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ABSTRACT 
Nowadays there is rising threat of multi-drug resistant bacteria 

mainly occurring due to the indiscriminate use of antibiotics. 

The bacteria tend to aggregate on many surfaces forming 3D 

structures called biofilms which are akin to the tissue 

organization of higher organisms. These biofilms help the 

bacteria regarding the spread of antibiotic resistance and 

increase in their pathogenicity. These biofilms are maintained 

by a signalling network known as quorum signalling. QS is 

dependent upon the presence of auto & trans-inducers which 

affect bacterial transcription. Hence the aim of many 

researchers is to inhibit QS. In this regard, medicinal plants 

have become important and the aim of this review is to 

highlight the role of QS in biofilm formation and the plants 

which can inhibit QS. Proper identification of plants having 

such roles could be a potential strategy to target multi drug 

resistant bacteria in future studies.  
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1. INTRODUCTION 
Throughout the history of life on Earth, organisms have 

changed according to the changing times. The oldest organisms 

on Earth are found from the kingdom Monera, of which 

eubacteria are the most famous. Eubacteria coordinate their 

activities with higher order organisms by the expression of 

genes of the Quorum sensing (QS). The system of QS is 

involved in providing antibiotic resistance & pathogenicity [1-

5]. QS modulate the creation of biofilms, which is the cause of 

antibiotic resistance & chronic infection. The rise of multi-

antibiotic resistance has been linked to the role of biofilms, 

catalysing the search for newer anti-bacterial agents. In this 

regard, plants with its rich source of phyto-chemicals could 

prove to be a nemesis for biofilms. In this review paper, a brief 

overview of the QS system, its mode of functioning and the 

phyto-chemicals have been discussed as strategies to target QS 

pathway [6]. 

The QS system involves production of molecules known as 

“auto-inductors” which after reaching a particular 

concentration & interacting with regulators of transcription, 

allows specific group of gene expression. For example, the 

synthesis of an auto-inductor, N-acyl homoserine lactone 

(AHL) is dependent upon its transcriptional & post-

transcriptional regulations. AHL is used for signalling by the 

Gram negative bacteria while a 2 component sensor employing 

oligopeptides are being employed by Gram positive bacteria 

(Figure 1 & 2) [7]. 

 

Figure 1: Gram-ve bacteria showing Quorum sensing. AHL-synthase catalyses the formation of AHL which is an auto-inducer. 

At low amount, by an ATP-dependent process of transport, AHL molecules enter the cytoplasm from the external medium 

whereas passive diffusion occurs at high concentration of AHL in the medium. AHL upon reaching a threshold level (Quorum 

State), interacts with R, a regulatory protein acting as a regulator of transcription. The complex of R-AHL then attaches to the 

target genes’ promoter thereby initiating transcription dependent upon the density of bacteria .AHL - N-acyl homoserine 

lactone, R-AHL – R protein AHL complex[8] 
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Figure 2: Quorum sensing in Gram-positive bacteria. 

Oligopeptides are auto-inducers in Gram positive bacteria 

that have been post-translationally changed by the 

coupling ofisoprenyllactone/ thiolactone & lanthionine. 

These auto-inducers are then noted by transmembrane 

proteins that transduce the signals via a phosphorylation 

avalanche. The deviations are detected by the 2-

component receiver which ensures signal specificity[9] 

2. LITERATURE REVIEW 
Abdelhakim Bouyahya in his recent study discussed about the 

Infectious illnesses which are traditionally treated using 

chemicals and are designed to kill or limit bacterial growth. 

Bacterial drug resistance is a major public health problem. Now 

novel therapeutic objectives have been deciphered apart from 

the bacterial wall. Quorum sensing or bacterial pheromones are 

the chemicals known as the bacterial auto-inducer, to control 

certain processes like antibiotic resistance and the production 

of biofilms [10-14]. The often observed development of 

antimicrobial compound resistance is a key issue of this 

technique. The objective of this study is therefore to give an 

updated review of the quorum-sensing system in bacterial 

substances by disclosing its involvement in biofilm formation 

and antibiotic resistance development and by updating their 

relevance as a prospective natural substance target [15]. 

Anouk Van't Padje in recent study discussed about the 

relationship between mycorrhizal shrubby fungus and their host 

plants. The study looks at how partners transmit specific 

information via directional signals and highlights studies on the 

issue of dishonest signals [16]. 

W Robert McMaster in his study discuss that protozoal 

parasites, like other prokaryotic and viral infections, are being 

reported to control host cells through epigenetic changes of the 

host genome, altering transcription and corresponding 

signalling cascades. With these results, we are investigating the 

function of epigenetics in downregulating the Leishmania host 

macrophages, which may lead to irreversible inactivation and 

hence promote the survival of pathogenic diseases [17]. 

3. DISCUSSION 

3.1 Dependence of QS on different 

pathways 

3.1.1. QS Dependent on AHL Molecules 
Pseudomonas aeruginosa being a gram-negative bacterium, the 

QS process is maintained by the RHLR-I &LasR-I systems and 

the enzyme “lactone synthase (luxI)” catalyses the creation of 

AHL. Once the bacterial cells reach a critical mass (quorum) 

then the AHL in the medium seeps into the cells and interact 

with various transcriptional factors. There is a creation of two 

AHL molecules form, C4- HSL & 3OC12-HSL in P. 

aeruginosa where each molecule binds to their precise 

transcription regulator (like LasR to 3OC12-HSL and RHLR to 

C4-HSL). The complexes so formed further activate many 

regulators of transcription like toxA, lasI&lasB (Figure 1) [18].  

3.1.2. QS Dependent on Peptide Secretion 
Auto-inducing oligopeptides (AIPs) are employed as QS by 

gram positivebacteria who are family members of the agrD 

family of gene. When the threshold level of extracellular AIPs 

is reached which is dependent upon the bacterial cell density, 

they bind to the membrane-bound agrC receptor which auto-

phosphorylates agrA thereby setting up a cascade needed for 

the expression of agrBDCA proteins. This in turns activates the 

protease & toxin secretion of the bacterial cells (Figure 2) [19].  

3.1.3. QS Dependent on Production of AI-2 System 
Furanosyl borate diester (AI-2) is a signalling molecule found 

both in Gram psoitive and gram negative bacteria depending 

upon the threshold cell density & concentration. The 

production of AI-2 is conducted by a metalloenzyme called 

luxS from an ancestral molecule called as S-

adenosylhomocysteine. Moreover, luxS-controlled Operon is 

influenced by phosphorylation of AI-2[20].  

3.2 Formation of biofilms linked to 

pathogenicity of microbes: 
Biofilm is a dynamic population of microorganisms bonded to 

a region and controlled by the release of a protective & 

adhesive platform. It is akin to the tissue structure in higher 

organisms. Two factors are important in biofilm formation. A 

solid surface where a 3D structure of biofilm is formed & 

another criteria are the poorly described transcriptional 

factors[6,7].  

3.3 Targeting of QS pathway to tackle 

bacterial pathogenicity: 
In order to counter the growing multi-drug resistance in 

bacteria, anti-QS molecules are being searched. These QS 

molecules help to inhibit generation, or diffusion and also 

promotes inhibition of signal (Figure 3 & 4).  

https://pubmed.ncbi.nlm.nih.gov/?term=Bouyahya+A&cauthor_id=28942821
https://pubmed.ncbi.nlm.nih.gov/?term=Padje+AV&cauthor_id=27348594
https://pubmed.ncbi.nlm.nih.gov/?term=Robert+McMaster+W&cauthor_id=27142564
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Figure 3: Inhibiting AHL signal production inhibits quorum sensing signalling occurring by 3 modes: 1) Synthesis for acyl 

carrier protein- fatty acyl (acyl-ACPs; AHL synthase’s substrate) is inhibited 2) Synthesis N-acyl homoserine lactone (AHL) is 

directly inhibited 3) AHL transport inhibited[16] 

 

Figure 4: Signal reception being affected by inhibition of quorum sensing. Quorum sensing signal is inhibited by: 1) AHL 

degradation, 2) AHL sequestration 3) presence of AHL mimetic compounds [17] 

3.4 Retardation of QS by phyto-molecules or 

phytochemicals: 
The phyomolecules have been reported to have many medicinal 

value. Phyto-molecules are divided into following classes of 

chemistry: polyphenols, alkaloids, terpenes&coumarins. 

Flavonoids &terpenoids even at low amounts can act against 

bacterial membranes, cell walls & the electron transport system. 

Moreover the organic extracts of plants having medicinal value 

have been also reported to have medicinal value(9)(19). There are 

also reports of phyto-molecules acting against QS molecules 

leading to a reduction in biofilm formation. In table 1, the list of 

phyto-molecules isolated from plants having anti-bacterial roles 

owing to QS inhibition have been discussed. In (Figure 5), the 

anti-QS role of Curcumin has been illustrated. Here, Curcumin is 

shown to inhibit biofilm formation, factors that are dependent on 
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QS, inhibition of QS pathway genes & its interface with the 

environment. Curcumin is thus been reported to inhibit biofilms 

[19].  

In (Figure 1), Quoram sensing in gram negative bacteria has been 

illustrated. The enzyme AHL-synthase catalyses the formation of 

AHL (N-Acyl homoserine lactone), an auto-inducer. At low 

amount, by an ATP-dependent process of transport, AHL 

molecules enter the cytoplasm from the external medium whereas 

passive diffusion occurs at high concentration of AHL in the 

medium. AHL upon reaching a threshold level (Quorum State) 

interacts with R, a regulatory protein acting as a regulator of 

transcription. The complex of R-AHL then attaches to the target 

genes’ promoter thereby initiating transcription dependent upon 

the density of bacteria. In Figure 2, Quorum sensing in Gram-

positive bacteria has been illustrated. Oligopeptides are auto-

inducers in Gram positive bacteria that have been post-

translationally changed by the coupling of isoprenyllactone/ 

thiolactone & lanthionine (21–25). These autoinducers are then 

noted by transmembrane proteins that transduce the signals via a 

phosphorylation avalanche. The deviations are detected by the 2-

component receivers which ensure signal specificity. In Figure 3, 

Inhibiting AHL signal production inhibits quorum sensing 

signalling by 3 modes has been illustrated: 1) Synthesis for acyl 

carrier protein- fatty acyl (acyl-ACPs; AHL synthase’s substrate) 

is inhibited 2) Synthesis N-acyl homoserine lactone (AHL) is 

directly inhibited 3) AHL transport inhibited. In Figure 4 

illustrates that signal reception is affected by inhibition of 

quorum sensing by: 1) AHL degradation, 2) AHL sequestration 

3) presence of AHL mimetic compound. 

In (table 1), compounds isolated from plants having anti-quorum 

sensing roles has been tabulated. Plants traditionally known for 

their anti-bacterial roles are selected for bio-guided assay 

isolation of compounds having anti-bacterial roles. Of late, there 

is a great deal of interest in the phyto-molecules isolated from 

plants that have been traditionally reported to have anti-bacterial 

properties[15].  

Table 1: Compounds isolated from plants having anti-quorum sensing roles. Plants traditionally known for their anti-bacterial 

roles are selected for bio-guided assay isolation of compounds having anti-bacterial roles [9,15]

 
Figure 5: Curcumin targeting quorum sensing (QS). There 

are many reports of Curcumin being a medicinally valuable 

phyto-molecule isolated from Curcuma longa. Here, 

Curcumin is inhibiting biofilm formation, inhibiting factors 

dependent on QS, inhibition of QS pathway genes & 

interface [17] 

4. CONCLUSION 
Biofilms are formed due to the presence of Quorum signalling 

and help in establishing of microbial communities over hard 

surfaces. Biofilms have been blamed for the rise of multi-drug 

antibiotic resistant bacteria as these bacteria tend to transfer 

antibiotic resistance genes among themselves. Biofilms are 

formed akin to tissues in higher organisms. Biofilms are formed 

as a bacterial community on solid surfaces and help in the 

occurrence of pathogenicity and antibiotic resistance. Biofilm 

formation is dependent upon the role of quorum signalling which 

is dependent upon a chain of auto and trans inducers that affect 

bacterial gene transcription. In order to counter QS, many 

medicinal plants have been discovered having anti-bacterial roles 

and the aim of this paper is to highlight the role of QS in biofilm 

formation & the medicinal plants that can be used to counter it. 

The present study provides brief description about the various 

mechanisms of quorum sensing that lead to formation of biofilms 

and also regarding the plants having the ability to prevent the 

formation of biofilms. The proper identification of phyto-

molecules that inhibit QS leading to decrease in formation of 

biofilms would certainly help in the industrial scale production of 
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such anti-bacterial phyto-molecules thereby helping to fight 

against multi-drug resistant bacteria.  
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