

18. Alasil, S. A., Omar, R, Ismail, S., Yusof, M.Y.
Inhibition of quorum sensing-controlled
virulence factors and biofilm formation in
Pseudomonas aeruginosa by culture extract
from novel bacterial species of Paenibacillus
using a rat model of chronic lung infection. Int.
J. Bacteriol., 2015; 2015: 671562.

19. Berdy, J. Bioactive microbial metabolites. J.
Antibiot., 2005; 58: 1-26

20. Al-Shahib, W., Marshall, R.J. The fruit of the
date palm: its possible use as the best food for
the future? Int. J. Food. Sci. Nutr., 2003; 54:
247-259

21. McClean, K.H., Winson, M.K., Fish, L., Taylor,
A., et al. Quorum sensing and Chromobacterium
violaceum: exploitation of violacein production
and inhibition for the detection of N-
acylhomoserine lactones. Microbiol., 1997; 143:
3703-3711.

22. McLean, R.J.C., Pierson III, L.S., Fuqua, C. A
simple screening protocol or the identification
of quorum sensing signal antagonists. J Microbiol.
Methods., 2004; 58: 351-360.

23. Husain, F.M., Ahmad, I. Doxycycline interferes
with quorum sensing-mediated virulence factors
and biofilm formation in Gram-negative bacteria.
World J. Microbiol. Biotechnol., 2013; 29: 949–
957

24. Husain, F.M., Ahmad, I., Asif, M., Tahseen, Q.
Influence of clove oil on certain quorum sensing
regulated functions and biofilm of Pseudomonas
aeruginosa and Aeromonas hydrophila. J.
Biosci., 2013; 38: 1-10

25. Vattem, D.A, Mihali, K.K., Crixell, S.H.,
McLean, R.J.C. Dietary phytochemicals as

quorum sensing inhibi.tors. Fitoterapia, 2007;
78: 302-310.

26. O’Toole, G. A., Kolter, R. Initiation of biofilm
formation in Pseudomonas fluorescens WCS365
proceeds via multiple, convergent signaling
pathways: a genetic analysis. Mol. Microbiol.,
1998; 28: 449-461

27. Yates, E.A., Philipp, B., Buckley, C., Atkinson,
S., et al. N-acylhomoserine lactones undergo
lactonolysis in a pH-, temperature-, and acyl
chain length-dependent manner during growth
of Yersinia pseudotuberculosis and Pseudomonas
aeruginosa. Infect. Immun., 2002; 70: 5635-
5646.

28. Choo, J.H., Rukayadi, Y., Hwang, J.K. Inhibition
of bacterial quorum sensing by vanilla extract.
Lett. Appl. Microbiol., 2006; 42: 637-641.

29. Kessler, E., Safrin, M., Olson, J.C., Ohman, D.E.
Secreted LasA of Pseudomonas aeruginosa is a
staphylolytic protease. J. Biol. Chem., 1993;
268: 7503-7508.

30. Rumbaugh, K.P., Griswold, J.A., Hamood, A.N.
The role of quorum sensing in the in vivo
virulence of Pseudomonas aeruginosa.
Microbes Infect., 2000; 2: 1721–1731

31. Fothergill, J.L., Panagea, S., Hart, C.A., Walshaw,
M.J., Pitt, T.L., Winstanley, C. Widespread
pyocyanin overproduction among isolates of a
cystic fibrosis epidemic strain. BMC Microbiol.,
2007; 7: 45.

32. Daniels, R., Vanderleyden, J., Michiels, J.
Quorum sensing and swarming migration in
bacteria. FEMS Microbiol. Rev., 2004; 28: 261–
289

33. De Kievit, T.R., Gillis, R., Marx, S., Brown, C.,
Iglewski, B.H. Quorum-sensing genes in
Pseudomonas aeruginosa biofilms: their role and
expression patterns. Appl. Environ. Microbiol.,
2001; 67: 1865–1873.


