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ABSTRACT

Quorum sensing is the cell to cell communication mechanism in microorganism through signalling molecules.
Pseudomonas aeruginosa is an opportunistic pathogenand well known for its nosocomial infection and multi-drug
resistance (MDR).P. aeroginosa uses quorum sensing system to regulate their co-operative phenotypic behaviours
like biofilm formation, virulence factor etc.,Las and Rhl are acyl homoserine lactone(AHL) based QS systems
present in P.aerginosa and the Las system comprised of the transcriptional factor called LasR which can activate the
expression of target virulence gene. Thus the pathogenic activity of in P.aerginosacan be repressed by restraining
the target protein, LasR with suitable bioactive molecules. In the present study, bioactive compounds from various
natural food sources have been selected and tested against LasR protein using bioinformatics tools for its quorum
quenching activity. In silico analysis gave prominent results for thirteen compounds out of 25 compounds tested
with best docking score. These selected for compounds can be suggested for in vitro and in vivo studies and could
be used for QSI based drugs against P.aerginosa infections.

Keywords: Quorum Sensing Inhibitors (QSI), P. aerginosa, Nosocomial infection, Molecular Docking, Bioactive
compounds.

1. INTRODUCTION

Quorum sensing (QS) is a cell-to-cell communication mechanism which involves the production, detection and
response towards the Auto inducers (Als) which are the extracellular signalling molecules. As the bacterial
population increases these auto inducers accumulate and are responsible to monitor and track changes in cell
numbers and can collectively alter gene expression to regulate their co-operative phenotypic behaviours like biofilm
formation, virulence factor etc., Pseudomonas aeruginosa is a Gram negative bacteria which is a causative for
various infections like urinary tract infections, pneumonia, diarrhoea and also an important nosocomial infecting
pathogen. Other than being clinically relevant it’s considered as a medical nuisance as it causes blockages in stents,
filtration devices etc., P.aeruginosa was found to be resistant to many of the antibiotics such as cephalosporin,
amino glycosides etc., In recent years, the multidrug resistant has played an important role in wide variety of public
health. In Worldwide, the most emerging challenges of related to nosocomial infections are related to significant
morbidity and mortality, due to developing and developed countries (Feng et al., 2021). Because MDR to
recognized drugs for several reasons and serious issues. So many research was evolved from antimicrobial
therapeutic agents that it could be control the drug resistance has prompted (Arumugam et al., 2021).

Pseudomonas aeruginosa is one of the leading causes of nosocomial infections, because of capacity of inflict
extremely severe infections. The quorum sensing systems of p. aeroginosa includes Las and Rhl which are
AHL-based.The Las system is comprised of the transcriptional regulator LasR and its cognate AHL signal,
N-(3-oxododecanoyl) -l1-homoserine lactone (3-oxo-C12- HSL), synthesized by the AHL synthase Lasl (Gambello
and Iglewski, 1991; Passador et al.,1993) Similarly, the Rhl system is comprised of RhIR together with its cognate
AHL, N-butyryl-1-homoserine lactone (C4-HSL), synthesized by the Rhll AHL synthase (Ochsner ef al.,1994; Latifi
et al.,1995). P.aeruginosa uses these signalling molecules to regulate its virulence activity and biofilm formation.

Recent studies witnessed the evolution of multidrug resistance in bacteria, and thus need of a novel antimicrobial
strategy which can interrupt with bacterial communication by Quorum Sensing inhibitors (QSI). Research evidences
has shown that blocking quorum signalling mechanism can help in proper action of the immune system and can lead
to removal of infecting microbe.The naturally occurring quorum-quenching mechanisms that effectively interfere
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with microbial quorum sensing has been found in prokaryotes as well as eukaryotes and act by blocking the key
steps of quorum sensing, such as signal generation, signal accumulation or signal reception (Dong et al.,2007).
Researches had documented health promoting and diseases resistant properties as well as importance of various food
components to reduce various diseases and the role of various probiotics content in dairy products in improving and
preventing gastrointestinal and other diseases. Various studies relieved the importance of personalized diets
according to risk group of an individual and its health benefits. Many studies had relieved the presence of active
Quorum sensing Inhibitor components in various food sources and found that various crude extracts from food
products helps in rapid clearing of microbes.According to studies conducted by Zimmer et al, blueberry fruit
extracts showed marked activity against S. epidermidis biofilm without inhibiting bacterial growth (Zimmer et al.,
2014). Various studies reported the presence of potential substances that can control or inhibit quorum sensing,
however these studies are limited there are still many substances that can be used for quorum quenching.Studying
these food derived components can be helpful for the well-being of people and thus there comes a need to explore
this field.In the present study natural food components were screened for their Quorum sensing inhibiting activity
against LasIR target of P.aeruginosausingcomputer aid programmes like virtual screening and molecular docking.
These techniques may enable us to identify potential anti QSI molecules against LasR of P.aeruginosa thereby can
be tested in-vitro and in-vivo and could be used as food-based drug against drug resistant P.aeruginosa infections.
The present study aimedto evaluate the quorum sensing inhibition activities using edible bioactive compounds by in
silico method against nosocomial infection causing drug resistant P. aeruginosa.
2. MATERIALS AND METHODS
2.1. Selection of bioactive compounds
The molecular docking analysis was performed using SwissDock to understanddocking interactions between edible
bioactive compounds against quorum sensing regulated proteins of P.aeroginosa.Bioactive compounds from certain
foods were selected based on the previous research records and are listed in the table 1.

Table 1: Food Source and bioactive compounds

FOOD SOURCE BIOACTIVE COMPOUNDS
Milk Bovine Lactoferrin
Green tea (-) - epicatechin ( EC)

(-) — epicatechin-3-gallate(ECG)
(-)-epigallocatechin(EGC)
(-)-epigallocatechin-3-gallate(EGCG)
Zingiber officinale 6-gingerol
8-gingerol
10-gingerol
Curcuma amada Cinnamic acid
Ferulic acid
P-coumaric acid
Protocatechic acid
Gentisic acid

Gallic acid
Orange Naringin

Neohesperidin

Hesperidin
Grapes Rasveratrol
Lemon D-Limonene

Limonexic acid

Mango Mangiferin( 2-B-D-glucopyranosyl-1,3,6,7-tetrahydroxy-9H-Xanthen-9-
one)
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Pumpkin, Chilli, Eggplant Zeaxanthin
Fish Docohexaenoic acid

Eicosapentanoic acid
Cauliflower Quercetin

Retrieval of 3D Structures of Target and food compounds
Protein Data Bank (PDB)
The Protein Data Bank (PDB; http://www.rcsb.org/pdb/) is a worldwide database of three dimensional structural
data of biological macromolecules like proteins and nucleic acids.
These structures are freely accessible and are submitted by the researchers from the biological methods like X-ray
crystallography, NMR spectroscopy, or cryo-electron microscopy. The high resolution three dimensional structures
of the target protein (PDB ID: 6MVN) used in this paper are from the PDB database and also we used the structure
of known anti-quorum sensing compound bounded to our preferred targets.
PubChem
PubChem (https://pubchem.ncbi.nlm.nih.gov) is a public chemical information database at National Center for
Biotechnology Information (NCBI), in which Millions of compound structures and descriptive datasets can be freely
downloaded via FTP. PubChem assembles the data into three inter-linked databases, Substance, Compound, and
Bioassay. Here we are taking structures of 25 food derived compound from PubChem database. The downloaded
structures are in SDF format, it can be converted to MOL2 format using chimera for docking process.
Molecular Docking of Bioactive Compounds to Target by SwissDock
Most of the biological processes are based on the interaction between molecules. These molecules maybe proteins,
enzymes or drugs, and a convenient interaction between them gives the best result. Prediction of these interaction by
a software is called Docking. In simple definition, docking is a molecular modelling method helps to predict how
well a protein interacts with a ligand molecule. Docking methods are extremely useful in various areas of biological
research, and obviously we need some of the docking software’s to do these processes. The Swiss Dock web server
dedicated to the docking of small molecules on target proteins. It provides simple docking methods, in which the
structures of the target protein and the ligand can be automatically prepared for docking. In addition, the docking
runs do not require any computational power from the user; all the calculations are done by the server side. The
interpretation of docking results, their integration and visualization of docking predictions can be done using the
UCSF Chimera molecular viewer; it can be launched directly from the web browser (Grosdidier, 2011).
3D visualization and the structural analysis of molecular entities and the analysis of Fitness score by UCSF
Chimera
It is molecular modeling software for visualization and analysis of molecular structures which allows for 3-D
visualization and structural analysis of molecular entities, and enhances researcher workflow with novel extension
features. Chimera is developed by the Resource for Biocomputing, Visualization, and Informatics (RBVI). This
software has wide array of features accessible through both commands and graphical interfaces and allows the
production of high-quality images and movies for publication and presentation. It has been broadly used for
academic and industry researchers, educators, and students. Chimera is an extensible visualization system which
offers outside developers to incorporate new desirable functions, for example Multiscale modes, which adds the
ability to visualize large-scale molecular assemblies like viral coats, Multalign Viewer, for showing multiple
sequence alignments and associated structures; View Dock, to screen docked ligand orientations. (Pettersen, 2004).
RESULTS
Twenty five bioactive compounds from different food based molecules are collected from PubChem database and
are subjected to molecular docking studies using SwissDock. The crystallographic structures of LasR protein with
PDB ID: 6MVN is used as target.The molecular docking data were obtained from different edible bioactive
compounds and its interactions between the secondary metabolites and the target receptors such as LasR protein.
These results of in silico molecular dockings studies evidenced the possible regulatory role of the phytochemicals
present in the natural resources.
The compound that is extensively used for inhibiting the biofilm formation of Pseudomonas aeruginosa was docked
for the comparison purpose. The results obtained from SwissDock had been analyzed using UCSF chimera and full
fitness and AG Kcal/mol are noted in the table 2.

Table 2: docking scores of known inhibitor

Target name Ligand Cluster No of members FullFitness Estimated
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3-0x0-N-[(3S)-2-
oxotetrahydrofuran-3-

yl]decanamide (Cis Hz; N

0s)

Number in the cluster
0 10

1 5

2 7

3 8

(kcal/mol)

-1022.15
-1004.27
-997.07
-992.14

AG(kcal/mol)

-10.05
-8.28
-8.3
-6.78

From the molecular docking studies, 10 food components, 6-gingerol, 8-gingerol,Gentisic acid, Caffeic, Ferulic,
Coumaric acid, Protocatechuic acid, Reseratrol, Oleic acid, Eicosapentaenoic acid, Docosahexaenoic acid,
Limonene, Quercetin have similar docking scores with the know inhibitor. The compounds that given the best
docking scores are given in Table 3. The ribbon representation with interaction of selected compounds were given in

Fig.1.
z(%l“able 3: Docking scores of those compounds that had given best score similar to score of known inhibitor
Target Name | Ligand Cluster No of members in the | FullFitness Estimated AG
Number cluster (kcal/mol) (kcal/mol)
LasR  protein | Ofeic acid 0 8 -1007.16 -6.93
(PDB 1D 1 8 -1006.77 -7.06
6mvn)
2 8 -1006.54 -6.88
3 8 -1006.5 -6.89
6-Gingerol 0 7 -978.66 -9.01
1 4 -978.6 -8.52
2 8 -967.97 -6.41
3 8 -967.74 -6.67
8-Gingerol 0 8 -973.62 -6.74
1 8 -972.34 -6.88
2 8 -972.22 -6.86
3 8 -971.2 -7.12
Reseratrol 0 4 -982.2 el
1 0 -981.14 -7.23
2 10 -979.84 -7.09
3 3 -979.06 -7.02
Gentisic acid 0 17 -978 -6.29
1 8 -977.97 -6.51
2 8 -977.53 -6.46
3 12 -977.48 -6.45
Eicosapentanoic acid 0 8 -978.54 -7.38
1 2 -978.54 -7.38
2 8 -976.72 -7.09
3 8 -976.59 -6.59
Docosahexaenoic acid 0 8 -979.41 -7.62
1 8 -978.47 -7.24
2 8 -978.1 -7.13
3 8 -977.08 -7.27
Coumaric acid 0 8 -987.18 -6.98
1 6 -986.53 -6.71

4376




International Journal of Early Childhood Special Education (INT-JECSE)
DOI: 10.9756/INT-JECSE/V1412.479 ISSN:1308-5581 Vol 14, Issue 02, 2022

2 8 -985.47 -6.63
3 8 -983.13 -6.52
Caffeic acid 0 8 -984.55 -7.11
1 11 -983.75 -6.8
2 14 -982.85 -6.82
3 8 -978.64 -7.25
Ferulic acid 0 11 -975.75 -7.12
1 16 -974.18 -7.15
2 3 -969.7 -6.83
3 12 -952.48 -5.9
Protocatechuic acid 0 2 -963.27 -6.31
1 13 -963.19 -6.49
2 4 -962.44 -6.47
3 4 -962.43 -6.44
Limonene 0 13 -969.12 -6.71
1 8 -968.09 -6.66
2 2 -966.73 -6.53
3 10 -963.47 -6.32
Quercetin 0 8 -949.04 -8.09
1 8 -943.44 -7.53
2 8 -938.28 -7.41
3 8 -937.95 -6.55
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Fig.1: Ribbon representation of LasR protein docked with 8-Gingerol (A), Oleic acid (B), Reseratrol (C), Gentisic
acid (D),6-Gingerol (E) , Quercetin (F), Caffeic acid (G), Ferulic acid (H),. Limonene(I), Protocatechuic acid (J).
The red coloured ligand is the food compounds and green coloured ligand is the original inhibitor.

DISCUSSIONS

Pseudomonas aeruginosa is one of the important opportunistic pathogens causing nosocomial infections with higher
morbidity and mortality, predominantly in immunocompromised and intensive care unit patients (Araujo, et al.
2018). As many of the microorganisms are evolving against various currently available drugs, the need for new
therapeutics which can be used as an alternative is increasing day by day. Instead of drugs that kill the bacteria or
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disrupt pathogen, the modern approaches are focusing to interfere and inhibit the virulence of pathogens. For
bacteria that forms biofilm, interfering in the QS activity might be an efficient way as it’s needed for the cell-cell
communication. In the present study Twenty-five bio active compounds from different natural food sources are
collected from PubChem database and are subjected to molecular docking studies using SwissDock to find their
anti-quorum sensing activity on LasR target of P.aeruginosa. The crystallographic structures of LasR protein with
PDB ID: 6MVN is used as target for the study. For comparison the compound 3-oxo-N-[(3S)-2-oxotetrahydrofuran-
3-yl] decanamide (Ci4 H23 N O4), which is extensively used for inhibiting the P.aeruginosa biofilm was docked and
the results obtained from Swiss Dock had been analyzed using UCSF chimera and full fitness and AG Kcal/mol are
noted (Table: 2). The scores of the compounds subjected to current study are compared with 3-oxo-N-[(3S)-2-
oxotetrahydrofuran-3-yl] decanamide (Ci4 H»3 N O4),and Table: 3 shows the 13 compounds having the best similar
scores. Quorum sensing inhibition in Pseudomonas aeruginosa using gram negative bacteria Delftia tsuruhatensis
11304 wast studied by Malesevic et al. 2019 and they demonstrated a novel AHL species, dihydroxy-N-
octadecanoylhomoserine lactone. Quorum sensing activity of P. aeruginosa enables the formation of a biofilm that
confers the bacteria with certain properties that make it even more lethal and resistant to antibiotics. It is relatively
easier to prevent biofilm formation, than to disrupt it once already established. As antibiotic resistance is an evolving
trait in microorganisms, there is a need for strategies which help to find effective drug against these microorganisms.
Screening natural compound against potential targets is a useful approach for designing drugs. The sequencing of
specific target genes may useful to detect the molecular mechanism through in silico studies and also public health
threat of antimicrobial resistance.

CONCLUSION

Overall result of the current,in silicostudy for determining the anti-quorum sensing activity of Twenty-five different
bioactive compounds that are commonly found in various food sources, against P. aeruginosa receptor protein
LasR, found that 10 molecules had similar high docking scores with the known inhibitor and thus can be used as
potential inhibitors of P. aeruginosa biofilm formation. The compounds that showed the high fitness scores have to
be suggested for further in vitro and in vivo studies to ensure its potential. Further gene expression and molecular
interaction studies are also needed for understanding more about these quorum quenching molecules and their mode
of action in depth. The potential quorum sensing inhibitors can be developed as new effective drug candidates and
may help in effective treatment along with the current antibiotics.

ACKNOWLEDGEMENT

The authors are thankful to the Dean, Sri Lakshmi Narayana Institute of Medical Sciences, Puducherry affiliated to
Bharath Institute of Higher Education and Research, Chennai, Tamilnadu, India for funding this research work.
AUTHOR CONTRIBUTIONS

All the authors contributed equally for this research work.

Funding source: Nil

Conflict of interest

The authors have no conflict of interest.

REFERENCES

1. Ahmed, S.A., Rudden, M., Smyth, T.J., Dooley, J.S., Marchant, R. and Banat, .M., 2019. Natural quorum
sensing inhibitors effectively downregulate gene expression of Pseudomonas aeruginosa virulence factors.
Applied microbiology and biotechnology, 103(8), pp.3521-3535.

2. Alverdy, J., Holbrook, C., Rocha, F., Seiden, L. and Licheng, R., 2000. Gut-derived sepsis occurs when the
right pathogen with the right virulence genes meets the right host: evidence for in vivo virulence expression in
Pseudomonas aeruginosa. Annals of surgery, 232(4), p.480.

3. Asfour, H.Z., 2018. Anti-quorum sensing natural compounds. Journal of microscopy and ultrastructure, 6(1),
p-1.

4. Bai, F., Cai, Z. and Yang, L., 2019. Recent progress in experimental and human disease-associated multi-
species biofilms. Computational and structural biotechnology journal, 17, pp.1234-1244.

5. Dar, A.M. and Mir, S., 2017. Molecular docking: approaches, types, applications and basic challenges. J Anal
Bioanal Tech, 8(2), pp.1-3.

6. De Kievit TR 2008. Quorum sensing in Pseudomonas aeruginosa biofilms. Environ Microbioll1: 279-288.

7. Ding, T., Li, T. and Li, J., 2019. Virtual screening for quorum-sensing inhibitors of Pseudomonas fluorescens
P07 from a food-derived compound database. Journal of applied microbiology, 127(3), pp.763-777.

4379



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.
27.

28.

International Journal of Early Childhood Special Education (INT-JECSE)
DOI: 10.9756/INT-JECSE/V1412.479 ISSN:1308-5581 Vol 14, Issue 02, 2022

Dong, Y.H., Wang, L.H. and Zhang, L.H., 2007. Quorum-quenching microbial infections: mechanisms and
implications. Philosophical transactions of the Royal Society B: biological Sciences, 362(1483), pp.1201-1211.
Farrow, J.M., Sund, Z.M., Ellison, M.L., Wade, D.S., Coleman, J.P. and Pesci, E.C., 2008. PqsE functions
independently of PqsR-Pseudomonas quinolone signal and enhances the rhl quorum-sensing system. Journal of
bacteriology, 190(21), pp.7043-7051.

Gambello, M.J. and Iglewski, B.H., 1991. Cloning and characterization of the Pseudomonas aeruginosa lasR
gene, a transcriptional activator of elastase expression. Journal of bacteriology, 173(9), pp.3000-3009.

Hussain, A., Alajmi, M.F., Khan, M.A., Pervez, S.A., Ahmed, F., Amir, S., Husain, F.M., Khan, M.S., Shaik,
G.M., Hassan, 1. and Khan, R.A., 2019. Biosynthesized silver nanoparticle (AgNP) from Pandanus odorifer
leaf extract exhibits anti-metastasis and anti-biofilm potentials. Frontiers in microbiology, 10, p.8.

Hwang, 1.Y., Koh, E., Wong, A., March, J.C., Bentley, W.E., Lee, Y.S. and Chang, M.W., 2017. Engineered
probiotic Escherichia coli can eliminate and prevent Pseudomonas aeruginosa gut infection in animal models.
Nature communications, 8(1), pp.1-11.

Jakobsen, T.H., Bragason, S.K., Phipps, R.K., Christensen, L.D., van Gennip, M., Alhede, M., Skindersoe, M.,
Larsen, T.O., Haiby, N., Bjarnsholt, T. and Givskov, M., 2012. Food as a source for quorum sensing inhibitors:
iberin from horseradish revealed as a quorum sensing inhibitor of Pseudomonas aeruginosa. Applied and
environmental microbiology, 78(7), pp.2410-2421.

Kim, H.S., Lee, S.H., Byun, Y. and Park, H.D., 2015. 6-Gingerol reduces Pseudomonas aeruginosa biofilm
formation and virulence via quorum sensing inhibition. Scientific reports, 5, p.8656.

Krishnan, T., Yin, W.F. and Chan, K.G., 2012. Inhibition of quorum sensing-controlled virulence factor
production in Pseudomonas aeruginosa PAO1 by Ayurveda spice clove (Syzygium aromaticum) bud extract.
Sensors, 12(4), pp.4016-4030.

Mellini, M., Di Muzio, E., D'Angelo, F., Baldelli, V., Ferrillo, S., Visca, P., Leoni, L., Polticelli, F. and
Rampioni, G., 2019. In silico selection and experimental validation of FDA-approved drugs as anti-quorum
sensing agents. Frontiers in microbiology, 10, p.2355.

Meng, X.Y., Zhang, H.X., Mezei, M. and Cui, M., 2011. Molecular docking: a powerful approach for
structure-based drug discovery. Current computer-aided drug design, 7(2), pp.146-157.

Ochsner, U.A., Koch, A K., Fiechter, A. and Reiser, J., 1994. Isolation and characterization of a regulatory
gene affecting rhamnolipid biosurfactant synthesis in Pseudomonas aeruginosa. Journal of bacteriology,
176(7), pp-2044-2054.

O’Loughlin, C.T., Miller, L.C., Siryaporn, A., Drescher, K., Semmelhack, M.F. and Bassler, B.L., 2013. A
quorum-sensing inhibitor blocks Pseudomonas aeruginosa virulence and biofilm formation. Proceedings of the
National Academy of Sciences, 110(44), pp.17981-17986.

Okuda, J., Hayashi, N., Okamoto, M., Sawada, S., Minagawa, S., Yano, Y. and Gotoh, N., 2010. Translocation
of Pseudomonas aeruginosa from the intestinal tract is mediated by the binding of ExoS to an Na, K-ATPase
regulator, FXYD3. Infection and immunity, 78(11), pp.4511-4522.

Passador, L., Cook, J.M., Gambello, M.J., Rust, L. and Iglewski, B.H., 1993. Expression of Pseudomonas
aeruginosa virulence genes requires cell-to-cell communication. Science, 260(5111), pp.1127-1130.

Qu, Y., Daley, A.J., Istivan, T.S., Garland, S.M. and Deighton, M.A., 2010. Antibiotic susceptibility of
coagulase-negative staphylococci isolated from very low birth weight babies: comprehensive comparisons of
bacteria at different stages of biofilm formation. Annals of clinical microbiology and antimicrobials, 9(1), p.16.
Rasamiravaka, T., Labtani, Q., Duez, P. and El Jaziri, M., 2015. The formation of biofilms by Pseudomonas
aeruginosa: a review of the natural and synthetic compounds interfering with control mechanisms. BioMed
research international, 2015.

Srivastava, A., Gupta, J., Kumar, S. and Kumar, A., 2017. Gut biofilm forming bacteria in inflammatory bowel
disease. Microbial pathogenesis, 112, pp.5-14.

SwissDock, a protein-small molecule docking web service based on EADock DSS, Aurélien Grosdidier, 2011.
SwissDock, a protein-small molecule docking web service based on EADock DSS,Aurélien Grosdidier, 2011.
Takeuchi, H., Trang, V.T., Morimoto, N., Nishida, Y., Matsumura, Y. and Sugiura, T., 2014. Natural products
and food components with anti-Helicobacter pylori activities. World Journal of Gastroenterology: WJG,
20(27), p-8971.

Topa, S.H., Palombo, E.A., Kingshott, P. and Blackall, L.L., 2020. Activity of Cinnamaldehyde on Quorum
Sensing and Biofilm Susceptibility to Antibiotics in Pseudomonas aeruginosa. Microorganisms, 8(3), p.455.

4380



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

International Journal of Early Childhood Special Education (INT-JECSE)
DOI: 10.9756/INT-JECSE/V1412.479 ISSN:1308-5581 Vol 14, Issue 02, 2022

Wei, G., Lo, C., Walsh, C., Hiller, N.L. and Marculescu, R., 2016. In Silico Evaluation of the Impacts of
Quorum Sensing Inhibition (QSI) on strain competition and development of QSI resistance. Scientific reports,
6, p.35136.

Wingender, J., Neu, T. & Flemming, H.-C. in Microbial Extracellular Polymeric Substances (eds Wingender,
J., Neu, T. & Flemming, H.-C.) 1-19 (Springer, Heidelberg, 1999).

Winson, M.K., Camara, M., Latifi, A., Foglino, M., Chhabra, S.R., Daykin, M., Bally, M., Chapon, V.,
Salmond, G.P. and Bycroft, B.W., 1995. Multiple N-acyl-L-homoserine lactone signal molecules regulate
production of virulence determinants and secondary metabolites in Pseudomonas aeruginosa. Proceedings of
the National Academy of Sciences, 92(20), pp.9427-9431.

Yang L., Liu Y., Markussen T., Haiby N., Tolker-Nielsen T. Pattern differentiation in co-culture biofilms
formed by Staphylococcus aureus and Pseudomonas aeruginosa. FEMS Immunol Med Microbiol. 2011;
62:339-347.

Zhong, L., Ravichandran, V., Zhang, N., Wang, H., Bian, X., Zhang, Y. and Li, A., 2020. Attenuation of
Pseudomonas aeruginosa Quorum Sensing by Natural Products: Virtual Screening, Evaluation and
Biomolecular Interactions. International journal of molecular sciences, 21(6), p.2190.

Zimmer, K.R., Blum-Silva, C.H., Souza, A.L.K., WulffSchuch, M., Reginatto, F.H., Pereira, C.M.P., Macedo,
AJ. and Lencina, C.L., 2014. The antibiofilm effect of blueberry fruit cultivars against Staphylococcus
epidermidis and Pseudomonas aeruginosa. Journal of medicinal food, 17(3), pp.324-331.

Jia-Yih Feng, Chung-Kan Peng, Chau-Chyun Sheu, Yu-Chao Lin, Ming-Cheng Chan, Sheng-Huei Wang,
Chia-Min Chen, Yi-Cheng Shen, Zhe-Rong Zheng 11, 12, Yi-Tsung Lin, Kuang-Yao Yang. Efficacy of
adjunctive nebulized colistin in critically ill patients with nosocomial carbapenem-resistant Gram-negative
bacterial pneumonia: a multi-centre observational study, Clinical Microbiology and Infection,
https://doi.org/10.1016/j.cmi.2021.01.020.

Natarajan Arumugam, Abdulrahman I. Almansour, Raju Suresh Kumar. Antimicrobial activities of
spirooxindolopyrrolidine tethered dicarbonitrile heterocycles against multidrug resistant nosocomial pathogens.
Journal of Infection and Public Health. 2021.

Araujo, D. et al. The independent contribution of Pseudomonas aeruginosa infection to long term clinical
outcomes in bronchiectasis. Eur Resp J. 51, 1701953, https://doi.org/10.1183/13993003.01953-2017 (2018).
Malesevi¢, M., Di Lorenzo, F., Filipi¢, B. et al. Pseudomonas aeruginosa quorum sensing inhibition by clinical
isolate Delftia tsuruhatensis 11304: involvement of N-octadecanoylhomoserine lactones. Sci Rep 9, 16465
(2019). https://doi.org/10.1038/s41598-019-52955-3.

4381



