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Abstract 
 

Background: Quorum Sensing (QS) is a mechanism used by bacteria to determine 
their physiological activities and coordinate gene expression based on cell to cell sig-
naling. Many bacterial physiological functions are under the regulation of quorum 
sensing such as virulence, luminescence, motility, sporulation and biofilm formation. 
The aim of the present study was to isolate and characterize Quorum Sensing Inhibi-
tory (QSI) substances from epiphytic bacteria residing on wild berries surfaces.  
 

Methods: Fifty nine bacterial isolates out of 600 screened bacteria were successfully 
isolated. These bacteria were obtained from berry surfaces of different plants in the 
wild forests of Ajloun-Jordan. Screening for QSI activity using Chromobacterium vio-
laceum ATCC 12472 monitor strain, resulted in isolating 6 isolates exhibiting QSI activi-
ty only, 11 isolates with QSI and antibacterial activity, and 42 isolates with antibacteri-
al activity only. Three potential isolates S 130, S 153, and S 664, were gram positive 
rods and spore formers, catalase positive and oxidase negative. These were chosen for 
further testing and characterization.  
 

Results: Different solvent extraction of the QSI substances based on polarity indicated 
that the activity of S 130 was in the butanol extract, S 153 activity in both chloroform 
and butanol; and for S 664, the activity was detected in the hexane extract. The chlo-
roform extract of S 153 and hexane extract of S 664 were proteinaceous in nature 
while QSI substances of the butanol extract of S 130 and S 153 were non-proteina-
ceous. All the tested QSI substances showed a marked thermal stability when subject-
ed at several time intervals to 70oC, with the highest stability observed for the bu-
tanol extract of S 153. Assessing the QSI substances using violacein quantification assay 
revealed varying degrees of activity depending upon the extracting solvent, type of 
the producer bacteria and the concentration of the substances.  
 

Conclusion: This study highlighted the potential of untapped reservoirs in nature to be 
used as a source of unique metabolite that may be further developed for therapy. 
The potential QSI substances included in this study are just one aspect to be further 
analyzed for use as biopharmaceutical agents. 
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Introduction 
 

Quorum Sensing (QS) is a cell density mediated 
mechanism used by bacteria to synchronize behavior 
on a population wide scale. This includes physiological 
activities and gene expression coordination based on 
cell to cell signaling 1. Small diffusible molecules, gen-
erally called auto-inducers, play the major role in this 
signaling pathway 2. Mostly all auto-inducers, regard-
less of their chemical nature, act in the same manner 3. 
The bacteria produce auto-inducers which diffuse ex-
tracellularly and accumulate in the surroundings until 
they reach a certain threshold concentration, after 
which it diffuses back to the cell regulating the expres-
sion of different genes 4-6. QS gene expression is regu- 
 

 
 
 

 
lated in the entire bacterial community 7, and by this, 
the bacteria will act as a multicellular organism which 
have several advantages over individual bacterial cells 
8,9. Many bacterial physiological functions are under 
the regulation of quorum sensing such as virulence 10, 
luminescence 11, motility 12, sporulation and biofilm 
formation 13. 

The term "anti-pathogenic compounds" has attracted 
great interest in the medical field. It refers to those sub-
stances that do not kill the bacteria and do not lead to 
the development of resistant strains over time 13,14 like 
the way many bactericidal substances do. They act on 
attenuation of bacterial virulence, preventing the estab-
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lishment of a successful infection 9,15. Chromobacteri-
um violaceum (C. violaceum) is the most used bacterial 
species as a monitor strain for studying quorum sensing 
inhibition activity. This bacterium has the ability to 
produce a violet pigment as a result of quorum sensing 
5,16. QS Inhibitors (QSIs) will lead to loss of the violet 
pigmentation without actually killing the bacterial 
cells. Therefore, it acts as a good QS Inhibition screen-
ing candidate 12.  

The most widely known QSIs are the halogenated 
furanones which have many limitations for human use 
due to their toxic side effects and carcinogenic proper-
ties making them unsuitable for pharmaceutical usage 
16,17. Accordingly, a lot of researches are looking into 
discovering new chemicals that have QSI activity with 
reduced or absent side effects 9,14,16,18.  

The aim of this study was to search through nature's 
own rich collection of chemicals in order to find new 
substances that act as anti-pathogenic drugs. Among 
sources of these potential new chemicals are the bacte-
ria in different habitats especially unusual niches. The 
surfaces of berries found in natural forests hold large 
populations of bacteria that have evolved a variety of 
adaptations to exist in such continuously changing en-
vironments. Moreover, limited space and nutrient 
availability act as driving forces for the production of a 
variety of metabolites that reduce competition between 
bacterial communities on the surface of the same berry.  

Recently, Bacillus of different origins is given spe-
cial interest in the quest for antimicrobial and anti-
pathogenic materials 19. Alasil et al stressed the im-
portance of screening different spore-forming bacteria 
for such materials with special emphasis on Bacillus 
and Paenibacillus isolates. Since several virulence ca-
pabilities in bacteria are under QS-control, it became 
logical to search for anti-quorum sensing substances of 
different origins. In this report, culture extract of three 
spore-forming aerobic bacterial isolates from the sur-
face of wild forest berries was tested for their QS in-
hibitory effects in a C. violaceum ATCC 12472 monitor 
strain. Production of QSI and partial characterization of 
the extracted crude QSI are presented and discussed.   
 

Materials and Methods 
 

Collection of wild forest berries 
Wild berries were collected under aseptic conditions 

from Ajloun wild forests, in the period between August 
and September 2010. The samples were collected in 
sterile laboratory samplers, and kept in an ice box to 
conserve freshness until it reached the laboratory. The 
berries included Piatacia palastina Boiss, Crataegus 
aronia (L.), Ceratonia siliqua L., Rosa phoenicia, Py-
rus suriaca Boiss, Crataegus siniacia, arbutus andra-
chne, Rhamnus alaternus L. Rhamnus vlycioides L. and 
Schnus molle L. 
 

Preparation of berries 
Ten grams of each berry type were washed three 

times by sterile distilled water in order to remove 

loosely attached bacteria. To detach epiphytic bacteria, 
the washed berries were added to 20 ml of sterile nor-
mal saline with a few drops of Tween 20 and left in an 
orbital shaker over night. 
 

Bacterial isolation 
Serial decimal dilutions of the detached bacteria 

were prepared in sterile saline. From each dilution, 100 
µl were spread over nutrient agar plates in triplicates.  
 

The plates were then incubated at 30C for 48-72 hr. 
Colonies of different shapes were picked and subcul-
tured further onto nutrient agar plates. Three subcul-
tures were employed to ensure purity of the single iso-
lates, and further checked for spore-forming ability 
using Malachite green stain. 
 

Screening for anti- quorum sensing activity 
For the QSI screening, spore forming epiphytic bac-

terial isolates were streaked onto Lauria-Bertani (LB) 
agar either in a straight line or circular streak and incu-
bated for 24 hr at 30C according to the method of Mc-
Lean et al 20. The monitor strain C.  violaceum (ATCC 
12472) was grown separately in 5 ml of  LB broth me-
dium and incubated at 30C overnight. The monitor 
strain (100 µl) from a culture (OD600=0.1) was pre-
pared in a semisolid agar (0.75% agar) of 10 ml vol-
ume for an overlay on top of the selected target bacte-
ria. These plates were incubated at 30C for 24 hr. A 
positive QSI result was indicated by inhibiting viola-
cein pigmentation of the monitor strain around the 
streak of the test bacteria. Negative results were indi-
cated by the presence of pigmentation.  
 

Identification of active epiphytic bacteria 
Active epiphytic bacterial isolates were partially 

identified using gram stain reaction, spore formation, 
catalase and oxidase production. 
 

Production of crude quorum sensing inhibitory substances 
For each isolate, one colony was cultured in 5 ml 

LB broth for reactivation. One milliliter of the activat-
ed bacteria was then transferred into a 250 ml flask  
 

containing 100 ml of LB broth and was incubated in an  
 

orbital shaker at 30C and 100 rpm for 48-72 hr. At the 
end of the incubation time, the 100 ml of bacterial cul-
tures were centrifuged at 3800 rpm and for 30 min. The 
resulting supernatant was filtered using sterile syringe 
filter (0.45 µm pore size) for further analysis 21.  
 

Testing quorum sensing inhibition activity in the superna-
tant 

The activity of the sterile supernatant was tested us-
ing agar well diffusion method according to the method 
of McLean et al 22 and Lamberte et al 23; in brief, LB 
agar plates were inoculated with 1 ml of C. violaceum  
 

(OD600= 0.1) in order to form a lawn of bacteria. The 
plates were kept refrigerated for one hour to allow the  
 

absorption of the broth. Sterile Cork borer (8 mm di-
ameter) was used to puncture the plates making multi-
welled plates. To each well, 200 µl of each supernatant 
were introduced aseptically and the control well con-
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tained sterile distilled water. The plates were then in-
cubated at 30C for 24 hr. The clear halo free of bacte-
rial growth around the well indicated growth inhibition 
while turbid halo (disappearance of violet color only) 
indicated QSI activity. 
 

Extraction of QSI substances 
Bacterial supernatants of S 130, S 153, and S 664 

were extracted separately using organic solvents of in-
creasing polarity (chloroform, hexane and 2-butanol) 
using the following procedure: bacterial supernatant 
was first mixed with chloroform using a 1:1 ratio in a 
separatory funnel and then the solvent and supernatant 
were allowed to separate. Chloroform phase was re-
moved from the funnel into a separate flask. The pro-
cess was repeated using hexane followed by 2-butanol 
on the same supernatant. Each organic solvent was 
then evaporated under vacuum and the concentrate was 
stocked for further analysis and testing 24,25.  
 

Proteinase activity 
Proteinase K was used to test its effect upon the QSI 

substances according to Nithya et al and Wilson et al. 
The extracts were incubated with 1 mg/ml of proteinase 
K for 18 hr. The activity of the extracts was then tested 
using well diffusion method as described by Lamberte 
et al. 
 

Temperature stability 
Heat stability of the crude QSI substances was test-

ed at 70C at different exposure time intervals (0, 5, 
10, 15 and 30 min) according to Nithya et al after 
which the activity of the heated extracts was tested 
using well diffusion method. 

 

Violacein production 
Flask incubation assay: A culture broth of C. viola-

ceum ATCC 12472 with an OD of 0.1+0.02 was pre-
pared in LB broth. One ml from this broth was inocu-
lated into each of 6 separate Erlenmeyer flasks each 
containing 18 ml LB broth and supplemented with 1 ml 
of different QSI extracts at concentrations of each QSI 
extract (100, 75, 50, 37.5, 25 and 12.5 mg/ml). For the 
control flask, 1 ml of sterile distilled water was added. 
The flasks were incubated in an orbital shaker at 30C 
and 150 rpm for 18 hr for violacein quantification 5,16. 

Quantification of violacein production: From each 
flask, 1 ml was centrifuged at 13000 rpm for 10 min to 
precipitate insoluble violacein. The supernatant was 
discarded and 1 ml of DMSO was added to the pellet, 
vortexed vigorously until the violacein was completely 
solubilized, then centrifuged again at 13000 rpm for 10 
min to remove the cells. The absorbance was read at 
585 nm, and the treated groups were compared with the 
control group 16. The inhibition percentage was calcu-
lated as follows: 
Inhibition%=OD585 of control–OD585 of treated *100% 
                                        OD585 of control 
 

Confirmation of the quorum sensing inhibitory activity: 
After 24 hr of incubation in the flask assay, 100 µl 
from each flask were spread on nutrient agar after be-

ing diluted to confirm the anti-quorum sensing activity 
and exclude any antibacterial activity. The plates were 
incubated at 30C for 24 hr and bacterial counts were 
compared with control group.  
 

Statistical analysis 
The results were presented as mean±SD of three in-

dependent experiments. Statistical differences were de-
termined by one way ANOVA followed by Dunett’s 
test and unpaired t-test using Graph pad Prism soft-
ware. Differences were considered significant at p≤0.05.  
 

Results 
 

Bacterial isolation 
From several screening runs, 600 distinct colonies 

that varied in size, pigmentation, texture, elevation, and 
margin surface originating from wild berries surfaces 
were picked to be screened further for anti-quorum 
sensing activity.  
 

Screening for anti-quorum sensing activity 
All 600 isolates were screened to choose those with 

potential anti-quorum sensing activity. Out of 600 iso-
lates, 59 isolates with both antibacterial and QSI activi-
ty were successfully isolated. Six isolates out of 59 ex-
hibited QSI activity, without any effect on bacterial 
growth. Eleven isolates had both QSI and bacterial 
growth inhibition activity against the monitor strain C. 
violaceum ATCC 12472. Fourty two isolates exhibited 
growth inhibitory activity. Figure 1 shows examples of 
the activity of 3 out of the 59 isolates that showed anti-
bacterial and QSI activity.   
 

Partial identification of potential isolates 
In the isolates 59 were gram positive with 93% 

gram positive rods and 7% were gram positive spheri-
cal bacteria. The spore formation ability was detected 
in 80% of the isolated epiphytic bacteria. Most of the 
isolates (95%) were catalase positive and 7% of these 
isolates were oxidase positive.  
 

Productions of crude quorum sensing inhibitory substances 
Testing the production of the active substances in 

the supernatant of the producer strains was carried out. 
Three aerobic spore forming isolates that showed the 
best results were chosen and coded S130, S153, and S 
664. These isolates were tested for the optimal produc-
tion of the QSI substances which reached maximum 
activity after 48 h for isolate S 130 and S 153 and 72 hr 
for isolate S 664 (Figure 2).  
 

Extraction of QSI substances 
The activity of the prepared extract was tested to de-

Figure 1. A and B QSI activity of epiphytic bacteria isolates S130 
and S131, the QSI activity is indicated by loss of the violet color of 
C. violaceum ATCC 12472. In C: both growth inhibition and QSI 
activity of isolate S 396. 
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termine which of the organic solvents yielded active in-
gredients (Table 1). Isolate S 153 exhibited QSI activi-
ty in both chloroform and butanol extracts. However, 
higher yields of butanol extract are recorded. As for the 
other isolates, S 130 and S 664, the QSI activity was 
only detected with butanol and hexane, respectively 
and both yields were relatively high (Table 1). 
 

Proteinase activity 
In order to determine whether the active fractions of 

the different isolates were proteins or not, the extract 
was subjected to proteinase k and incubated at 37C for 
18 hr, after which the activity of the extracts was tested 
using agar well diffusion method the activity was ex-
pressed as diameter of the hydrolysis zone (Table 2). 
The results indicate that the nature of chloroform ex-
tract of S 153 and hexane of S 664 was proteinaceous, 
while butanol extract of both S 153 and S 130 was of 
non-proteinaceous nature. 
 

Temperature stability 
To test the thermal stability of the active extract, it 

was subjected to 70C for different durations of time. 
The butanolic extract of S 153 retained 100% activity 
after 30 min exposure at 70C, while 74, 91 and 84% 
activity were retained for the butanolic extract of S130, 
hexane extract of S 664 and chloroform extract of S 
153, respectively (Figure 3 ). 
 

Quantification of violacein production 
The results of the inhibition percentage of violacein 

production are summarized in a bar graph in figure 4. 

Figure 5 shows the flask method assay that was used 
for the quantification of violacein.  
 

Confirmation of the quorum sensing inhibitory activity  
The results indicated concentration- dependent in-

hibitory activity in all tested extracts (Figure 3). Bacte-
rial count performed on LB agar plates incubated at 
30C for 24 hr showed no significant difference (p≤ 
0.05) in the number of colony forming units in most 
tested concentrations except that for the higher concen-
trations of the butanol extract of S 130 and the hexane 
extract of S 664. The results are expressed as log CFU 
and compared with control untreated group (Figure 6). 
These results substantiate the anti-quorum sensing ac-
tivity of the extract of bacterial isolates rather than any 
other effects such as bacterial growth inhibition. 
  

Discussion 
 

The therapeutic efficacy of antibiotics correlates 
closely with their bactericidal effect 26. Unfortunately, 
bacteria can adapt to the selective pressure from antibi-
otics via genetic alteration leading to development of 
antibiotic resistance 27. The efficiency of many tradi-
tional antibiotic treatments is currently decreasing, and 
the occurrence of multiple antibiotic-resistant patho-
genic bacteria is increasing in an uncontrollable rate 28. 
Attenuation of bacterial virulence and the use of anti-
pathogenic materials rather than killing the pathogen 
has become a new concept for control of bacterial in-
fections. This mode of action and the use of such mate-
rials would not impose a selective pressure for the 

Figure 2. The QSI activity of different epiphytic bacteria, the activity 
was tested in the supernatant of the potential isolates. A: only QSI 
activity, B and C: QSI and growth inhibition activity. 

Table 1. Crude extracts activity and yields of different isolates 
 

Crude extract activity and yield (g/L) 

Isolate Hexane Chloroform Butanol 

S 130 0.0 0.0 2.5 

S 153 0.0 0.2 2.0 

S 664 1.0 0.0 0.0 

 

Table 2. Effect of proteinase K on the crude QSI substances. Results 
were expressed as meanSD 

 

 Diameter of inhibition zone (mm) 

 
Chloroform 

S 153 
Butanol 

S 153 
Butanol 

S 130 
Hexane 
S 664 

With proteinase K - 232.9 211.0 - 

Without proteinase K 201.2 280.6 251.0 290.6 
No activity.  
 

Figure 3. Thermal stability of the QSI substances of different isolates 
at 70C after different exposure times. Results are expressed as 
meanSD, Significant result * at p≤0.05. 

Figure 4. Inhibition percentage of violacein exerted by bacterial QSI 
substances at different concentrations. B130: butanolic extract of 
isolate S 130, B153: butanolic extract of isolate S 153, hex 664: 
hexane extract of isolate S 664. 
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development of bacterial resistance to the antibiotic 27, 
and would open new research areas in the search for 
new therapeutic drugs. 

One of the main aims of this type of research is to 
find novel unexploited natural areas to be the source 
for potential materials as probable producers of new 
drugs. Natural forests are a good choice for such iso-
lates. The habitats in such areas are still a good source 
of novel microbial isolates with far-reaching drug po-
tential.  

Plant surfaces hold a huge diverse number of micro-
organisms that are restricted to a relatively small sur-

face area 29. These microorganisms have developed 
certain adaptations in order to cope with the surround-
ing conditions of varying environmental and other con-
ditions to ensure their survival 30. As a consequence, 
they have adapted to produce metabolites that would be 
used in an array of applications including new pharma-
ceuticals which may be of critical importance in the 
quest for new drugs.  

The screening protocol followed in this study result-
ed in isolating several bacterial isolates 59 that were 
capable of producing antibacterial materials 42, or anti-
pathogenic substances 6, and eleven isolates had both 
QSI and bacterial growth inhibitory activity against C. 
violaceum ATCC 12472. Isolates S 130, S 153, and S 
664 were selected for further testing for their ability to 
produce anti-quorum sensing materials. Tentative iden-
tification indicated these to be aerobic gram positive 
spore-forming bacteria.   

Weng et al 31 used the soil from land and beaches as 
a reservoir of isolating microorganisms. Out of their 
500 isolated bacterial strains, 12 potentially QSI-active 
isolates were successfully isolated. Alvarez et al 13 
found that the tea tree and rosemary extract exhibited 
both antibacterial and QSI activity. Kanagasabhapathy 
et al 21 isolated 96 epiphytic bacteria from marine al-
gae. Twelve percent of the isolated bacteria were able 
to produce QSI. Abed et al 32 isolated QSI compounds 
from extremophilic microorganisms. In addition, Ma et 
al 33 isolated 1177 tobacco leaf-associated bacteria; 
14% of the isolates exhibited QSI activity by interfer-
ing with Acyl Homoserine Lactone (AHL) activity 
which is an autoinducer. One hundred and six isolates 
inhibited QS by enzymatic degradation of AHL, while 
the remaining isolates inhibited QS by other chemical 
ways of inhibition. The QSI activity that was observed 
against C. violaceum ATCC 12472 by the tested ex-
tracts was mainly due to inhibition of the QS mecha-
nism either by antagonistic activity of AHL or by de-
struction of the AHL 33. 

Studying the productivity of the tested isolates (S 
130, S 153 and S 664) indicated maximum production 
of QSI substances in culture media at 48-72 hr. Similar 
results were reported by Thenmozhi et al 34 where the 
incubation period required for QSI production by the 
bacteria was 48 hr, while 72 hr period was needed to 
reach the optimum productivity of marine-isolated bac-
teria by Monsson et al 35. 

Subjecting QSI substances to polar extraction with 
different organic solvents including hexane, chloro-
form, and butanol, resulted in pooling QSI substances 
that shared characteristics of similar compounds or 
substances. Nithya et al 10 isolated QSI substances 
from bacteria originating from different environments. 
These QSI substances with respect to their origin are 
indicative of response of such bacteria to harsh envi-
ronments as in the case with wild plant surfaces 29,30. 
Adonizio et al 36 studied the activity of different South 
Florida plants against AHL production by C. viola-

Figure 5. Quantification of violacein by flask method, A: hexane QSI 
substances of isolate S 664 extract, B: butanolic QSI substances of 
isolate S 130 extract, and C: the QSI substances of isolate S 153 
butanolic extract. 

Figure 6. Effects of QSI substances on bacterial growth expressed as 
log CFU of C. violaceum ATCC 12472 violacein inhibition assay. 
The results are expressed as mean±SD *significantly lower than 
control, ** significantly higher than control, p≤0.05. 
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ceum. The unwashed plant leaves (containing epiphytic 
bacteria) showed higher QSI activity than their washed 
counterparts which indicated enhancement of QSI ac-
tivity by epiphytic bacteria. Al-Hussaini et al 37 isolat-
ed QSI substances from Laurus nobilis with the buta-
nol fraction having prominent activity.  

Results of polarity extraction of S 153 QSI sub-
stances were in accordance with the result of Wilson et 
al 25 where the tested anti-microbial activity (both an-
timicrobial and anti-quorum sensing) was found in 
multiple organic phases. These results indicated the 
presence of QSI substances with different polarities 25. 
The yields of these extracts varied depending upon the 
isolate type and the extraction solvent: the butanol ex-
tract gave the highest yield (2.5 and 2.0 g/L) for both 
isolates S 130 and S 153, respectively; the chloroform 
extract showed the lowest yield (0.2 g/L), and hexane 
extract yields were in between (1.0 g/L).  

Characterization of the QSI substances is a neces-
sary step in substantiating the use of such materials as 
anti-pathogenic tools. As a result, proteinase K was 
used to determine the nature of the active material, 
whether proteinaceous or otherwise. It was clear that 
the nature of the QSI substances varied in this case; 
some bacterial isolates of QSI were of proteinaceous 
nature as in the case of the chloroform extract of S 153 
and the QSI substances of hexane extract of S 664. 
Mustafa et al 5 found that the nature of QSI materials 
of tested Bacillus spp. were non proteinaceous. Nithya 
et al 10 found that the QSI substances released by Ba-
cillus pumilus were protein in nature, which agrees 
with findings of this study on spore forming gram posi-
tive rods.  

Testing thermal stability of these QSI substances in-
dicated that the substance of the butanol extract of S 
153 was the most stable substance among the others 
and it retained almost full activity after being subjected 
to 70C for 30 min. Moreover, the QSI substances of 
chloroform extract of S 153 showed no significant 
changes after being subjected to 70C for 30 min. The 
varying thermal tolerance and stability of the QSI sub-
stances observed in this study agree in part with the 
findings of Mustafa et al 5 where the QSI extract activi-
ty was fully retained after 15 min exposure to 90C. On 
the other hand, the QSI substances of Bacillus pumilus 
lost their activity after the same thermal treatment. 
Vogt et al 38,39 studied the thermal stability of different 
proteins, and they reported that increasing hydrogen 
bonding in proteins is considered the most important 
factor for thermal stability, a factor that is not tackled 
in this study. 

In quantitative analysis of the selected QSI sub-
stances against violacein production by C. violaceum 
ATCC 12472, the butanol extract of S 153 reduced the 
violacein production dramatically to the level of 95% 
at the higher concentration (100 mg/ml), and the lowest 
inhibitory percentage at concentration of 12.5 mg/ml 
was 32.5%. These violacein inhibitory percentages 

were due to QS blockage mechanism rather than killing 
the bacteria which was confirmed by counting the CFU 
of the C. violaceum ATCC 12472 at that concentration. 
On the other hand, when C. violaceum ATCC 12472 
was treated with different concentrations of butanol ex-
tract of S 130, the violacein inhibition percentage was 
100 and 95% at concentrations of 100 and 75 mg/ml of 
the QSI substances, respectively. These violacein in-
hibitory percentages were due to killing of the bacteria 
rather than inhibiting the QS mechanism and this is 
attributed to significant reduction in the CFU at these 
two concentrations. Taganna et al 40 found that at cer-
tain extract concentrations of Terminalia catappa, the 
extract significantly increased the growth of C. viola-
ceum with significant reduction in the violacein pro-
duction, which is reduced due to QS blockage. This 
result correlates well with the study of Choo et al 16 
where they found that vanilla extract reduced the 
violacein production up to 98%, and the result of Pack-
iavathy et al 12 where the Cuminum cyminum exhibited 
90% inhibition of violacein production. Vattem et al 41 
found that the extract of Rosmarinus officinalis leaves 
inhibited the violacein production by 40%. Rasmussen 
et al 42 found that the methanolic extract of Medicago 
truncatula exhibited QSI activity. The results of Choo 
et al’s 16 study with respect to violacein inhibition 
agree with our findings and similar results were ob-
tained by Thenmozhi et al 34. 

These results definitely indicated the possibility of 
isolation of QSI substances from natural environments 
including microflora associated with different parts of 
the plants including the berries. QS inhibition is an 
alternative route for pathogen control through manipu-
lation of gene expression rather than killing the patho-
gen. Use of QSI substances will no doubt enhance the 
fight against emerging resistant pathogenic bacteria. 
The field is still at the beginnings and further screening 
programs and testing protocols are needed.  
 

Conclusion 
 

The results of this study revealed that the compo-
nents of nature are still the untapped reservoir for a 
wide variety of medicinal applications. It also empha-
sizes the role of epiphytic bacteria as being the poten-
tial source for unique metabolites that are needed for 
alternative therapies. The QSI substances are just one 
aspect to be further investigated and developed in the 
everlasting quest for new chemotherapeutic agents. 
 

Conflict of Interest 
 

The authors of this article ensure that there is no 
conflict of interest.   
 

References 
 

1. Albuqerque P, Nicola AM, Nieves E, Paes HC, William-
son PR, Silva-Pereira I, et al. Quorum sensing-mediated, 
cell density-dependent regulation of growth and viru-
lence in Cryptococcus neoformians. MBio 2013;5(1): 
e00986-13. 



Abudoleh SM, et al 

Avicenna Journal of Medical Biotechnology, Vol. 9, No. 1, January-March 2017  29

2. Lu HD, Spiegel AC, Hurley A, Perez LJ, Maisel K, En-
sign LM, et al. Modulating Vibrio cholera quorum-sen-
sing-controlled communication using autoinducer-loaded 
nanoparticles. Nano lett 2015;15(4):2235-2241. 

 

3. Zhou M, Guo Z, Yang Y, Duan Q, Zhang Q, Yao F, et al. 
Flagellin F4 fimbriae have opposite effects on biofilm 
formation and quorum sensing in F4ac+ enterotoxigenic 
Escherichia coli. Vet Microbiol 2014;168(1):148-153. 

 

4. Dusane DH, Matkar P, Venugopalan VP, Kumar AR, 
Zinjarde SS. Cross-species induction of antimicrobial 
compounds, biosurfactants and quorum-sensing inhibi-
tors in tropical marine epibiotic bacteria by pathogens 
and biofouling microorganisms. Curr Microbiol 2011;62 
(3):974-980. 

 

5. Musthafa KS, Saroja V, Pandian SK, Ravi AV. Anti-
pathogenic potential of marine Bacillus sp. SS4 on N-
acyl-homoserine-lactone-mediated virulence factors pro-
duction in Pseudomonas aeruginosa (PAO1). J Biosci 
2011;36(1):55-67. 

 

6. van Kessel JC, Rutherford ST, Cong JP, Quinodoz S, 
Healy J, Bassler BL. Quorum sensing regulates the os-
motic stress response in Vibrio harveyi. J Bacteriol 2015; 
197(1):73-80. 

 

7. Lv J, Wang Y, Zhong C, Li Y, Hao W, Zhu J. The mi-
crobial attachment potential and quorum sensing meas-
urement of aerobic granular activate sludge and floccu-
lent activated sludge. Bioresour Technol 2014;151:291-
296. 

 

8. Khmel IA, Belik AS, Zaitseva YV, Danilova NN. Quor-
um sensing and communication in bacteria. Moscow 
Univ Biol Sci Bull 2008;63(1):25-31. 

 

9. Abudoleh SM, Mahasneh AM. Quorum sensing inhibi-
tors from epiphytic bacteria isolated from wild berries. 
In: Mendez-Vilas A, editor. Microbes in Applied Re-
search: Current Advances and Challenges. Singapore: 
World Scientific Publishing Co; 2012. p. 561-566. 

 

10. Nithya C, Aravindraja C, Pandian SK. Bacillus pumilus 
of Palk Bay origin inhibits quorum-sensing-mediated 
virulence factors in Gram-negative bacteria. Res Micro-
biol 2010;161(4):293-304. 

 

11. González JE, Keshavan ND. Messing with bacterial 
quorum sensing. Microbiol Mol Biol Rev 2006;70(4): 
859-875. 
 

12. Packiavathy IA, Agilandeswari P, Mustafa KS, Pandian 
SK, Ravi AV. Antibiofilm and quorum sensing inhibitory 
potential of Cuminum cyminum and its secondary me-
tabolite methyl eugenol against Gram negative bacterial 
pathogens. Food Res Int 2012;45(1):85-92. 
 

13. Alvarez MV, Moreira MR, Ponce A. Antiquorum sens-
ing and antimicrobial activity of natural agents with po-
tential use in food. J Food Saf 2012;32:379-387. 
 

14. Truchado P, López-Gálvez F, Gil MI, Tomás-Barberán 
FA, Allende A. Quorum sensing inhibitory and antimi-
crobial activities of honeys and the relationship with in-
dividual phenolics. Food Chem 2009;115(4):1337-1344. 
 

15. Vikram A, Jayaprakasha GK, Jesudhasan PR, Pillai SD, 
Patil BS. Suppression of bacterial cell-cell signaling, bio-
film formation and type III secretion system by citrus 
flavonoids. J Appl Microbiol 2010;109(2):515-527. 

16. Choo JH, Rukayadi Y, Hwang JK. Inhibition of bacterial 
quorum sensing by vanilla extract. Lett Appl Microbiol 
2006;42(6):637-641. 
 

17. Cotar AI. Quorum sensing inhibitors as anti-pathogenic 
drugs in the fight against Pseudomonas aeruginosa infec-
tions. Clin Microbiol 2013;2:1-2. 
 

18. Alasil SM, Omar R, Ismail S, Yusof MY. 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. Guo Y, Huang E, Yuan C, Zhang L, Yousef AE. Isola-
tion of a Paenibacillus sp. strain and structural elucida-
tion of its broad-spectrum lipopeptide antibiotic. Appl 
Environ Microbiol 2012;78:3156-3165. 
 

20. McLean RJ, Pierson LS 3rd, Fuqua C. A simple screen-
ing protocol for the identification of quorum signal an-
tagonists. J Microbiol Methods 2004;58(3):351-360. 
 

21. Kanagasabhapthy M, Yamazaki G, Ishida A, Sasaki H, 
Nagata S. Presence of quorum-sensing inhibitors-like 
compounds from bacteria isolated from the brown alga 
Colpomenia sinusoa. Lett Appl Microbiol 2009;49(5): 
573-579. 
 

22. McLean R, Bryant S, Vattem D, Givskov M, Rasmussen 
T, Balaban N. Detection in vitro of quorum-sensing mol-
ecules and their inhibitors. In: Balaban N, editor. The 
Control of Biofilm Infections by Signal Manipulation. 
USA: Springer; 2008. p. 39-50. 
 

23. Lamberte LS, Cabera EC, Rivera WL. Activity of the 
ethanolic extract of propolis (EEP) as a potential inhibi-
tor of quorum sensing-mediated pigment production in 
Chromobacterium violaceium and virulence factor pro-
duction in Pseudomonas aeruginosa. Philipp Agric Sci 
2011;94(1):14-22. 

 

24. Nithya C, Begum MF, Pandian SK. Marine bacterial iso-
lates inhibit biofilm formation and disrupt mature bio-
films of Pseudomonas aerugionsa PA01. Appl Microbiol 
Biotechnol 2010;88:341-358. 
 

25. Wilson GS, Raftos DA, Corrigan SL, Nair SV. Diversity 
and antimicrobial activities of surface-attached marine 
bacteria from Sydney Harbour, Australia. Microbiol Res 
2010;165(4):300-311. 
 

26. Chopra I, Hodgson J, Metcale B, Poste G. The search for 
antimicrobial agents effective against bacteria resistant to 
multiple antibiotics. Antimicrob Agents Chemother 1997; 
41(3):497-503. 
 

27. Maeda T, García-Contreras R, Pu M, Sheng L, Garcia 
LR, Tomás M, et al. Quorum quenching quandary: re-
sistance to antivirulence compounds. ISME J 2012;6(3): 
493-501. 
 

28. Saga T, Yamaguchi K. History of antimicrobial agents 
and resistant bacteria. Japan Med Assoc J 2009;52(2): 
103-108. 
 

29. Brelles-Mariño G, Bedmar EJ. Detection, purification 
and characterization of quorum-sensing signal molecules 
in plant associated bacteria. J Biotechnol 2001;91(2-3): 
197-209. 
 



30 

Quorum Sensing Inhibitors 

Avicenna Journal of Medical Biotechnology, Vol. 9, No. 1, January-March 2017       30 

30. Annous BA, Fratamico PM, Smith JL. Quorum sensing 
in biofilms: why bacteria behave the way they do. J Food 
Sci 2009;74(1):24-37. 
 

31. Weng LX, Zhang YQ, Meng H, Yang YX, Quan ZX, 
Zhang YY, et al. Screening and isolating quorum sensing 
inhibitor from bacteria. Afr J Microbiol Res 2012;6(5): 
927-936. 
 

32. Abed RM, Dobrestov S, Al-Fori M, Gunasekera SP, Su-
desh K, Paul VJ. Quorum-sensing inhibitory compounds 
from extremophilic microorganisms isolated from a hy-
persaline cyanobacterial mat. J Ind Microbiol Biotechnol 
2013;40(7):759-772. 
 

33. Ma A, Lv D, Zhuang X, Zhung G. Quorum quenching in 
culture able phyllosphere bacteria from tobacco. Int J 
Mol Sci 2013;14(7):14607-14619. 
 

34. Thenmozhi R, Nithyand P, Rathna J, Karutha SK. Anti-
biofilm activity of coral-associated bacteria against dif-
ferent clinical M serotypes of Streptococcus pyogenes. 
FEMS Immunol Med Microbiol 2009;57(3):284-294. 
 

35. Monsson M, Nielsen A, Kjærulff L, Golfredseng CH, 
Wietz M, Ingmer H, et al. Inhibition of virulence gene 
expression in Staphylococcus aureus by novel depsipep-
tides from a marine photobacterium. Mar Drugs 2011:9 
(12):2537-2550. 
 

36. Adonizio A, Kong KF, Mathee K. Inhibition of quorum  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

sensing-controlled virulence factor production in Pseu-
domonas aeruginosa by South Florida plant extracts. 
Antimicrob Agents Chemother 2008;52(1):198-203. 
 

37. Al-Hussaini R, Mahasneh AM. Antimicrobial and anti-
quorum sensing activity of different parts of Laurus no-
bilis L. extracts. Jordan Med J 2009;43(4):286-289. 
 

38. Vogt G, Woell S, Argos P. Protein thermal stability, hy-
drogen bonds and ions pairs. J Mol Biol 1997;269(4): 
631-643. 
 

39. Vogt G, Agros P. Protein thermal stability: hydrogen 
bond or internal packing? Fold Des 1997;2(4):40-46. 
 

40. Taganna JC, Quanico JP, Perono RM, Amor EC, Rivera 
WL. Tannin-rich fraction from Terminalia catappa inhib-
its quorum sensing (QS) in Chromobacterium violaceum 
and the QS-controlled biofilm maturation and LasA sta-
phylolytic activity in Pseudomonas aeruginosa. J Ethno-
pharmacol 2011;134(3):865-871. 
 

41. Vattem DA, Mihalik K, Crixell SH, McLean RJ. Dietary 
phytochemicals as quorum sensing inhibitors. Fitoterapia 
2007;78(4):302-310. 
 

42. Rasmussen TB, Givskov M. Quorum-sensing inhibitors 
as anti-pathogenic drugs. Int J Med Microbiol 2006;296 
(2-3):149-161. 

 


