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Introduction 
Quorum sensing (QS) systems are bacterial cell-to-cell 
communication systems involved in the regulation of virulence 
of many pathogenic bacteria. It has been suggested as a new 
target for the novel antimicrobial therapies. In Gram-negative 
bacteria, the studied QS systems use N-acyl homoserine lactones 
(AHLs) as signal molecules, but a thiolactone/lactone peptide-
mediated quorum sensing (QS) system is commonly employed in 
the Gram-positive bacteria. Plant extracts with promoting effects 
owing to their antimicrobial prosperities have been gaining 
several research focuses in recent years. With respect to the 
treatment, a novel antimicrobial strategy is to interrupt bacterial 
quorum sensing by means of signal antagonists, the so-called QS 
inhibitors (QSIs). This review provides an overview of the new 
approaches targeting bacterial quorum sensing, highlighting the 
potential of the plant extracts on the inhibition of expression of 
specific QS-induced gene(s).

In the last few decades, bacteria regulate both bacterium-
bacterium interactions and associations with higher organisms 
through a cell-to-cell communication mechanism recognized 
as quorum sensing (QS) systems. Quorum Sensing (QS) is a 
regulatory system that enables bacteria to make collective 
decisions regarding the expression of a specific set of genes [1]. 
It regulates bacterial pathogenesis by stimulating the expression 

of disease causing traits, such as motility, biofilm formation, 
sporulation, and expression of many virulence determinants [2].

It was evident that the QS is realized through the bacterial 
production of small diffusible chemical signaling molecules 
called  as autoinducers (AI) or bacterial quoromone which 
allows bacteria to adjust their needs through alterations of the 
transcriptional program in a population density-dependent way. 
The QS-controlled behaviours occured only when the bacterial 
population grows until a threshold concentration of the bacteria 
is attained, will lead to activation or repression of specific genes. 
The accumulation of these molecules can occur only when the 
bacteria reach a specific cell density, termed as quorum [3].

The autoinducers can differ depending on the type of the 
bacteria. The AIs utilized by Gram-negative bacteria are known as 
N-acyl homoserine lactones (AHLs), while Gram-positive bacteria 
use the post-translationally modified oligopeptides as signaling 
molecules [4].

Gram-negative bacteria QS systems are based on LuxI/LuxR 
homologues. The LuxI homologues encode an AHL synthase 
involved in the synthesis of signal molecules, and the LuxR 
homologues encode the transcription regulatory protein which, 
upon binding of the cognate signal molecules, activates the 
transcription of the QS target genes [5].
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In Gram-positive bacteria, the chemical signal is a modified 
oligopeptide or auto-inducing peptide (AIP). The peptide signal 
precursor locus is translated into a precursor protein which is 
cleaved to produce the processed peptide autoinducer signal. 
This signal is then transported across the membrane out of the 
cell. Extracellular accumulation of these signaling oligopeptides 
results in activation of a two-component signaling system 
resulting in altered gene expression [6].

There is an increasing need for the discovery of novel approaches 
such as alternative antimicrobial therapies those present novel or 
unexplored properties to efficiently control and manage bacterial 
infectious diseases. One such approach involves interrupting 
bacterial communication instead of killing the bacteria. 

Since ancient times, plant food extracts and phytochemicals have 
been often used in nutrition and medicine because of their wide 
range of beneficial effects against chronic diseases as well as 
their antimicrobial activities. 

In fact, crude plant extracts are found to be more effective than 
their isolated constituents at an equivalent dose attributing to 
positive interactions between components of the whole plant 
extracts. This synergy may include prevention of the active 
components from degradation by enzymes or facilitate transport 
across the cell barriers resulting in higher efficacy of the crude 
drug when compared with the purified components [7]. Hence, it 
is lately fulfilled that crude extracts are possibly the right strategy 
to treat the multi-drug resistant pathogenic bacteria comparing 
to the purified compounds isolated from the same extract.

Owing to the multi-component mechanisms used for plant-
associated bacterial control and inhibition of pathogenic 
bacteria, further studies on the purification of active components 
and production of medicinal plant activities based on novel 
strategies are vital [8]. Moreover, a detailed chemistry of the 
active compounds and further evaluation of their mechanisms 
of actions and interaction with microbial processes are needed 
to be addressed [9]. 

Besides possessing several antibacterial properties, herbal 
remedies can also target the bacterial QS which have emerged 
as an attractive target to control their pathogenicity. In the last 
years, plant food extracts and phytochemicals have also been 
emphasized as quorum sensing inhibitors (QSI) [10]. One of 
the keys of success of plant food extracts and phytochemicals 
is attributed to their similarity to the ideal QSI, which involves 
being chemically stable and highly effective low-molecular-mass 
molecules with the added benefit that most of them are harmless 
for the human health [11].

Actually, the ability of plant extracts to interrupt QS systems 
may serve as a defense mechanism to combat against bacterial 
invasion. By targeting QS, an infective property of the bacteria, 
one can potentially impede the rate of resistance and infection. 

Many research studies have notified the ability of plant extracts 
and phytochemicals to interfere in the intra-and inter-species QS 
communication systems [12].

The plant components often target the bacterial QS system via 
different ways, by stopping the signaling molecules from being 
synthesized by the luxI encoded AHL synthase, degrading the 
signaling molecules and/or targeting the luxR signal receptor 
[13]. The most commonly identified mechanisms of action of 
plant food extracts and phytochemicals are related to their 
similitude in chemical structure to QS signals (AHL) and also 
their capacity to degrade signal receptors (LuxR/LasR) [14]. Some 
studies have shown the protective effects of the QSI compounds 
against pathogenic bacterial invasion. However, more in vivo 
studies are required to introduce appropriate results regarding 
bacterial pathogenesis and QS inhibition [15]. 

Interestingly, anti-QS compounds are important as they will 
unlikely cause resistance problems as they do not pose selection 
pressures. Most antagonists have narrow spectrum activities, 
which only target specific pathogens. This may be useful as they 
will specifically target a type of pathogen in a polymicrobial 
environment, but such a narrow antagonistic action has limited 
clinical values. Therefore, a cocktail therapy involving both 
antibiotics and anti-QS antagonists may provide synergistic 
effects [16].

Plant extracts comprise promising tools for the management of 
bacterial pathogenesis and microbial modulation. Earlier studies 
on anti-QS activities of plant extracts in bacteria have focused 
mainly on elucidating the inhibition of expression of well-
established specific QS-induced gene(s) [17]. Reduction in QS 
gene expression will be correlated to the attenuation of bacterial 
virulence resulting in prevention of bacterial adverse effects 
[18]. The quantitative real time PCR (qRT-PCR) data and DNA 
microarray studies had shown the down regulation of the QS-
related genes in various bacterial species, which is believed to be 
one of the major reasons responsible for the observed reduction 
in their virulence properties [19,20]. Finally, the reduction of 
QS gene expression and signaling molecule levels that affects 
the virulence factors production provides more insight into why 
these plant extracts were used in the past and how they can be 
used in the future to combat the bacterial infections [21].

Conclusion 
Use of plant extracts is common in folk medicine for the 
treatment of bacterial infection. They have a great activity in 
inhibiting the bacterial QS systems and thereby mitigate bacterial 
pathogenesis. The mechanisms of action of these compounds as 
QSI are variable. Plant extracts constitute a promising tool for 
the management of bacterial pathogenesis through modulation 
of bacterial virulence genes. They have a vital role on the down 
regulation of the QS-related genes.



3

ARCHIVOS DE MEDICINA
ISSN 1698-9465

2016
Vol. 1 No. 1: 4

© Under License of Creative Commons Attribution 3.0 License 

Journal of Molecular Biology and Biotechnology 

References
1 Adonizio A, Kong K, Mathee K (2008) Inhibition of quorum sensing-

controlled virulence factor production in Pseudomonas aeruginosa 
by South Florida plant extracts. Antimicrob Agents Chemother 52: 
198-203.

2 Atkinson S, Williams P (2009) Quorum sensing and social networking 
in the microbial world. J R Soc Interface 6: 959-978. 

3 Bacha K, Tariku Y, Gebreyesus F, Zerihun S, Mohammed A, et al. 
(2016) Antimicrobial and anti-quorum sensing activities of selected 
medicinal plants of Ethiopia: Implication for development of potent 
antimicrobial agents. BMC Microbiol 16: 139. 

4 Bassler BL (2002) Small talk: Cell-to-cell communication in bacteria. 
Cell 109: 421-424.

5 Hasan S, Danishuddin M, Khan AU (2015) Inhibitory effect of zingiber 
officinale towards Streptococcus mutans virulence and caries 
development: in vitro and in vivo studies. BMC Microbiol 15: 1. 

6 Ghosh R, Tiwary BK, Kumar A, Chakraborty R (2014) Guava leaf 
extract inhibits quorum-sensing and Chromobacterium violaceum 
induced lysis of human hepatoma cells: whole transcriptome 
analysis reveals differential gene expression. PLoS One 9: e107703.

7 Jakobsen TH, Bragason SK, Phipps RK, Christensen LD, Van Gennip 
M, et al. (2012) Food as a source for quorum sensing inhibitors: 
iberin from horseradish revealed as a quorum sensing inhibitor of 
Pseudomonas aeruginosa. Appl Environ Microbiol 78: 2410-2421. 

8 Kalia VC (2013) Quorum sensing inhibitors: An overview. 
Biotechnology advances 31: 224-245.

9 Kalia VC, Purohit HJ (2011) Quenching the quorum sensing system: 
potential antibacterial drug targets. Crit Rev Microbiol 37: 121-140. 

10 Koh CL, Sam CK, Yin WF, Tan LY, Krishnan T, et al. (2013) Plant-derived 
natural products as sources of anti-quorum sensing compounds. 
Sensors (Basel) 13: 6217-6228. 

11 Lee JH, Kim YG, Cho MH, Wood TK, Lee J (2011) Transcriptomic 
analysis for genetic mechanisms of the factors related to biofilm 
formation in Escherichia coli O157:H7. Curr Microbiol 62: 1321-1330. 

12 Li G, Yan C, Xu Y, Feng Y, Wu Q, et al. (2014) Punicalagin inhibits 
Salmonella virulence factors and has anti-quorum-sensing potential. 
Appl Environ Microbiol 80: 6204-6211. 

13 Novick RP, Geisinger E (2008) Quorum sensing in staphylococci. 
Annual Review of Genetics 42: 541-564.

14 Rasmussen TB, Givskov M (2006) Quorum sensing inhibitors: a 
bargain of effects. Microbiology 152: 895-904.

15 Rasoanaivo P, Wright CW, Willcox ML, Gilbert B (2011) Whole plant 
extracts versus single compounds for the treatment of malaria: 
synergy and positive interactions. Malar J 10: S4.

16 Rutherford ST, Bassler BL (2012) Bacterial quorum sensing: its role in 
virulence and possibilities for its control. Cold Spring Harb Perspect 
Med 2: a012427. 

17 Schuster M, Sexton DJ, Diggle SP, Greenberg EP (2013) Acyl-
homoserine lactone quorum sensing: from evolution to application. 
Annu Rev Microbiol 67: 43-63. 

18 Suga H, Smith KM (2003) Molecular mechanisms of bacterial quorum 
sensing as a new drug target. Curr Opin Chem Biol 7: 586-591.

19 Tolmacheva AA, Rogozhin EA, Deryabin DG (2014) Antibacterial and 
quorum sensing regulatory activities of some traditional Eastern-
European medicinal plants. Acta Pharm 64: 173-186. 

20 Truchadoa P, Larrosaa M, Castro-Ibaneza I, Allendea A (2015) Plant 
food extracts and phytochemicals: Their role as quorum sensing 
inhibitors. Trends in Food Science & Technology 43: 189-204.

21 Vandeputte OM, Kiendrebeogo M, Rajaonson S, Diallo B, Mol A, et 
al. (2010) Identification of catechin as one of the flavonoids from 
Combretumalbiflorum bark extract that reduces the production 
of quorum-sensing-controlled virulence factors in Pseudomonas 
aeruginosa PAO1. Appl Environ Microbiol 76: 243-253.


