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   	Quorum Sensing (QS) is the process of chemical communication among bacteria to coordinate their activities necessary for their survival. It is a chemical signaling process through which bacteria recognizes information from other bacteria cells and regulates bacterial gene expression. QS inhibition has become an attractive project to control and combat the activity of multidrug resistant pathogens. Many natural occurring compounds derived from various plant sources can combat pathogens with unique chemical mechanism. Different plant extracts like alkaloids, flavonoids, phenolic compounds, quinones etc. have the unique property to control the pathogenic activity. In this review, anti-QS property of natural substances obtained from different plant sources are discussed briefly.
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		INTRODUCTION



Bacteria communicate it cell to cell through a special signaling system called Quorum Sensing (QS). As an antimicrobial process, QS is a well-accepted and recognized target. The changes in population density of bacterial cell are detected by the production of autoinducer signal molecules and QS induces the specific gene expression. Anti QS is also known as Quorum Quenching (QQ) and it reduces the bacterial virulence and biofilm production. QQ is also advantageous since it does not produce drug resistance in bacteria owing to the fact that anti-QS does not impose any selection pressure. With the help of detection, diffusion, production and responses to chemical signaling molecules, communications among bacteria happens and are called autoinducers. With the increase in bacterial cell population AHL concentration reaches a specific level called threshold concentration. At this concentration level Autoinducers are detected. Thus, for the regulation of bacterial behavior like discharge and development of biofilm formation, virulence factors and also antibiotic production autoinducers are used in QS process. There is various type of signal molecules are produced by bacteria of which most common are i) Acyl homoserine lactone (AHL) - Lux R/I mechanism in gram-negative bacteria, ii) Auto inducing peptide (AIP) - in gram-positive bacteria and iii) Lux S /AI 2 in both gram-positive and gram-negative bacteria (Figure 1) [1].



QUORUM SENSING INHIBITION IN PLANTS



From the ancient ages, natural products especially extract from various plants were used in the treatment of various diseases. Plants do not have immune system like mammals and humans but they have developed unique anti-QS properties to control the pathogenic activity.



Recently, new medicines have been discovered for cure of various diseases by biologically active ingredients of natural products, mostly the once that are derived from plants [2]. In order to protect itself from the attack of pathogen, several studies proved that eukaryotes have developed efficiency to influence bacterial QS system [3]. It was first identified that the halogenated furanones produced by benthic marine microalga Delisea pulchra get in the way of the N-acylated homoserine lactones (AHL) regulatory system in a number of Gram-negative bacteria by competitively binding to LuxR type proteins. In the natural marine environment these QS. For example, lactone bond of AHL signaling compound was found to be hydrolyzed by N-acyl homoserine lactonase enzyme [6]. The paraoxonase (PON) enzyme which is present in epithelial cells of human airway also show anti QS property [7].



MECHANISMS



In order to prevent and treat contagious diseases, natural products play an essential role [8]. There are three different ways by which the plant compounds frequently aim the bacterial QS. These are by blocking the signaling molecules from being synthesized or by objectifying the LuxR signal receptor and by either discontinuing the signaling molecules [9].



A series of reaction are typically involved in AHL Biosynthesis that uses S-adenosyl methionine (SAM) as the amino contributor is generating the lactones ring moiety, and an acyl transporter protein (ACP) as the forerunner for the N-acyl side chain of the AHL molecules. Number of SAM analogues show anti QS actions and have been synthesized [10].



There can be non-competitive and competitive molecules which can interfere with the binding of AHL to cognate LuxR receptor to obstruct with signal reception. The molecules should be structurally identical to AHLs for competitive molecules to bond to AHL receptor. For competitive binding molecules binds to the site of the receptor. So, these molecules do not bind to AHL. For competitive binding, the molecules which are structurally similar to AHL are produced by the plants and hence they can bind to the AHL receptor [11]. Hence, QS inhibitors can also affect the integrity of biofilms and hence, it will make the bacteria more disposed to usual antibiotics [12]. To reduce the opportunity of the bacteria from becoming resistant this serves as an advantage [13].



In gram-positive bacteria, auto inducing peptides are modified and transported out of the cell by ATP binding cassette exporter complex. When the threshold value of concentration of AIP reaches, the sensor kinase protein is activated and the response regulator protein is phospholyted. This protein is then bound to the target promoter which in turn leads to QS gene regulation.



In gram-negative bacteria, AI’s are synthesized and concentration of AIP is increased. When a particular concentration called threshold concentration, of AIP is reached, it diffuses out the cell walls of bacteria and a positive feedback loop is formed that causes more and more signaling molecules to be synthesized. The Ais approaches to the cognate receptor and bind to them to form auto inducer receptor complex. This complex moiety is then bind to the promoter. Finally, this results in QS gene regulation [14] (Figure 2).
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The red marine algae which are also known as D. Pulchra is the most broadly studied natural compound. By interfering along with the AHL system, this Australian seaweed can manage bacterial colonization [15]. Halogenated furanones competitively bind to the LuxR type proteins in process to inhibit the QS regulated behaviors [16], as a result they enhance the rate of proteolytic degradation without killing the bacteria for their role in inhibiting biofilm formation [17]. Early researches show that for both AI-1 and AI-2 meditated QS system furanones are well-built inhibitors [16], which is partially relieved when the AHL absorption gets increased [15].



Beside red marine alga, grapefruit extracts also consist of a number of bioactive compounds such as limonoids, furocoumarins, pectin, carotenoids and coumarin which have antifungal and antibacterial actions [18]. Tough inhibitions against AI-1 and AI-2 activities are present in Furocoumarins. Moreover, the formation of biofilms in P. aeruginosa, S.  typhimurium and E. coli is also hindered [19].



Other higher plants which are found to process anti-QS properties are vegetables. Anti QS actions against the luxl-gfp reported strain is present in chamomile, an array of peppers, water lily and even in carrot [11]. Also, obacunone has been proven to have a strong antagonistic activity against both AI-2 system and AHL, biofilm formation and EHEC virulence [20].



Moreover, it has been observed that the plants have the capability to degrade the signaling molecules produced by the bacteria and this will obstruct the bacteria virulence factors by disrupting their connection system [6].  There are certain fungi like Meliniomyces, Phialocephala and Ascomycete which are found in plant roots. These fungi can interfere with AHL and can control pathogenic activity [21].



Carvacrol is a compound which is found in many aromatic plants like oregano and it has anti-bacterial property. Carvacrol can reduce the production of violacein in C. violaceum ATCC 12472, Salmonella enterica subsp. Typhimurium DT104 and Staphylococcus aureus 0074 [22].



QUORUM SENSING INHIBITORS: FEW EXAMPLES



In human civilization, the uses of extracts from different plants where these compounds are mainly secondary metabolites and these are mainly phenols or oxygen-substituted phenols [23]. Oroidin, ursolic acid, cinnamaldehyde, salicylic acid, methyl eugenol, garlic extracts and also fruits which are constitute of plants, have the anti-biofilm properties towards various pathogens and bacteria [24]. Since these plants can be consumed by humans, the active compounds that are having QS inhibitory performances from the plants should be deemed as a secure and must not cause toxicity in the direction of human cells, but toxicity studies on these compounds are still required. Plants are capable of producing mimic molecules having anti-QS property. Besides that, there are certain plants or plant parts such as pea seed (Pisum sativum) which can ooze out liquids containing compounds having anti-QS property [11]. These observations lead to a better understanding about the process of inhibition of bacterial QS system. Researchers generally use biosensors for the screening of compounds which have anti-QS property. E. coli [pSB401], E. coli [pSB1075], C. violaceum CV026 etc. are used as biosensors. As these biosensors do not have the ability to produce AHL, it is supplied from outside and different QS traits like bioluminescence and violacein making are studied. The implication of the inhibition helped to calculate the anti - QS capability of compounds or extracts [25]. In the Table 1 below, some examples of inhibitors from plant sources are given -
[image: ]

CONCLUSION

In last few decades, several noble antibiotics are discovered to control the pathogenic activity. But the biggest challenge is the capability of bacteria to develop resistance against these drugs. Anti-QS will not likely cause resistance problems as it does not pose selection pressure and may be an important way to control antimicrobial activity. The examples cited here demonstrate the inhibition of virulence by inhibiting QS process. QS inhibition may be the future weapon to control the pathogenicity of various bacteria along with antibiotics. A new type of drug may be synthesized which would be cost effective and would have very few side effects.
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