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Abstract: Quorum sensing is a system of stimuli and responses in relation to bacterial cell 

population density that regulates gene expression, including virulence determinants. 

Consequently, quorum sensing has been an attractive target for the development of novel 

anti-infective measures that do not rely on the use of antibiotics. Anti-quorum sensing has 

been a promising strategy to combat bacterial infections as it is unlikely to develop 

multidrug resistant pathogens since it does not impose any selection pressure. A number of 

anti-quorum sensing approaches have been documented and plant-based natural products 

have been extensively studied in this context. Plant matter is one of the major sources of 

chemicals in use today in various industries, ranging from the pharmaceutical, cosmetic, 

and food biotechnology to the textile industries. Just like animals and humans, plants are 

constantly exposed to bacterial infections, it is therefore logical to expect that plants have 

developed sophisticated of chemical mechanisms to combat pathogens. In this review, we 

have surveyed the various types of plant-based natural products that exhibit anti-quorum 

sensing properties and their anti-quorum sensing mechanisms. 
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1. Introduction 

Communication among bacteria is achieved via the production, diffusion, detection and responses 

to chemical signaling molecules known as autoinducers. When a threshold concentration is reached, 

the autoinducers are detected and this leads to quorum sensing (QS) gene regulation (Figure 1). This 

QS process uses autoinducers for the regulation of bacterial behaviors such as formation and release of 

virulence factors, antibiotic production and also biofilm formation [1,2]. Alternative QS concepts, such 

as diffusion sensing and efficiency sensing have been previously reported [3,4]. There are several QS 

systems used by bacteria. For example, Gram-positive bacteria primarily use the oligopeptide signaling 

systems whereas Gram-negative bacteria primarily uses the LuxR/I-type QS system [5]. 

Figure 1. A graphic diagram of QS molecular signaling network of (A) Gram-negative 

bacteria: the autoinducers [ ] are produced and diffused freely out of the cell. When the 

concentration of the autoinducers reach the threshold value, a positive feedback loop will 

be formed that causes more autoinducers to be synthesized. The autoinducers produced will 

bind to their cognate receptor [ ] to form an autoinducer-receptor complex [ ] which 

will then binds to the target promoter that lead to QS gene regulation; and (B) Gram-positive 

bacteria: the precursor peptide autoinducers [ ] are modified and transported out of the 

cell by ATP-binding cassette exporter complex. When the concentration of the peptide 

autoinducers reach the threshold value, the sensor kinase protein will be activated and 

phosphorylate the response regulator protein, which will then binds to the target promoter 

that will lead to QS gene regulation. 
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Due to the extensive emergence of antibiotic-resistant bacteria, there is a rising need to control this 

drug resistance. Many opportunistic pathogenic bacteria depend on QS systems to coordinate their 

virulence expression. Thus, interference with QS has been regarded as the novel way to control 

bacterial infections [6]. QS is an evident target to capably block QS signals by inducing attenuation of 

pathogens’ virulence determinants. It is believed that as bacterial growth is not affected, inhibition of 

QS does not impose selective pressure for the development of resistance [7,8]. However, this point has 

been challenged on the possibility of resistance to QS disruption might occur [9]. For example, a well 

studied QS antagonist, brominated furanone C-30, causing rapid bacterial resistance due to mutation 

has been reported recently [10]. 

2. Plants as QS Antagonists? 

Natural products were explored initially because of their therapeutic values in traditional medical 

practice, but recently, there is has been an increasing interest in the biological function and therapeutic 

roles of natural products and their ecological role in regulating interactions between microorganisms. It 

is speculated that unlike human and mammals that possess immune systems to defend against invaders, 

plants are lacking such sophisticated immunity to ward off invading pathogens, so instead of relying 

on cellular and biochemical defense systems, plants may have evolved to produce anti-QS compounds 

that can be used to defeat QS pathogens.  

To date, biologically active constituents of natural products, especially plant-derived ones, have led 

to the discovery of new drugs used for treatment of numerous diseases [11]. Various studies showed 

that eukaryotes have evolved efficiently to manipulate bacterial QS systems and protect themselves 

from pathogen attack [12]. An important discovery was the fact that the halogenated furanones 

produced by the marine red alga Delisea pulchra interfere the N-acylated homoserine lactone (AHL) 

regulatory system in several Gram-negative bacteria. These furanones actually enable the alga to influence 

the bacterial colonization and fouling on its own surface in the natural marine environment [13,14]. Earlier 

studies have also reported that certain bacteria possess the ability to quench QS. For example, an  

N-acylhomoserine (AHL) lactonase enzyme, AiiA from Bacillus sp., was found to hydrolyze the 

lactone bond of the AHL signalling compound [15]. Interestingly, the paraoxonase (PON) enzymes in 

human airway epithelial cells also show interference with QS systems [16]. 

In this review, we will summarize the QS antagonists derived from plant sources and also provide 

better understanding of the interference of QS by these antagonists. Although this review represents an 

evaluation of publicly available data, there may be some important antagonists, especially the  

non-plant-based compounds that have been excluded. 

3. Examples of QS Antagonists 

In recent years, the discovery of QS antagonists of bacterial and non-bacterial origin has increased 

tremendously. There are some chemically synthesized compounds that inhibit QS, but most of the 

antagonists have been discovered in plants extracts. Since these plants can be consumed by humans, 

the active compounds that are having QS inhibitory activities from the plants should be deemed as safe 

and should not cause toxicity towards human cells, but toxicity studies on these compounds are still 

necessary. Not only to plants produce mimicry molecules that are anti-QS, but certain plant parts such 
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as pea (Pisum sativum) seedlings [17] also produce exudates that contain compounds that can interfere 

with QS. These findings provide a better understanding of how the compounds inhibit bacterial QS 

systems. Biosensors such as Escherichia coli [pSB401], E. coli [pSB1075], Chromobacterium 

violaceum CV026 are used by researchers to aid the screening for compounds/extracts with anti-QS 

abilities. These biosensors do not possess the ability to produce any AHLs. External AHLs are 

supplied exogenously to induce QS traits such as bioluminescence and violacein production which can 

be quantified. The anti-QS ability of compounds/extracts are measured by the significance of the 

inhibition. Table 1 shows some of the antagonists discovered in recent studies. 

Table 1. Antagonist of QS against selected bacteria and pathogens. 

Source Antagonist Inhibition against Reference

Plant extracts 

Melicope lunu-ankenda (leaves) 

Syzygium aromaticum (bud) 

E. coli [pSB401] 

E. coli [pSB1075] 

C. violaceum CV026 

P. aeruginosa PA01 

P. aeruginosa lecA::lux 

[18,19] 

Garlic (bulbs) P. aeruginosa [7,20] 

Vanilla planifolia (beans) C. violaceum CV026 [21] 

Tremella fuciformis (whole) C. violaceum CV026 [22] 

Panax notoginseng (flowers and roots) 

Areca catechu (seeds) 

Prunus armeniaca (kernel of seed) 

Prunella vulgaris (whole) 

Nelumbo nucifera (leaves) 

Punica granatum (bark) 

Imperata cylindrical (stem) 

P. ginseng (roots) 

C. violaceum CV026 

P. aeruginosa PA01 
[23,24] 

Moringa oleifera (leaves and fruits) C. violaceum ATCC 12472 [25] 

Capparis spinosa (fruits) C. violaceum CV026 

P. aeruginosa 

E. coli 

Proteus mirabilis 

Serratia marcescens 

[26] 

Laurus nobilis (fruits, flowers, leaves, bark) C. violaceum ATCC 12427 [27] 

Acacia nilotica (green pod) C. violaceum ATCC 12472 [28] 

Quercus virginiana (leaves) 

Chamaesyce hypericifolia (aerial) 

Tetrazygia bicolor (leaves) 

Conocarpus erectus (leaves) 

Bucida burceras (leaves) 

Callistemon viminalis (leaves, inflorescence)

C. violaceum ATCC 12472 

C. violaceum CV026 
Agrobacterium tumefaciens 

NTL4 

[29] 
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Table 1. Cont. 

Source Antagonist Inhibition against Reference

Plant extracts 

Vaccinium macrocarpon 

V. angustifolium 

Rubus idaeus 

R. eubatus 

Fragaria sp. 

Vitis sp. 

Origanum vulgare 

Rosemarinus officinalis 

Ocimum basilicum 

Thymus sp. 

Brassica oleracea 

Curcuma longa 

Zingiber officinale 

C. violaceum CV026 

C. violaceum 31532 

P. aeruginosa PA01 

E. coli O157:H7 

[30] 

Lonicera alpigena 

Castanea sativa 

Juglans regia 

Ballota nigra 

R.officinalis 

Leopoldia comosa 

Malva sylvestris 

Cyclamen hederifolium 

Rosa canina 

R. ulmifolius 

Staphylococcus aureus [31] 

Ananas comosus 

Musa paradiciaca 

Manilkara zapota 

Ocimum sanctum 

C. violaceum ATCC 12472 

C. violaceum CV026 

P. aeruginosa PA01 

[32] 

Scutellaria baicalensis C. violaceum CV026 [33] 

Scorzonera sandrasica 
C. violaceum ATCC 12472 

C. violaceum CV026 
[34] 

Orange Yersinia enterocolitica [35] 

Essential oils 

Tea tree 

Rosemary 

C. violaceum CV026 

 
[36] 

Lippia alba 

Ocotea sp. 

Elettaria cardamomum 

Swinglea glutinosa 

Myntotachys mollis 

Zingiber officinale 

P. putida [pRK-C12) 

E. coli [pJBA132] 

 

[37] 

Piper bredemeyeri (leaves) 

P. brachypodom (leaves) 

P. bogotence (whole) 

C. violaceum CV026 [38] 

Bioactive metabolites Phellinus igniarius C. violaceum CV026 [39] 
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Table 1. Cont. 

Source Antagonist Inhibition against Reference

Plant exudates Exudates from pea (Pisum sativum) 
Serratia liquefaciens MG44 

S. faciensMG44 
[17] 

Fungal extracts Ganoderma lucidum C. violaceum CV026 [40] 

Broccoli 
Sulforaphane 

Erucin 
P. aeruginosa [41] 

Myristica cinnamomea 

Combretum albiflorum 

Malabaricone C 

Catechin 

P. aeruginosa PA01 

C. violaceum CV026 
[42,43] 

4. Mechanisms 

Natural products play a pivotal role for treating and preventing infectious diseases [44]. The plant 

compounds usually target the bacterial QS system via three different ways, by either stop the signaling 

molecules from being synthesized by the luxI encoded AHL synthase, degrading the signaling 

molecules and/or targeting the luxR signal receptor [45].  

AHL biosynthesis typically involves a series of reactions that use S-adenosyl methionine (SAM) as 

the amino donor to generate the homoserine lactone ring moiety, and an acyl carrier protein (ACP) as 

the precursor for the N-acyl side chain of the AHL molecules. With this knowledge, several SAM 

analogues have been synthesized and show anti-QS activity [46]. However, based on our experience 

on extensive screening of hundreds of plant extracts to specifically look for luxI synthase activity, we 

did not succeed in finding any suggesting that it is rather rare for plants to possess such anti-luxI 

synthase activity (unpublished data).  

To interfere with signal reception, there can be competitive and non-competitive molecules that can 

interfere with the binding of AHL to its cognate LuxR receptor. It is logical to imagine that for 

competitive molecules to bind to AHL receptor, these molecules must be structurally similar to AHLs. 

For non-competitive binding to the AHL receptor, conceivably, these molecules will bind to the site on 

the receptor other that than the AHL binding site. Plants can produce molecules that structurally mimic 

the AHLs [17], and such competitive binding is effective to block activation of AHL-mediated QS 

(Figure 2). In addition to that, QS inhibitors can also affect the integrity of biofilms and thus, will 

make the bacteria more susceptible to conventional antibiotics [47]. This serves as an advantage as it 

can help to minimize the possibility of the bacteria from becoming resistant [48]. 

One of the most extensively studied natural products is the red marine alga known as D. pulchra. 

This Australian seaweed appears to be able to control bacterial colonization by interfering with the 

AHL system [49]. Halogenated furanones were found to inhibit the QS regulated behaviors by 

competitively bind to the LuxR type proteins [50] and thus, promote their rate of proteolytic 

degradation without killing the bacteria [51]. Previous research has also shown that furanones are 

strong inhibitors for both AI-1- and AI-2-mediated QS systems [50] and such inhibition is partially 

relieved when the AHL concentration increases [49]. Besides, these particular compounds have been 

reported to reduce the ability of the E. coli cells to produce biofilms by inhibiting AI-2  

activity [52]. Furanones also play a very important role in decreasing the light emission among the 

Vibrio species, hindering the pigment production in C. violaceum and stop the swarming motility in  

S. liquefaciens [49,53,54].  
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Figure 2. A schematic figure which shows the QS interactions between the plants and the 

bacteria. Bacteria release AHL molecules [] which can cause virulence such as biofilms 

and crown gall formation. The plants, on the other hand, will response to the bacteria 

signaling molecules by releasing AHL mimic compounds [] for defense purposes and 

this will then affect the bacterial QS system. 

 

Besides D. pulchra, grapefruit extract also contains some bioactive compounds such as 

furocoumarins, carotenoids, limonoids, pectin and coumarin that have antibacterial and antifungal 

activities [55]. Furocoumarins were shown to have strong inhibition against both AI-1 and AI-2 

activities, as well as hinder the formation of biofilm in E. coli, S. typhimurium and P. aeruginosa [56]. 

In addition to that, obacunone has been proven to have a strong antagonistic activity against both AHL 

and AI-2 systems, biofilm formation and EHEC virulence [57].  

Our group has recently reported a non-competitive compound namely malabaricone C whose 

structure is not similar to AHL but possesses anti-QS activity. Malabaricone C is extracted from 

nutmeg (Myristica cinnamomea) where it successfully inhibits both the lasR and rhlR systems in 

P. aeruginosa PA01and also CviR in C. violaceum [41] and does not inhibit AHL production in 

P. aeruginosa PA01. Extracts of propolis have also been proven to inhibit the production of violacein 

in C. violaceum, as well as the LasA and LasB protease activities in P. aeruginosa [58].  

There are also other higher plants such as vegetables that are found to possess anti-QS  

properties [17]. The examples include carrot, chamomile, and water lily as well as an array of peppers 

that have been proven to have anti-QS activity against the luxI-gfp reporter strain. Previous research 

has reported that metabolites such as disulphides and trisulphides which are extracted from garlic can 

inhibit LuxR-based QSI in P. aeruginosa [59]. Rosmarinic acid extracted from sweet basil can 

decrease the expression of the elastase and protease, as well as biofilm formation in P. aeruginosa [60]. 

Pea seedlings and root exudates are also found to inhibit pigment production, exochitinase activity and 

protease activity in C. violaceum [17]. Medicago truncatula, rice, tomato and soybean can also 

produce substances that mimic the activities of the AHL [17,61]. 
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In addition to this, research has also proven that plants have the ability to degrade the signaling 

molecules produced by the bacteria and this will obstruct the bacteria virulence factors by disrupting 

their communication systems [15]. Plant root-associated fungi such as Phialocephala fortinii and 

Meliniomyces variabili and an Ascomycete isolate have been found to have the ability to degrade the 

AHL and have been proposed as an option for diminishing the bacterial virulence [62]. 

5. Conclusion 

It is concluded that anti-QS is as important as antibacterial activity as it will unlikely cause 

resistance problems as it does not pose selection pressure. It is important to establish the modus 

operandi of the different QS antagonists in the pathogens in order to establish whether the antagonists 

are narrow or broad spectrum. Most antagonists are reported have narrow spectrum activity which may 

be used as a shield or sword. A narrow spectrum antagonist will only target specific pathogens where 

this may be useful to specifically targeting a type of pathogen in a polymicrobial environment such as 

those in the infection site. But on the other hand, such a narrow action antagonist may have limited 

clinical value. Also, the anti-QS antagonists may serve as the next generation “magic bullets”, but care 

must be taken that these molecules that are not bactericidal so they may have limited application for 

immunocompromised patients. Perhaps, a cocktail therapy involving both antibiotics and anti-QS 

antagonists may provide synergistic effects.  

Acknowledgments 

This work is supported by the High Impact Research Grant (HIR/MOHE A000001-50001) from the 

University of Malaya to Kok-Gan Chan which is gratefully acknowledged. 

Conflict of Interest 

The authors declare no conflict of interest.  

References  

1. Ryan, R.P.; Dow, J.M. Diffusible signals and interspecies communication in bacteria. 

Microbiology 2008, 154, 1845–1858. 

2. Schauder, S.; Bassler, B.L. The languages of bacteria. Gene. Develop. 2001, 15, 1468–1480. 

3. Redfield, R.J. Is quorum sensing a side effect of diffusion sensing? Trends Microbiol. 2002, 10, 

365–370. 

4. Hense, B.A.; Kuttler, C.; Müller, J.; Rothballer, M.; Hartmann, A.; Kreft, J.-U. Does efficiency 

sensing unify diffusion and quorum sensing? Nat. Rev. Microbiol. 2007, 5, 230–239. 

5. Reading, N.C.; Sperandio, V. Quorum sensing: The many languages of bacteria. FEMS 

Microbiol. Lett. 2005, 254, 1–11. 

6. Hong, K.W.; Koh, C.L.; Sam, C.K.; Yin, W.F.; Chan, K.G. Quorum quenching revisited—From 

signal decays to signalling confusion. Sensors 2012, 12, 4661–4696. 



Sensors 2013, 13 6225 

 

 

7. Rasmussen, T.B.; Bjarnsholt, T.; Skindersoe, M.E.; Hentzer, M.; Kristoffersen, P.; Köte, M.; 

Nielsen, J.; Eberl, L.; Givskov, M. Screening for quorum-sensing inhibitors (QSI) by use of a 

novel genetic system, the QSI selector. J. Bacteriol. 2005, 187, 1799–1814. 

8. Rasmussen, T.B.; Givskov, M. Quorum sensing inhibitors: A bargain of effects. Microbiology 

2006, 152, 895–904. 

9. Defoirdt, T.; Boon, N.; Bossier, P. Can bacteria evolve resistance to quorum sensing disruption? 

PLoS Pathog 2010, doi: 10.1371/journal.ppat.1000989. 

10. Maeda, T.; García-Contreras, R.; Pu, M.; Sheng, L.; Garcia, L.R.; Tomás, M.; Wood, T.K. 

Quorum quenching quandary: Resistance to antivirulence compounds. ISME J. 2011, 6, 493–501. 

11. Hanson, J.R. The Classes of Natural Product and Their Isolation; In Natural Products: The 

Secondary Metabolites; Royal Society of Chemistry: Cambridge, UK, 2003; pp. 1–34. 

12. González, J.E.; Keshavan, N.D. Messing with bacterial quorum sensing. Microbiol. Mol. Biol. 

Rev. 2006, 70, 859–875. 

13. Bauer, W.D.; Teplitski, M. Can plants manipulate bacterial quorum sensing? Funct. Plant Biol. 

2001, 28, 913–921. 

14. Kjelleberg, S.; Steinberg, P.; Givskov, M.; Gram, L.; Manefield, M.; de Nys, R. Do marine 

natural products interfere with prokaryotic AHL regulatory systems? Aquat. Microbial. Ecol. 

1997, 13, 85–93. 

15. Dong, Y.-H.; Wang, L.-H.; Xu, J.-L.; Zhang, H.B.; Zhang, X.F.; Zhang, L.-H. Quenching 

quorum-sensing-dependent bacterial infection by an N-acyl homoserine lactonase. Nature 2001, 

411, 813–817. 

16. Chun, C.K.; Ozer, E.A.; Welsh, M.J.; Zabner, J.; Greenberg, E.P. Inactivation of a  

Pseudomonas aeruginosa quorum-sensing signal by human airway epithelia. Proc. Natl. Acad. 

Sci. USA 2004, 101, 3587–3590. 

17. Teplitski, M.; Robinson, J.B.; Bauer, W.D. Plants secrete substances that mimic bacterial N-acyl 

homoserine lactone signal activities and affect population density-dependent behaviors in 

associated bacteria. Mol. Plant Microbe Interaction. 2000, 13, 637–648. 

18. Tan, L.Y.; Yin, W.F.; Chan, K.G. Silencing quorum sensing through extracts of  

Melicope lunu-ankenda. Sensors 2012, 12, 4339–4351. 

19. Krishnan, T.; Yin, W.F.; Chan, K.G. Inhibition of quorum sensing-controlled virulence factor 

production in Pseudomonas aeruginosa PA01 by ayurveda spice clove (Syzygium aromaticum) 

bud extract. Sensors 2012, 12, 4016–4030. 

20. Bjarnsholt, T.; Jensen, P.O.; Rasmussen, T.B.; Christophersen, L.; Calum, H.; Hentzer, M.; 

Hougen, H.P.; Rygaard, J.; Moser, C.; Eberl, L.; et al. Garlic blocks quorum sensing and 

promotes rapid clearing of pulmonary Pseudomonas aeruginosa infections. Microbiology 2005, 

151, 3873–3880. 

21. Choo, J.H.; Rukayadi, Y.; Hwang, J.K. Inhibition of bacterial quorum sensing by vanilla extract. 

Lett. Appl. Microbiol. 2006, 42, 637–641. 

22. Zhu, H.; Sun, S.J. Inhibition of bacterial quorum sensing-regulated behaviors by  

Tremella fuciformis extract. Curr. Microbiol. 2008, 57, 418–422. 

23. Koh, K.H.; Tham, F.Y. Screening of traditional chinese medicinal plants for quorum-sensing 

inhibitors activity. J. Microbiol. Immunol. Infect. 2011, 44, 144–148. 



Sensors 2013, 13 6226 

 

 

24. Song, Z.; Kong, K.F.; Wu, H.; Maricic, N.; Ramalingam, B.; Priestap, H.; Schneper, L.;  

Quirke, J.M.; Hoiby, N.; Mathee, K. Panax ginseng has anti-infective activity against 

opportunistic pathogen Pseudomonas aeruginosa by inhibiting quorum sensing, a bacterial 

communication process critical for establishing infection. Phytomedicine 2010, 17, 1040–1046. 

25. Singh, B.N.; Singh, B.R.; Singh, R.L.; Prakash, D.; Dhakarey, R.; Upadhyay, G.; Singh, H.B. 

Oxidative DNA damage protective activity, antioxidant and anti-quorum sensing potentials of 

Moringa oleifera. Food Chem. Toxicol. 2009, 47, 1109–1116. 

26. Issac Abraham, S.V.; Palani, A.; Ramaswamy, B.R.; Shunmugiah, K.P.; Arumugam, V.R.  

Anti-quorum sensing and antibiofilm potential of Capparis spinosa. Arch. Med. Res. 2011, 42, 

658–668. 

27. Al-Hussaini, R.; Mahasneh, A.M. Antimicrobial and antiquorum sensing activity of different parts 

of Laurus nobilis l. Extracts. Jordan Med. J. 2009, 43, 286–298. 

28. Singh, B.N.; Singh, B.R.; Singh, R.L.; Prakash, D.; Sarma, B.K.; Singh, H.B. Antioxidant and 

anti-quorum sensing activities of green pod of Acacia nilotica L. Food Chem. Toxicol. 2009, 47, 

778–786. 

29. Adonizio, A.L.; Downum, K.; Bennett, B.C.; Mathee, K. Anti-quorum sensing activity of 

medicinal plants in southern florida. J. Ethnopharmacol. 2006, 105, 427–435. 

30. Vattem, D.A.; Mihalik, K.; Crixell, S.H.; McLean, R.J. Dietary phytochemicals as quorum 

sensing inhibitors. Fitoterapia 2007, 78, 302–310. 

31. Quave, C.L.; Plano, L.R.; Pantuso, T.; Bennett, B.C. Effects of extracts from italian medicinal 

plants on planktonic growth, biofilm formation and adherence of methicillin-resistant 

Staphylococcus aureus. J. Ethnopharmacol. 2008, 118, 418–428. 

32. Musthafa, K.S.; Ravi, A.V.; Annapoorani, A.; Packiavathy, I.S.; Pandian, S.K. Evaluation of  

anti-quorum-sensing activity of edible plants and fruits through inhibition of the N-acyl-homoserine 

lactone system in Chromobacterium violaceum and Pseudomonas aeruginosa. Chemotherapy 

2010, 56, 333–339. 

33. Song, C.; Ma, H.; Zhao, Q.; Song, S.; Jia, Z. Inhibition of quorum sensing activity by ethanol 

extract of Scutellaria baicalensis georgi. Plant Pathol. Microbiol. 2012, 7, 1–4. 

34. Bosgelmez-Tinaz, G.; Ulusoy, S.; Ugur, A.; Ceylan, O. Inhibition of quorum sensing-regulated 

behaviors by Scorzonera sandrasica. Curr. Microbiol. 2007, 55, 114–118. 

35. Truchado, P.; Giménez-Bastida, J.-A.; Larrosa, M.; Castro-Ibáñez, I.; Espı́n, J.C.;  

Tomás-Barberán, F.A.; Garcı́a-Conesa, M.T.; Allende, A. Inhibition of quorum sensing (QS) in 

Yersinia enterocolitica by an orange extract rich in glycosylated flavanones. J. Agric. Food Chem. 

2012, 60, 8885–8894. 

36. Alvarez, M.V.; Moreira, M.R.; Ponce, A. Antiquorum sensing and antimicrobial activity of 

natural agents with potential use in food. J. Food Safety 2012, 32, 379–387. 

37. Jaramillo-Colorado, B.; Olivero-Verbel, J.; Stashenko, E.E.; Wagner-Dobler, I.; Kunze, B.  

Anti-quorum sensing activity of essential oils from colombian plants. Nat. Prod. Res. 2012, 26, 

1075–1086. 

38. Olivero, J.T.V.; Pajaro, N.P.C.; Stashenko, E. Antiquorum sensing activity of essential oils 

isolated from different species of the genus Piper. Vitae 2011, 18, 77–82. 



Sensors 2013, 13 6227 

 

 

39. Zhu, H.; Liu, W.; Wang, S.; Tian, B.; Zhang, S. Evaluation of anti-quorum-sensing activity of 

fermentation metabolites from different strains of a medicinal mushroom, Phellinus igniarius. 

Chemotherapy 2012, 58, 195–199. 

40. Zhu, H.; Liu, W.; Tian, B.; Liu, H.; Ning, S. Inhibition of quorum sensing in the opportunistic 
pathogenic bacterium Chromobacterium violaceum by an extract from fruiting bodies of 
lingzhi or reishi medicinal mushroom, Ganoderma lucidum (w.Curt.:Fr.) p. Karst. (higher 
basidiomycetes). Int. J. Med. Mushrooms 2011, 13, 559–564. 

41. Ganin, H.; Rayo, J.; Amara, N.; Levy, N.; Krief, P.; Meijler, M.M. Sulforaphane and erucin, 

natural isothiocyanates from broccoli, inhibit bacterial quorum sensing. Med. Chem. Commun. 

2013, 4, 175–179. 

42. Chong, Y.M.; Yin, W.F.; Ho, C.Y.; Mustafa, M.R.; Hadi, A.H.; Awang, K.; Narrima, P.;  

Koh, C.L.; Appleton, D.R.; Chan, K.G. Malabaricone c from Myristica cinnamomea exhibits  

anti-quorum sensing activity. J. Nat. Prod. 2011, 74, 2261–2264. 

43. Vandeputte, O.M.; Kiendrebeogo, M.; Rajaonson, S.; Diallo, B.; Mol, A.; El Jaziri, M.;  

Baucher, M. Identification of catechin as one of the flavonoids from Combretum albiflorum bark 

extract that reduces the production of quorum-sensing-controlled virulence factors in 

Pseudomonas aeruginosa PA01. Appl. Environ. Microbiol. 2010, 76, 243–253. 

44. Koehn, F.E.; Carter, G.T. The evolving role of natural products in drug discovery. Nat. Rev. Drug 

Discov. 2005, 4, 206–220. 

45. Suga, H.; Smith, K.M. Molecular mechanisms of bacterial quorum sensing as a new drug target. 

Curr. Opin. Chem. Biol. 2003, 7, 586–591. 

46. Parsek, M.R.; Val, D.L.; Hanzelka, B.L.; Cronan, J.E., Jr.; Greenberg, E.P. Acyl homoserine 

lactone quorum-sensing signal generation. Proc. Natl. Acad. Sci. USA 1999, 96, 4360–4365. 

47. 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. 

48. Hentzer, M.; Givskov, M. Pharmacological inhibition of quorum sensing for the treatment of 

chronic bacterial infections. J. Clin. Invest. 2003, 112, 1300–1307. 

49. Givskov, M.; Nys, R.D.; Manefield, M.; Gram, L.; Maximilien, R.; Eberl, L.; Molin, S.; 

Steinberg, P.D.; Kjelleberg, S. Eukaryotic interference with homoserine lactone-mediated 

prokaryotic signalling. J. Bacteriol. 1996, 178, 6618–6622. 

50. Manefield, M.; de Nys, R.; Kumar, N.; Read, R.; Givskov, M.; Steinberg, P.; Kjelleberg, S. 

Evidence that halogenated furanones from Delisea pulchra inhibit acylated homoserine lactone 

(AHL)-mediated gene expression by displacing the AHL signal from its receptor protein. 

Microbiology 1999, 145, 283–291. 

51. Manefield, M.; Rasmussen, T.B.; Henzter, M.; Andersen, J.B.; Steinberg, P.; Kjelleberg, S.; 

Givskov, M. Halogenated furanones inhibit quorum sensing through accelerated LuxR turnover. 

Microbiology 2002, 148, 1119–1127. 

52. Ren, D.; Sims, J.J.; Wood, T.K. Inhibition of biofilm formation and swarming of Escherichia coli 

by (5Z)-4-bromo-5-(bromomethylene)-3-butyl-2-(5H)-furanone. Environ. Microbiol. 2001, 3, 

731–736. 



Sensors 2013, 13 6228 

 

 

53. Martinelli, D.; Grossmann, G.; Sequin, U.; Brandl, H.; Bachofen, R. Effects of natural and 

chemically synthesized furanones on quorum sensing in Chromobacterium violaceum.  

BMC Microbiol. 2004, 4, 25–34. 

54. Rasmussen, T.B.; Manefield, M.; Andersen, J.B.; Eberl, L.; Anthoni, U.; Christophersen, C.; 

Steinberg, P.; Kjelleberg, S.; Givskov, M. How Delisea pulchra furanones affect quorum sensing 

and swarming motility in Serratia liquefaciens MG1. Microbiology 2000, 146, 3237–3244. 

55. Heggers, J.P.; Cottingham, J.; Gusman, J.; Reagor, L.; McCoy, L.; Carino, E.; Cox, R.; Zhao, J.G. 

The effectiveness of processed grapefruit-seed extract as an antibacterial agent: II. Mechanism of 

action and in vitro toxicity. J. Altern. Complement. Med. 2002, 8, 333–340. 

56. Girennavar, B.; Cepeda, M.L.; Soni, K.A.; Vikram, A.; Jesudhasan, P.; Jayaprakasha, G.K.;  

Pillai, S.D. Grapefruit juice and its furocoumarins inhibits autoinducer signalling and biofilm 

formation in bacteria. Int. J. Food Microbiol. 2008, 125, 204–208. 

57. Vikram, A.; Jesudhasan, P.R.; Jayaprakasha, G.K.; Pillai, B.S.; Patil, B.S. Grapefruit bioactive 

limonoids modulate E. coli O157:H7 TTSS and biofilm. Int. J. Food Microbiol. 2010, 140,  

109–116. 

58. Lamberte, L.E.; Cabrera, E.C.; Rivera, W.L. Activity of the ethanolic extract of propolis (EEP)  

as a potential inhibitor of quorum sensing-mediated pigment production in Chromobacterium 

violaceum and virulence factor production in Pseudomonas aeruginosa. Philipp. Agric. Sci. 2011, 

94, 14–22. 

59. Rasmussen, T.B.; Skindersoe, M.E.; Bjarnsholt, T.; Phipps, R.K.; Christensen, K.B.; Jensen, P.O.; 

Andersen, J.B.; Koch, B.; Larsen, T.O.; Hentzer, M.; et al. Identity and effects of quorum-sensing 

inhibitors produced by Penicillium species. Microbiology 2005, 151, 1325–1340. 

60. Walker, T.S.; Bais, H.P.; Deziel, E.; Schweizer, H.P.; Rahme, L.G.; Fall, R.; Vivanco, J.M. 

Pseudomonas aeruginosa-plant root interactions. Pathogenicity, biofilm formation and root 

exudation. Plant Physiol. 2004, 134, 320–331. 

61. Daniels, R.; de Vos, D.E.; Desair, J.; Raedschelders, G.; Luyten, E.; Rosemeyer, V.; Verreth, C.; 

Schoeters, E.; Vanderleyden, J.; Michiels, J. The cin quorum sensing locus of Rhizobium etli 

CNPAF512 affects growth and symbiotic nitrogen fixation. J. Biol. Chem. 2002, 277, 462–468. 

62. Uroz, S.; Heinonsalo, J. Degradation of N-acyl homoserine lactone quorum sensing signal 

molecules by forest root-associated fungi. FEMS Microbiol. Ecol. 2008, 65, 271–278. 

© 2013 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/3.0/). 


