
1 
 

 

“Identification, Isolation and 

Characterization of acyl homserine 

lactone mimic compounds from selected 

plants” 

 

Final Technical Report 

 

Back To Lab Program 

 

(KSCSTE order No: 664/2015/KSCSTE) 

 

Women Scientist Division 

 

Kerala State Council For Science Technology and Environment 

Govt of Kerala 

Project Period –1/1/2016 to 31/12/2017 

 

 

Principal investigator –Sheetal Sivankutty 

Scientist Mentor -Prof (Dr) Jayachandran K 

 

School of Biosciences 

Mahatma Gandhi University, Kottayam, 686560 



2 
 

Authorization 

The work entitled “Idetification, Isolation and characterization of acyl homserine 

lactone mimic compounds from selected plants by Sheetal Sivankutty was carried out 

in the back to lab program of women scientist division ,Kerala state council for science 

technology and environment ,Govt of Kerala  .The research work was carried out at the 

department of school of Biosciences, Mahatma Gandhi University Kottayam..The 

project was initiated by sanctioned order No:664/2015/KSCSTE dated 27-10-2015 

with scheduled completion by 31/12/2017.The financial expenditure for the completion 

of project was Rs: 10,62,000/-  

 

 

Principal Investigator                                                                               Scientist Mentor 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3 
 

Acknowledgement 

 

I am deeply obligated to Kerala State Council for Science Technology and 

Environment for the financial support thorough “Back to Lab Project” for Women 

which help me to get an independent project with grant exposure leading to carrier 

development. I am highly indebted to School of Biosciences Mahatma Gandhi 

University, Kottayam for providing me the facilities to carry out the laboratory 

experiments for this project work. I extend my privilege to Dr K.R Lekha, Head, and 

Women Scientist Division for the support and encourage to tenure my project work. Its 

my sublime privilege to express my deepest sense of gratitude to Dr. Jayachandran K 

my Guide and Mentor, Professor School of Biosciences, Mahatma Gandhi University 

for giving me guidance, support and encouragement for my work and teached me how 

to carryout research. I am deeply obliged to Dr Keerthi T.R, Director, School of 

Biosciences, Mahatma Gandhi University. I sincerely thank Dr Amith Abraham for the 

help given for insilico studies and Mr Athul S Hari and Mr Anoop M for the help 

provided for the construction of the Microbial fuel cell. I wish to record my sincere 

thanks to Inter University Instrumentation Centre, School of Environmental Science, 

Mahatma Gandhi University, DBT-MSUB Instrumentation Centre, School of 

Biosciences, Mahatma Gandhi University, SARD-KSCSTE for instrumentation 

support.    

 

 

 

 

 

 

 

 

 

 

 

 



4 
 

 

Contents 

 

 

1. Abstract  

2. Introduction and Review of literature 

3. Objectives of the study  

4. Materials and Methods 

5.  Results and Discussion  

6. Summary 

7. Outcomes of the Project  

8. Publications  

9. Scope of future work 

10. Bibliography  

 

 

 

 

 

 

 

 

 

 

 



5 
 

 

Abstract 

Quorum sensing, the mechanism by which bacteria regulate gene expression in 

accordance with population density is now being recognized as a subject of concern in 

all branches of applied life sciences. Quorum sensing is executed through the secretion 

of novel signal molecules, specifically Acyl Homoserine Lactones (AHLs) in gram 

negative bacteria .These molecules when accumulated in sufficient amount, initiate 

many vital activities of the respective bacterial strains. The mechanism of quorum 

sensing is having regulatory role in bacterial luminescence, swarming, pigment 

production, pollutant degradation, bioelectricity production and pathogenesis. Many 

plants as well as algae produce certain chemical molecules that can mimic these AHL 

molecules. This AHL mimics can interfere with the quorum sensing regulatory 

mechanism of bacteria. In this work the quorum sensing mechanism of the gram 

negative bacteria Pseudomonas aeruginosa P3 is being studied and attempts were being 

made to evaluate its application in enhancing the rate of phenol biodegradation, 

pigment production and current generation. Phenol degradation profile of the strain 

was studied and found that the organism was able to degrade more than 85% phenol 

within 72 hours. Quorum sensing property of the isolate was confirmed with Plate 

Bioassay and luxI/lux R specific amplification.  Studies on quorum sensing properties 

of the strain under phenol stress proved that the strain produced butryl homoserine 

lactone at 48 hours through the Rhl I /Rhl R mediated regulatory system which 

subsequently activated rpos gene. rpos gene encoded the sigma factor, σ38 produced 

for the specific expression of the genes meant for enzymes in phenol degradation. In 

the present study molecular modeling was conducted to predict the interaction of Rhl R 

and C4HSL in up regulating the rpos gene in Pseudomonas aeruginosa P3. A novel 

quorum sensing mimic compound, Trigonelline from Fenugreek extract   was isolated   

and the molecular structure could be confirmed with FT/IR and LC-Q-TOF. Molecular 

modeling studies predicted the strong competitive binding of trigonelline with RhIR 

protein. The rate of degradation of phenol by the strain could be enhanced with the 

supplementation of the AHL mimic compound, trigonelline in Mineral Salt Phenol 

Medium. Equally, in Pseudomonas aeruginosa P3, trigonelline was found to enhance 

the pyocyanin pigment production efficiency in King’B medium and the bioelectricity 

generation capacity in Microbial Fuel Cell. The present work has created much new 
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information regarding the quorum sensing regulated activities in Pseudomonas 

aeruginosa P3 as well as a novel AHL mimic compound and its interaction with the 

QS regulatory mechanism of the bacteria,which can form a stable platform for future 

research in various areas of applied life sciences. 
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Introduction and review of literature 

Quorum Sensing 

Quorum sensing can be described as a process through which the accumulation 

of signaling molecules enables a single cell to sense the communication from other 

cells. Bacteria communicate or talk to each other by producing certain chemicals as 

signaling molecules and when the chemicals reach the desired concentration only they 

can quorate. This process is seen both in gram-positive and gram- negative bacteria. 

The size of the quorum is not fixed and will vary relatively according to the rate of 

production of signal molecules and also loss of signal molecules. And the phenomenon 

is dependent to the local environmental conditions. According to the environmental 

conditions it’s easy for a single cell to switch from non-quorate to quorate depending 

upon the favorable conditions. Population density thus depends upon several 

environmental signals like temperature, Ph, osmalarity, oxidative stress, nutrient 

deprivation etc. So quorum sensing is and an integral component with global gene 

regulating networks and which helps bacteria to adapt to various environmental stress. 

Quorum sensing is a form of bacterial communication to coordinate certain behaviors 

based on the local density of the bacterial population. As environmental conditions 

change rapidly, bacteria need to respond very fast in order to survive.  

Bacteria that use quorum sensing to communicate will produce or secrete signal 

molecules constitutively. These bacterial cells possess specific receptors which can 

specifically detect these signaling molecules. On binding to this receptor, the 

autoinducer- receptor complex is formed. This complex activates transcription of 

certain genes involved in many regulatory mechanisms, including those for 

autoinducer synthesis. There is a less likelihood of cell detecting its own signal 

molecules. Thus for gene transcription to be triggered, the cell must confront with 

signal molecules which are discharged by other cells in its environment. When 

population increases, the concentration of inducer reaches a threshold level, causing 

more inducer to be synthesized. More production of inducer result in the formation of a 

positive feed-back loop, and thus the receptor induces the up regulation of other 

specific genes approximately in the same time. This causes the coordinated behavior of 

bacteria, such as bioluminescence, virulence, antibiotic production etc (Waters et al 

2005). 
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 Quorum sensing-Types of signal molecules 

 Autoinducers are low molecular weight molecules. Different type bacteria 

produce different types of autoinducers that can regulate different phenotypic 

characteristics. In some cases, different species may produce different autoinducers for 

regulating different genes and thus the phenotypic expression. A given species may 

produce a range of autoinducers to control the expression of various characteristics. 

A variety of different molecules are being produced as signals by different 

bacterial species. Common classes of signaling molecules are 

1)  Oligopeptides in Gram-positive bacteria. 

2) N-Acyl Homoserine Lactones (AHL) in Gram-negative bacteria. 

3) autoinducer-2 (AI-2) in both Gram-negative and Gram-positive bacteria. 

In gram-positive bacteria the quorum sensing is mediated by the secretion of 

low molecular weight peptides. These peptides are referred to as auto inducing 

peptides(AIPS) ranging from 5-34 amino acids in length and typically contain unusual 

chemical architectures. Depending on the structural uniqueness of AIPS three different 

families are known  

1) Oligopeptide lantibiotics,  

2) 16 numbered thiolactone peptides, 

3) isoprenylated tryptophan peptides. 

Gram-negative bacteria use acyl homoserine lactone as signal molecules. This 

AHL mediated quorum sensing is employed by diverse gram negative proteobacteria 

belonging to α, β and γ subdivisions. Most of the gram negative bacteria synthesize 

multiple AHLs which are characterized by a homoserine lactone (HSL) ring substituted 

in the β and γ- positions which is N-acylated with a fatty acyl group at α position. The 

acyl chain varies in length, saturation level and oxidation state. In most cases the chain 

has even numbers of carbon (C4-C8) although AHLs with C5 and C7 acyl chains have 

been identified. These groups either belong to N-acyl, N-(3oxo acyl) or N-(3 hydroxy 

acyl) classes of compounds. 

http://en.wikipedia.org/wiki/Molecules
http://en.wikipedia.org/wiki/Cell_signaling
http://en.wikipedia.org/wiki/Gram-positive_bacteria
http://en.wikipedia.org/wiki/N-Acyl_Homoserine_Lactone
http://en.wikipedia.org/wiki/Autoinducer-2
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The third type of signal mediated quorum sensing mechanism appears to be 

shared by both gram negative and gram positive bacteria. These exchangeable, 

diffusive molecules inclusively assigned to as autoinducers-2(AI-2). The third type 

signal molecule AI-2 is produced by the LuxS protein. 

Quorum sensing - The architectural system 

As discussed quorum sensing systems utilize and secrete small molecules for 

signaling which are known as autoinducres. Upon a historical approach the most 

widely and commonly studied/used signal molecules relied quorum sensing fall under 

three categories: AHLs-Gram negative bacteria, Peptides-Gram positive bacteria, AI-2-

Gram negative and Gram negative bacteria. Beyond the said classes also there are other 

quorum sensing systems which includes, Pseudomonas quinolone signals termed as 

PQS, the diffusible signal factor (DSF) and the third one autoinducer-3(AI-3) 

AHL- the most commonly used signal molecule by Gram negative bacteria. These 

molecules are made of an invariant homoserine lactone ring (HSL) and attached to an 

acyl chain, which may vary in length according to the carbon atoms ranging from four 

to eight. 

Quorum Sensing in Pseudomonas aeruginosa 

Pseudomonas aeruginosa is a ubiquitous gram-negative bacteria that flourishes 

in a manifold habitation. The bacteria are capable of utilizing a wide range of organic 

and inorganic compounds and thus are able live under diverse environmental 

conditions. P.aeruginosa are opportunistic pathogen which transforms into a pathogen 

when the host immune system is down or suppressed. Behalf of this the bacteria are 

well known for its metabolic versality and genetic plasticity. The species are, in 

general grows very promptly and are especially distinguished for their ability to 

metabolize and utilize a substantial number of substrates, including toxic organic 

chemicals, including aliphatic and aromatic hydrocarbons. Pseudomonas aeruginosa 

uses two luxI/luxR like autoinducer-sensor pairs for quorum sensing regulation of a 

variety of genes. The LasI protein generate the signaling molecule N-(3-

oxododecanoyl)-homoserine lactone and the RhlI protein generate N-(butryl) 

homoserine lactone(pentagons). The LasR protein binds the LasI dependent 

autoinducer when this signal molecule has accumulated to a critical threshold level. 

The LasR–autoinducer composite cohere to an array of virulence factor promoters and 
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trigger transcription. The LasR autoinducer complex induces the transcription of RhlR 

to initiate the second quorum sensing circuit. RhlR bound to the RhlI directed 

autoinducer to activate the transcription of a subset of the LasR activated virulence 

gene as well as several target genes that are not regulated by LasR. LasI autoinducer 

interferes with binding of the RhlI- autoinducer to RhlR. From this it’s clear that the 

Lasl/LasR circuit is established prior to the establishment of the RhlI/RhlR circuit. 

Quorum Sensing-Biotechnological applications  

As AHL molecules are regulatory in function, they may be exploited as ideal 

candidates for the enhancement and control of many processes like fighting against 

bacteria, biodegradation, plant microbe interaction, biopolymer production and quorum 

quenching. Quorum sensing molecules can be used to increase fermentation yields. 

The inhibition of quorum sensing using antagonist results in cell growth and hence is 

beneficial for the production of desired product. Further research and understanding of 

quorum sensing will definitely help us to bring more precise and effective methods to 

improve the beneficial processes mediated by bacterial systems. 

Quorum sensing is cell to cell signaling mechanism that enables the bacteria to 

collectively control gene expression. This type of bacteria communication is achieved 

only at higher cell densities. Bacteria releases various types of molecules called as auto 

inducers in the extra cellular medium. These molecules are mediators of quorum 

sensing. when the concentration of these signaling molecules exceed a particular 

threshold value; these molecules are accumulated in the cell and activate particular set 

of genes in all bacterial population such as genes accountable for virulence, pigment, 

competence, biofilm, stationary phase etc. quorum sensing is involved in expression of 

virulence genes in various bacteria indicating the possible role of quorum sensing as a 

drug target.  

Gene regulation through quorum sensing is an emerging as a generic 

phenomenon. The development of biological assays dependent on either lux or lacZ 

reporter fusions for the detection of AHLs has greatly facilitated screening of micro-

organisms for new AHL molecules and accelerated the identification of the LuxI 

family of proteins responsible for AHL synthesis. Since there is often a genetic linkage 

between LuxI and LuxR homologues both genes are frequently cloned together (Swift 
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et al., 1993), affording a more rapid insight into the study of quorum sensing in a given 

bacterium.    

Quorum sensing inhibition 

In diverse quorum sensing network, mutant bacteria exhibit laboriously reduced 

pathogenicity. Pseudomonas aeruginosa mutant in synthesis of auto inducer molecules 

shows heavy reduction in pathogenesis. Inhibition of quorum sensing has been proved 

to be very potent method for bacterial virulence inhibition and several quorum sensing 

inhibitor molecules has been discovered. Quorum sensing inhibitors have been 

synthesized and isolated from several natural extracts such as garlic extracts. Quorum 

sensing inhibitors have shown to be potent virulence inhibitors both in vivo and in vitro 

using animal models. Now a day most bacteria are antibiotic resistant. Penicillin 

resistant bacteria developed in 1942, just after two years of its introduction. Mainly 

three strategies can be applied for quorum sensing inhibition. 

1. Targeting signal generation 

2. Targeting AHL signal dissemination 

3. Targeting the signal receptor. 

Signal generation can be inhibited by using analogue of precursor of signal 

molecules. Quorum sensing signal molecules can be degraded by increasing P
h
, 

temperature etc. In targeting quorum sensing signal receptors by quorum sensing 

antagonists is a highly investigated and promising strategy. Quorum Sensing inhibitors 

have provided evidence of alternative methods for fighting bacterial infections. 

Quorum sensing inhibitors can be isolated from the huge natural pool of chemicals. 

Further research in this area and isolation of proper Quorum Sensing inhibitors may 

replace the antibiotics. 

Quorum sensing activation or enhancement 

As quorum sensing inhibition is a promising strategy to fight against pathogens, 

quorum sensing enhancement also has great importance in biotechnology. Quorum 

sensing has a role in fermentation technology, as the enhanced cell-cell communication 

between the microbes in the fermentor can increase the product yield. Another area 

which has broad application of quorum sensing is biodegradation. In biodegradation 
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we can enhance the rate of degradation, via enhancing the autoinducer production there 

by effective conversation between the microbial degraders. This will be new angle of 

approach for the development in bioremediation strategies (Huang et al 2013). 

Biofilm formation by bacteria provide potentially suitable environment for the 

effective biodegradation of pollutants. The high cell density and resistance property of 

bacterial biofilm provide better and efficient metabolism of hydrophobic and toxic 

compound. The qualities like biofilm, horizontal gene transfer, biosurfactant 

production, catabolic gene expression etc are relied on the quorum sensing machinery. 

And these properties can be enhanced by genetic alteration of quorum sensing system, 

which are involved during biodegradation thus the degradation kinetics get enhanced 

(Mangwani et al 2016). 

Quorum sensing Mimics 

 There are many reports for the presence of quorum sensing mimic compounds 

in algae and plants. These quorum sensing mimic compounds can be used to regulate 

the quorum sensing system of the bacteria and thereby control their quorum sensing 

based properties. Quorum sensing mimics can be used for bringing better yield of 

fermentation products, better performance as biocontrol agents against plant pathogens, 

better degradation of pollutants etc. The compound can be extracted and then can be 

purified and purified mimic compound can be evaluated for its regulatory role in 

various quorum sensing controlled processes.             

One of the first examples that indicate eukaryotic interference with AHL QS 

was the observation that plants produce several chemical compounds that act as 

agonists or antagonists to bacterial AHLs, implicating interkingdom communication; 

these have been called AHL-mimics. Several plant species secrete AHL mimics which 

can either stimulate or inhibit bacterial AHL QS systems (Bauer and Mathesius, 2004). 

Detection of AHL mimics have been reported in secretions of pea, rice, soybean, 

tomato, crown vetch, M. truncatula, and from the unicellular algae Chlamydomonas 

reinhardtii (Degrassi et al., 2007; Gao et al., 2003; Teplitski et al., 2004; Teplitski et 

al., 2000). Consequently, the precise source, structure, and biological significance of 

these AHL mimics from plants is currently unknown. Very recently, two compounds, 

lumichrome and riboflavin, have been identified from C. reinhardtii   acting as AHL 

mimics by activating the QS LasR protein of Pseudomonas aeruginosa which normally 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2707791/#c7
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2707791/#c14
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2707791/#c30
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2707791/#c87
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2707791/#c88
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2707791/#c88
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recognizes 3-oxo-C12-HSL (Rajamani et al., 2008). Since plants and algae commonly 

secrete these compounds, it cannot be excluded that these serve as signals which 

manipulate bacterial communication. 

An important very recent discovery demonstrated that a subgroup of LuxI/R 

family pairs in several plant-associated bacteria producing a new class of AHL signal 

molecule requiring a plant produced compound as a substrate for their biosynthesis 

(Schaefer et al., 2008). It was observed that bacteria belonging to the 

Rhodopseudomonas, Bradyrhizobium, and Silicibacter genera use LuxI-family AHL 

synthases to produce coumaroyl-AHL using coumaric acid produced by the plant as 

substrate rather than fatty acids from cellular pools. The necessity of a plant produced 

compound as substrate integrates two different cues for these quorum sensing systems, 

high population density and availability of an exogenous substrate, thus confining the 

functioning of these quorum sensing systems to particular environments. Since 

coumaric acid is produced by plants, this quorum sensing system is most likely 

involved in establishing intimate interactions between plants and bacteria. It is most 

likely that more examples of quorum sensing systems requiring an exogenously 

provided substrate will be discovered in the near future. 

The halogenated furanones from Delisea pulchrais the first AHL mimic 

compounds produced by a eukaryote (Givskov et al. 1996; Kjelleberg et al. 1997; 

Manefield et al. 1999). It is reported that a synthetic halogenated furanone compound, 

which is a derivative of the secondary metabolites produced by the Australian 

macroalga D.pulchra, is capable of interfering with AHL-mediated quorum sensing in 

Psuedomonas aeruginosa. It reduces the production of important virulence factors, 

indicating a general effect on target genes of the las quorum sensing circuit. 

Higher plants, including various legumes, rice, garlic and tomato, also secrete 

compounds that affect bacterial quorum sensing (Teplitski et al. 2000; Daniels et al. 

2002; Gao et al. 2003; Keshavan et al. 2005). Plant roots appear to secrete sufficient 

amounts of the active compounds to elicit changes in quorum sensing- regulated gene 

expression in bacteria on the root surface (Teplitski et al. 2000). The set of plant 

secreted effectors appears to change during seedling development, and bacteria may be 

exposed to a different set of AHL ‘mimic’ compounds once they get inside the root 

(Gao et al. 2003). 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2707791/#c66
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2707791/#c78
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The active compounds from plants have not yet been chemically identified, so 

their mode of action and possible structural similarity to known quorum-sensing 

signals are unknown. However, the plant compounds were detected by their ability to 

activate or inhibit AHL-mediated gene induction in reporter bacteria that produce no 

AHLs. Thus, the active plant compounds appear to be substances that interact directly 

with AHL receptors in the reporters.  L-Canavanine, present in seed exudates of alfalfa, 

was shown to inhibit quorum-sensing-regulated gene expression in Chromobacterium 

and Sinorhizobium (Keshavan et al. 2005). However, canavanine is an analogue of 

arginine that can be incorporated into proteins, thereby causing polypeptide misfolding 

and inhibiting bacterial growth. The effects of canavanine on quorum sensing in 

bacteria may therefore be an indirect and general result of protein misfolding on 

various transcriptional regulators, including AHL regulators. 

Application of quorum sensing mimics 

Biologically, the ability of plant hosts to specifically stimulate gene expression 

in the bacteria they encounter greatly increases the potential for sophisticated host 

manipulation of bacterial behavior. Instead of simply preventing the activation of gene 

expression by bacterial quorum-sensing signals, the stimulatory plant compounds could 

enable the host directly to induce bacterial genes, inducing changes that are beneficial 

to the host. The host may have a limited window of opportunity to influence gene 

expression when it makes first contact with low numbers of bacteria that are not yet 

quorate. One of the central questions regarding the role of quorum sensing in the 

Rhizobium–legume symbiosis is whether compounds produced by the plant host serve 

to stimulate events such as infection initiation and bacteroid formation and, perhaps, 

block others such as unrestrained bacterial multiplication within the host (Maria 

Sanchez-Contreras et al, 2007). 

The rhizosphere is a limited region of soil that surroundings a plant’s roots and 

is affected by secretions from the root also soil microbes in the vicinity. Quorum 

sensing bacteria form a main component of the rhizosphere community. Scientists have 

also engaged quorum-quenching enzymes to decrease bacterial virulence against 

plants. This research proposes that engineering the production also secretion of 

quorum- quenching enzymes into plants and plant-associated microbes can also serve 

as a crop protection plan. Though, quorum sensing systems also control necessary 
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functions in useful rhizosphere bacteria, as well as biofilm formation, antibiotic 

production, and nitrogen fixation (Sanchez-Contreras et al. 2007).  

Quorum sensing mimics and their role in quorum sensing 

The halogenated furanones from Delisea pulchra provided the first clear 

example of AHL mimic compounds produced by a eukaryote (Givskov et al. 1996; 

Kjelleberg et al. 1997; Manefield et al. 1999). The synthetic halogenated furanone 

compound, which is a derivative of the secondary metabolites of the Australian 

macroalga D.pulchra, has been reported to interfere with AHL-mediated quorum 

sensing in Psuedomonas aeruginosa. The furanone compound in particularly decreases 

the expression of a lasB gene only unaffecting the growth of bacteria or its protein 

synthesis. Additionally, it is able to reduce the production of important virulence 

factors and not inhibitory for the bacteria. 

According to Satish Rajamani etal (2008) Riboflavin and Lumichrome are able 

to activate the LasR gene in bacteria. The AHL binding pocket of LasR recognizes 

both AHLs and the structurally different lumichrome or riboflavin. Riboflavin or 

Lumichrome are habitually secreted by bacteria, plants, and algae suggesting the 

probability that these compounds can be used as either quorum sensing signals or as 

interkingdom signal mimics for the manipulation of quorum sensing in bacteria with a 

LasR-like receptor. 

A further significant indication is that plants actually produce compounds 

which trigger l AHL quorum sensing systems. Recently two unpaired (lacking a 

cognate LuxI-family AHL synthase) quorum LuxR-family homologs have been 

reported to respond to a plant compound. Xanthomonas campestris pv. campestris 

(Xcc; a crucifer pathogen) and Xanthomonas oryzae pv. oryzae (Xoo; a rice pathogen) 

are two plant pathogenic bacteria that do not produce AHLs but possess a LuxR-family 

protein, designated XccR and OryR, respectively, which respond to a unique plant 

compound (Zhang et al., 2007). In Xcc, XccR was found to regulate the expression of 

a gene coding for proline imino peptidase, a virulence factor, by binding to the lux box 

in its promoter which was enhanced in the presence of plant extract. In Xoo, OryR has 

been demonstrated to regulate expression of 1, 4 beta cellobiosidase, a protein required 

for optimum virulence. Additionally, the OryR protein was shown to be solubilized by 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2707791/#c102
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a component of macerated rice containing medium but not by any of the tested AHL 

molecules. This indicated that OryR mediated modulation of gene expression most 

probably occurred in response to the plant component but not in response to AHLs. It 

is most probable that unpaired LuxR homologs in these two bacteria participate in 

interkingdom signaling whereby they facilitate successful infection by detecting and 

binding to host signal molecules. Zhang et al., 2007) reported the presence of unpaired 

LuxR homologs similar to XccR in other plant-associated bacteria (both beneficial and 

pathogenic) underlining the importance of this type of signaling. Upcoming research 

on understanding the nature of plant component and its mode of action will help to 

eventually formulate effective intervention strategies. For example, by controlling the 

production of this compound, it might be possible to attenuate Xanthomonas plant 

infections. 

Seedlings of pea, Medicago truncatula, soybean, rice and tomato and cells of 

the unicellular alga Chlamydomonas reinhardtii were capable of producing substances 

that mimicked bacterial AHLs in well-characterized AHL reporter strains. This is the 

first demonstration of AHL signal-mimic compounds in eukaryotes after their 

discovery in a marine alga, and indicates that plants and algae may have a general 

ability to disrupt quorum sensing regulation in associated bacteria through secretion of 

quorum sensing signal mimics. Initial HPLC fractionation of AHL-mimics from plants 

separated about a half-dozen different activities, each affecting a different set of AHL 

receptors. AHL mimics from plants may have important agricultural and industrial 

applications in controlling bacterial communities. 
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4. Objectives of the study  

a) To identify the Specific AHL in the selected bacterial isolate and screening 

of plants for the specific AHL mimics. 

b) To identify Acyl Homoserine Lactone mimic compounds from selected 

plants, purify and elucidate the structure of the compound and its interaction.  
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5. Materials and Methods  

Each specific type of Quorum sensing (QS) is influenced by unique mimic 

compound. In the case of Gram negative species like Pseudomonas, high riboflavin 

and lumichrome or its structural analogous carrying extracts are found to influence 

quorum sensing mediated processes. In work we have selected Pseudomonas 

aeruginosa as the candidate strain and screening of plant extracts with high riboflavin 

or its structural analogues as mimic compound. 

Strain and Source 

Two strains were used in this study Chromobacterium violaceumDSTS-1(C
-
) and 

Pseudomonas aeruginosa P3.C.violaceum was used, as a biosensor strain for the 

quorum sensing confirmation studies in P. aeruginosa. Both the strains were available 

in the culture collection of School of Biosciences, Mahatma Gandhi University 

Kottayam. 

Strain Identification and Confirmation 

 The morphological, biochemical and physiological characteristics of the 

selected strain Pseudomonas aeruginosa P3was studied and identified according to 

Bergey’s Manual of Systematic Bacteriology. Then strain was then confirmed on 

molecular basis by 16SrDNA analysis.  

Evaluation of quorum sensing property in Pseudomonas aeruginosa 

Plate bioassay 

The confirmation of the quorum sensing property of the selected isolate was 

done by cross streaking the selected strain along with the biosensor strain C. violaceum 

DSTS-1(C
-
) quorum sensing mutant. The change in colour of mutant was monitored by 

the procedure by Teik-Min Chong et al, 2012.  

PCR amplification of quorum sensing genes 

Quorum sensing property was then confirmed by LuxI/Lux R amplification. The 

specific primers used for the selective amplification were- LuxI-F-5’ 

GAATTCCGCTGGGAATACAATTAC3’, LuxI-R-

5’GGATCCTTTATACTCCTCCGATGGAATTGCC3’, LuxR-F-

5’CGAACGGGGTACCCATGAAAAACATAAATGCC3’, LuxR-R-

5’CGTCGCGGATCCCGTACTTAATTTTTAAAGTATGGGCAAT 3’. At the 
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conditions for amplification, Initial denaturation at 94
0
C for 1 minute, Denaturation at 

94
0
C for 30 seconds, Annealing at 51

0
C -55

0
C for 1minute, Extension at 72

0
C for 2 

minutes and Final elongation at 72
0
C for 7 minutes and repeated for 35 cycles. 

Degradation studies 

Phenol degradation by Pseudomonas aeruginosa 

For phenol degradation studies the strain was grown in Mineral Salt Phenol 

Medium. The strain was first inoculated into Nutrient broth and incubated at 37
0
C for 

24 hours. Inoculated broth was then centrifuged at 1000rpm for 10min and the pellet 

obtained was washed twice with saline. The pellet thus obtained was again re-

suspended in saline. Of this 3ml inoculum was added to Mineral Salt Phenol Medium 

(MSPM) and incubated at 37
0
Cfor different time intervals upto complete degradation 

of phenol. The phenol was estimated by 4-aminoantipyrene colorimetric method as 

formulated by Mordocco et al, 1999. Supernatant was then extracted with diethyl ether, 

concentrated. The ether extract concentrate was subjected to FT/IR (Shimadzu IR 

Prestige-21) analysis at DBT-MSUB analytical lab, School of Biosciences, Mahatma 

Gandhi University. The samples were then subjected to GC-MS analysis (Shimadzu 

GC-MS Model Number: QP2010S, Column Rxi-5Sil MS30-meter length, 0.25 mm ID, 

0.25 µm thickness, GCMS Software: GCMS Solutions, Libraries used: NIST 11 & 

WILEY 8) was done at analytical lab KFRI Peechi. 

Isolation and Identification of AHL signal molecules during phenol degradation 

100 ml of the sterilized nutrient broth was inoculated with the selected isolate 

and incubated overnight on a shaker at 150 rpm at room temperature. The medium was 

centrifuged at 10,000rpm for 10 minutes. The supernatant was discarded and the pellet 

was suspended in physiological saline (0.85%) to get a cell suspension of 1 OD 

concentration as inoculum. For the identification of signal molecules produced during 

phenol degradation, the strain was grown in MSPM The above medium inoculated with the 

selected isolate was incubated on a shaker at 150rpm for 48 hours along with the 

uninoculated control.  

Extraction of the Quorum sensing molecule 

The above incubated medium was centrifuged at 10,000 rpm for 10 minutes 

and the cells were discarded. Supernatant was used for solvent extraction with ethyl 

acetate. Supernatant was mixed well with equal amount of ethyl acetate in a separating 
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funnel and was allowed to stand for 30 minutes. Bottom layer was discarded and the 

top layer (ethyl acetate layer) was collected and. subjected to evaporation. Ethyl acetate 

extract was then analysed by thin layer chromatography with Merck readymade TLC 

strips, with 10µl, solvent system methanol: water in the ratio 60:40. The samples were 

allowed to run for about 3/4
th

 of the plate. Plates were dried at room temperature and 

viewed under UV light and the Rf value of the spot was calculated. High performance 

liquid chromatography (HPLC-Thermo Fischer scientific, Hypresil Gold C18 Reverse 

phase-HPLC column with conditions: mobile phase water/methanol at the ratio 60:40; 

flow rate 1ml min
-1

, time of run 20 min) was performed at analytical lab, Bioprocess 

and Biotechnology lab, School of Biosciences, MG University. The spots were 

scrapped out, extracted and subjected to Foureir Transform Infrared Spectroscopy 

(FT/IR-Perkin Elmer-Spectrum 400), at analytical lab, School of Chemical Sciences, 

MG University. The extract of the supernatant in ethyl acetate was evaporated and 

resuspended in methanol was subjected to liquid chromatography-quadrapole time-of-

flight (LC-QToF) analysis at Univresity Common Instrumentation Centre at School of 

Environmental Sciences, MG University. Column specification [Waters Acquity H 

class UPLC system coupled with Waters Xevo G2 Quadrapole-time of-flight(Q-ToF) 

high-resolution mass spectrometer, electron spray ionization(ESI) technique for 

ionization. The samples were introduced into the mass spectrometer through a BEH 

C18 column (50mm×2.1 mm× 1.7µm), a gradient elution of methanol and water 

(00.3ml mil
-
1) was used as the mobile phase] analysis. All the spectra were recorded in 

both positive and negative ionization modes between mass ranges of 50 – 600 Da.  

Isolation and Identification of AHL signal molecules in absence of phenol 

100 ml of the sterilized nutrient broth was inoculated with the selected isolate 

and incubated overnight on a shaker at 150 rpm at room temperature. The medium was 

centrifuged at 10,000rpm for 10 minutes. The supernatant was discarded and the pellet 

was suspended in physiological saline (0.85%) to get a cell suspension of 1 OD 

concentration as inoculum. For the identification of signal molecules produced, the 

strain was grown in a formulated selective medium for acyl homoserine lactone 

production- 0.1%KH2PO4, 0.1%(NH4)2SO4, 0.05%MgSO4, 0.001%CaCl2, 0.5% 

glucose, 0.1% methionine, 0.1% N-acetyl glucosamine (Antony et al, 2013). The 

above medium inoculated with the selected isolate was incubated on a shaker at 

150rpm for 24 hours along with the uninoculated control. The above incubated 
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medium was centrifuged at 10,000 rpm for 10 minutes and the cells were discarded. 

Supernatant was used for solvent extraction with ethyl acetate. Supernatant was mixed 

well with equal amount of ethyl acetate in a separating funnel and was allowed to stand 

for 30 minutes. Bottom layer was discarded and the top layer (ethyl acetate layer) was 

collected and. subjected to evaporation. The extract of the supernatant in ethyl acetate 

was evaporated and resuspended in methanol was subjected to liquid chromatography-

quadrapole time-of-flight (LC-QToF) analysis at Univresity Common Instrumentation 

Centre at School of Environmental Sciences, MG University. Column specification 

[Waters Acquity H class UPLC system coupled with Waters Xevo G2 Quadrapole-

time of-flight(Q-ToF) high-resolution mass spectrometer, electron spray 

ionization(ESI) technique for ionization. The samples were introduced into the mass 

spectrometer through a BEH C18 column (50mm×2.1 mm× 1.7µm), a gradient elution 

of methanol and water (00.3ml mil
-
1) was used as the mobile phase] analysis. All the 

spectra were recorded in both positive and negative ionization modes between mass 

ranges of 50 – 600 Da.  

Confirmation of  LasI/LasR and RhlI/RhlR system 

Confirmation of Rhl system in the strain was carried out with evaluation of the 

AHL encoding rhlI and rhlIR gene through PCR amplification with specific primers 

rhlI F-(5’-GCAGCTGGCGATGAAGATATTC-3’),( R-5’-

CGAACGAAATAGCGCTCCAT-3’) and rhlIR F-(5’-

GACCAGGAGTTCGACCAGTT-3’),( R-5’-GGTAGGCGAAGACTTCCTTG-

3’)[12]. PCR reaction was carried out in a reaction volume containing 50μg of genomic 

DNA, 20picomoles of each primer,Takara master mix which contains, 1.25 units of 

Taq DNA polymerase, 200μM of each dNTP’s and 1xPCR buffer. PCR   was carried 

out for 30 cycles with each PCR reaction cycle with the conditions initial denaturation 

at 94
0
C for 3min, cyclic denaturation at 94

0
Cfor 30 sec,annealing at 65

0
C30 sec,cyclic 

extension at 72
0
C for 2 min and final extension at 72

0
C for 7 min. The product was 

checked by agarose gel electrophoresis (1.5% agarose), purified and further subjected 

to sequencing at Scigenomics, Cochin. The sequence information obtained was 

subjected to Blast. 
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Insilico studies of Rhl system 

The amino acid sequence of the proteins was obtained from the nucleotide 

sequence of RhlI and RhlR gene translation by using the EXPASY tool 

(http://web.expasy.org/translate/ ). Physiochemical properties like molecular weight, 

isoelectric point, half-life, aliphatic index, amino acid property, stability index and 

Grand Average Hydropathy (GRAVY) were obtained by the EXPASY tool Prot Param 

(http://web.expasy.org/protoparam/ ). Secondary structure elements of the properties 

were predicted using the Predict Protein Server (http://web.expasy.org/predict 

protein/). Extra cellular nature of the protein was predicted Signal-P 

programme(Peterson et al,2011). 

Homology modeling of protein 

The three dimensional structures of the proteins were homology modeled using 

the SWISS_MODEL workspace, which is an integrated web based modeling 

tool.Quality of the predicted model was analyzed by PROCHECK (Bordoli et al,2006, 

Laskowski et al, 1993). Visualization and analysis of the model were done using the 

Swiss PDB viewer and PyMO L (De Lano 2002) programs.  

 Docking studies 

 As the result obtained could not generate positive result in docking studies,the 

sequence downloaded from NCBI of RhlI and Rhlr from Psuedomonas aeuroginosa  

was used for carrying out docking studies. 

 Computational methods that predict the structure and specificity of protein-

ligand interactions can yield deep insight into the structural biology of many 

biochemical pathways. Computer aided molecular docking of the substrate to the active 

site of the modeled structure of the proteins were done using SwissDock program. 

Initial co-ordinates of the substrates were obtained from the PDB database.The 

modeled structure of the protein (RhlI and RhlR) was taken as receptor protein. 

Confirmation of Rpos System 

Iodine Plate Bioassay 

 Detection of rpoS was done by estimating the presence of glycogen, as 

glycogen is accumulated in the cells during stress condition in the presence of rpoS. 

Glycogen staining was done with iodine solution with some modifications in the 

http://web.expasy.org/translate/
http://web.expasy.org/protoparam/
http://web.expasy.org/predict%20protein
http://web.expasy.org/predict%20protein
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method as described by Hengge-Aronis and Fischer in 1992. Bacteria were streaked on 

to MSPM (Mineral salt phenol medium) and observed in 12 hour intervals and stained 

with iodine solution up to 96 hours. And the colour of the colonies was observed for 

the accumulation of glycogen and presence of rpoS in each interval. 

Estimation of phenol 

 10 gm agar was taken from the plates that were inoculated Pseudomonas 

aeruginosa onto MSPM in different time intervals such as 12,24,36,48,60,72,84, and 

96 hours. The agar was diluted in sterile distilled water and then extracted with ether. 

Supernatants were collected after centrifugation at 10,000 rpm for 10 minutes. Samples 

were then subjected to complete evaporation of ether and then diluted in sterile 

distilled water and phenol was estimated. The estimation of phenol was done 4-

aminoantipyrene calorimetric method as described by Mordocco et al 1992. 

Pigment Production and extraction 

For the production and extraction of pyocyanin, P.aeruginosa strain was 

inoculated in King’s B broth to optimize production of pyocyanin. The broth was then 

incubated at 37°Cfor 18-24 hand observed for color change. Pigment rich broth culture 

was then centrifuged at 10000 rpm for15 min and the supernatant was collected. It was 

then filtered through 0.45 μ m pore sized membrane filter and used as crude extract. 

Pyocyanin was extracted using chloroform extraction method (Hassani et al., 2012), 

and concentration was determined (Aziz et al., 2012). Chloroform was added to the 

crude extract in 1:2 ratios. The Blue layer of the chloroform was collected and then 

acidified with 0.2 N HCl. The pink layer thus formed was then neutralized using 1M 

Tris Base pH 11.0. Re-extraction was done by repeating steps 1-3 to purify pyocyanin. 

Optical density of pyocyanin was taken at 520nmat acidic pH for quantification assay.  

2mL sample of the extracted pyocyanin was obtained and used for checking OD at 

520. Absorbance at 520nm was then multiplied by 17.072 the extinction coefficient 

and the yield was expressed in micrograms (µg) of PYO produced per milliliters (mL) 

of solution (µg/mL) (Essar et al., 1990). 

Pyocyanin yield (µg/mL) = OD at 520x17.072 (molar extinction coefficient ε) 
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Characterization of pyocyanin by FTIR and LC-QToF analysis 

The extracted pigment was subjected to FT/IR analysis. FT/IR analysis was 

done using Shimadzu Analytical IR Prestige-21at DBT-MSUB Analytical Lab, School 

of Biosciences, Mahatma Gandhi University. The extracted pigment was also subjected 

to LC-Q-ToF analysis in the University Common Instrumentation Centre at School of 

Environmental Sciences, MGU. The extracted sample was analyzed on a Waters 

Acquity H class UPLC system coupled with a Waters Xevo G2 Quadrapole – Time-of-

Flight (Q-ToF) high resolution mass spectrometer in which electron spray ionization 

(ESI) technique were used for the ionization. The samples were introduced in to the 

mass spectrometer through a BEH C18 column (50 mm × 2.1 mm × 1.7 µm). A 

gradient elution of methanol and Water (0.3 ml mil
-1

) was used as the mobile phase. 

All the spectra were recorded in both positive and negative ionization modes between 

mass ranges of 50 – 600 Da.  

Isolation of Quorum Sensing mimics from plants 

 Selection of plants 

 Five plants were selected based on the riboflavin content. The selected plants 

are Fenugreek (Trigonella foenum-graecum), Cumin   (Cuminum cyminum),  Ajwain 

(Trachyspermum ammi),  Mustard (Brassica juncea),  Sesamea( Sesamum indicum). 

Extraction of plant seeds 

 The selected plant seeds were used to confirm the riboflavin content. 20gms of 

each plant seeds were sterilized in a 5% active chlorine hypochlorite solution for 1h, 

and repeatedly washed with sterile water and dried under sterile condition. Then dried 

surface sterilized seeds were made into fine powder and then extracted with ethyl 

acetate. 

TLC 

Ethyl acetate extract of each seedwas analysed by thin layer chromatography with 

Merck readymade TLC strips, with 10µl, solvent system methanol:water in the ratio 60:40 

taking ribolflavin as the standard. 
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Isolation of quorum sensing mimics from Fenugreek seeds 

From the above TLC results Fenugreek seeds were selected for isolation of quorum 

sensing mimic,with high riboflavin content 

Extraction of fenugreek seeds with different solvents 

Twenty grams of fenugreek seed were sterilized in a 5% active chlorine 

hypochlorite solution for 1h, and repeatedly washed with sterile water and dried under 

sterile condition. Then dried, surface sterilized seeds were then frozen with liquid 

nitrogen and ground by a pestle and mortar, reduced into a fine powder, and extracted 

with Methanol, Ethyl acetate, Water, Acetonirile and Diethyl ether. Extracts in 

different solvents were then subjected to TLC. 

Gradient Column chromatography 

From the above TLC results Ethyl acetate fraction was selected with maximum 

compounds. And the extract was purified using a Gradient flash chromatography. 

Sample preparation 

Adsorption onto Silica- For adsorption on to silica the ethyl acetate extract was 

mixed with silica (double the volume of sample). Then the mixture was made to fine 

powder with the help of mortar and pestle. 

Column preparation 

Silica gel column: The column (20x2cm) was packed with 60-120 mesh silica gel 

washed with hexane. Care was taken to avoid air bubbles into the column. The sample 

mixed with silica gel was loaded on the top of the packed column.  

Elution  

The adsorbed compound was eluted stepwise at a flow rate of 1 mL min-1 with 

100 mL of hexane, followed by linear gradient of 100 mL of hexane:ethyl acetate (90 : 

10 to 0 : 100 v/v), 100 mL of ethyl acetate: methanol (90 : 10 to 0 : 100 v/v), 100 mL 

of methanol : acetonitrile (90 : 10 to 0 : 100 v/v) and 100 mL of acetonitrile : water (90 

: 10 to 0 : 100 v/v). 

Effect of different fractions in pyocyanin production in Pseudomonas aeruginosa 

Seven fractions were collected from gradient column chromatography and 

subjected to complete evaporation of solvents in a rotary evaporator and the samples 
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were dissolved in water. Each fraction was supplemented into King’s B broth 

inoculated with Pseudomonas aeruginosa for evaluation of pigmentation production.  

Spectroscopic analysis of the pigment 

Pyocyanin pigment was extracted from each samples supplemented with seven 

extracts, with chloroform and acidified with 0.1N HCl (as described earlier). 

Pyocyanin pigment was quantified. 

Application of quorum sensing mimics in Quorum sensing related properties of 

Pseudomonas aeruginosa 

From the above results sixth fraction was selected which was able to enhance 

maximum pigment production in the selected strain. Then selected fraction was 

screened for the effect in phenol degradation and pigment production. 

Effect of Mimic compound in Degradation of phenol 

 The mimic compound thus purified was supplemented into Mineral salt phenol 

medium to estimate its ability to enhance the degradation rate of phenol when 

inoculated with the selected strain. Supernatants were collected at time intervals 12, 24, 

36,48,60,72, and 84 hours. The supernatants were then subjected to solvent extraction 

with diethyl ether for further analysis.  

Phenol estimation 

The estimation of phenol was done by 4-aminoantipyrene calorimetric method 

as described by Mordocco et al 1992. 

FT/IR analysis 

The supernatants collected at different time intervals, extracted were subjected to 

Foureir Transform Infrared Spectroscopy (FT/IR-Perkin Elmer-Spectrum 400). 

GC-MS analysis 

The samples were then subjected to GC-MS analysis (Shimadzu GC-MS Model 

Number: QP2010S, Column Rxi-5Sil MS30-meter length, 0.25 mm ID, 0.25 µm 

thickness, GCMS Software: GCMS Solutions, Libraries used: NIST 11 & WILEY 8) 

was done at Kerala Forest Research Institute, Peechi. 
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Effect of Mimic compound in pigment production 

The mimic compound was also analyzed for effect in pigment production. The 

mimic compound was supplemented along with King’B and inoculated with the 

selected strain at incubated at 37
0
C for 48 hours for the estimation of pyocyanin. 

Spectroscopic analysis 

Pyocyanin extracted after 48 hours’ incubation was estimated spectro-

photometrically at 520 nm. Absorption maxima was calculated at wave length range of  

300-700 nm. 

Identification of Quorum sensing mimics 

Identification and structural elucidation of the plant mimic compound was done 

using: 

FT/IR 

The extracted plant seed sample was subjected to FT/IR analysis. FT/IR 

analysis was done using Shimadzu Analytical IR Prestige-21 at DBT-MSUB 

Analytical Lab, School of Biosciences, and Mahatma G University. 

LC-QToF analysis  

The extract of the fenugreek seed was subjected to LC-Q-ToF analysis in the 

University Common Instrumentation Centre at School of Environmental Sciences, 

MGU. The extracted sample was analyzed on a Waters Acquity H class UPLC system 

coupled with a Waters Xevo G2 Quadrapole – Time-of-Flight (Q-ToF) high resolution 

mass spectrometer in which electron spray ionization (ESI) technique were used for the 

ionization. The samples were introduced in to the mass spectrometer through a BEH 

C18 column (50 mm × 2.1 mm × 1.7 µm). A gradient elution of methanol and Water 

(0.3 ml mil
-1

) was used as the mobile phase. All the spectra were recorded in both 

positive and negative ionization modes between mass ranges of 50 – 600 Da.  

MS-MS analysis 

The molecular ion mass which was identified for possible mimic compound 

from the LC-MS analysis was further confirmed by detailed LC-MS/MS based analysis 

using Acquity H-Class (Waters) ultra-performance liquid chromatography with BEH 

C18 column (50 mm×2.1 mm×1.7 μm) and Xevo G2 (Waters) Quadruple Time of 
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Flight (Q-TOF) Mass spectrometer. The compound was further confirmed by the 

fragmentation pattern analysis. 

Insilico studies of Rhl protein with Quorum sensing mimic 

Computational methods that predict the structure and specificity of protein-

ligand interactions can yield deep insight into the structural biology of many 

biochemical pathways. Computer aided molecular docking of the substrate to the active 

site of the modeled structure of the proteins were done using Swiss Dock program. 

Initial co-ordinates of the substrates were obtained from the PDB database. The 

modeled structure of the protein (RhlI and RhlR) was taken as receptor protein. The 

mimic compound was taken as the ligand. 

Working with Microbial Fuel Cell  

Microbial Fuel Cell  

Microbial Fuel cell was designed for phenol degradation studies. Many 

different configurations are possible for MFCs. A widely used inexpensive design is a 

two chambered MFC built in a traditional H shape, consisting usually of a two bottles 

connected by a separator which is usually a cation exchange membrane.  - Easy to 

construct - Inexpensive - Can be handled easily Two types of “H” type microbial fuel 

cells were constructed, In the first cell polyacrylic sheets were used as the compartment 

and syringe filter (0.20 µM) used as the proton exchange membrane.  

REQUIREMENTS -Two polyacrylic chambers, microbial filter, stainless steel 

electrodes, 1.5 V battery, nuts and bolts, copper wires, multimeter, reistance box, 

agitator, air sparger. 

MICROBIAL FUEL CELL ASSEMBLY- Two types of cell assemblies are made 

First type Compartments are made of polyacrylic sheets, microbial filter were fitted in 

between the PVC pipes connecting the two chambers, electrodes were fixed on the lid 

of the compartments using nuts and bolts. A 1.5 V battery was connected to the 

assembly, to define cathode and anode (+ ve to anode and –ve to cathode). The stirrer 

of the agitator was fitted to the anode compartment through a hole made on the lid of 

the anode chamber.  
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Phenol biodegradation study in MFC  

Pseudomonas aeruginosa was grown in nutrient broth and 1 O.D culture was 

inoculated in mineral salt phenol medium. At regular interval of 4 hours upto 48 hours, 

the conductance of the supernatant was measured using a portable multi parameter 

conductivity meter (PSC Tester 35). 

Working with MFC  

A new approach needed to be followed since the MFC design is slightly 

different from the normal ones. In this assembly stainless steel is used as electrode. 

And to define it as cathode and anode an external supply of 1.5 V is used. while taking 

reading the battery should be turned off. Procedures to be followed while dealing with 

MFC 1. The system should be thoroughly cleaned with 70% alcohol and repeatedly 

rinsed with distilled water before use. 2. Autoclaved mineral salt medium should used. 

3. The electrodes should be completely dipped into the electrolytes. 4. Anaerobic 

condition should be maintained in anode chamber. 5. All the connections should be 

intact, and all the joints were made leak proof by applying Vaseline. MESURING OF 

THE VOLTAGE Voltage drop across 1000 ohm were noted. Current generated can be 

find out by using ohm’s law (V=IR). Usually current generated is low (µA) so they 

can’t be easily detected. In this work the battery was turned off before taking the 

reading and allowed the multimeter to reach a stable reading and noted. 

CALCULATIONS Current generated can be find out using ohm’s law I = V∕R (Allen 

& Bennetto, 1993).  
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Results and Discussion 

Strain  

 The strain used in this study was Pseudomonas aeruginosa which was 

obtained from the culture collection of Bioprocess and Biotechnology lab, School of 

Biosciences, Mahatma Gandhi University (Plate .3.1) 

 

Plate 3.1 The selected strain Pseudomonas aeruginosa showing fluorescence under 

UV light 

 

Strain Identification and Confirmation 

Biochemical and Morphological identification of the strain 

The selected strain was confirmed based on the biochemical, physiological and 

morphological characters (Table: 3.1) 
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Table: 3.1 

Morphological and biochemical characters of the strain used in the study 

Sl No: Test Result 

1 Gram staining -ve 

2 Shape Rods 

3 Motility Motile 

4 Catalase +ve 

5 Oxidase +ve 

6 MR -ve 

7 VP -ve 

8 Oxidative/Fermentative Oxidative 

9 Indole -ve 

10 Citrate +ve 

11 Urease -ve 

12 Nitrate reduction +ve 

13 H2S -ve 

14 Gas formation +ve 

15 Casein hydrolysis +ve 

16 Starch hydrolysis -ve 

17 Gelatin liquification +ve 

 



32 
 

Molecular Identification 

Identification of the selected strain was done on the basis of 16S r DNA 

analysis using universal primers. The chromosomal DNA of the isolate was extracted 

and was separated on 0.8 % of Agarose. The 16SrDNA gene of the isolate was PCR 

amplified with universal primers and was sequenced (Plate 3.2). 

 

Plate 3.2. PCR amplified 16 S rDNA of the selected isolate Pseudomonas 

aeruginosa 

 

Evaluation of Quorum Sensing Property in Pseudomonas aeruginosa 

Plate bioassay 

The colour change of the Chromobacterium violaceum DSTS-1 mutant (CV-) 

was observed. White colour colonies of Chromobacterium violaceum DSTS-1 changed 

into violet colour (Plate 3.3). 
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Plate 3.3: Plate bioassay showing the progressive colour change of 

Chromobacterium violaceum mutant  when co cultivated with Quorum sensing   

Pseudomonas aeruginosa 

 

PCR amplification of quorum sensing genes (LuxI/LuxR amplification) 

luxI and luxR homologues of the Pseudomonas aeruginosa was amplified at 

51.5
0
 C and 54

0
 C respectively. Confirmation of quorum sensing in the selected isolate 

was carried out with evaluation of the AHL encoding luxI/luxR gene through PCR 

amplification with specific primers. Lane 1 represents λ-DNA digest/DNA marker and 

lane 2 represent the LuxI homologue of P. aeruginosa at an annealing temperature of 

51.5
0
C, Lane 3 represents the LuxR homologue of P. aeruginosa at an annealing 

temperature of 54
0
C. (Plate 3.4). 

 

 

Plate 3.4 Amplification of luxI/luxR homologues in Pseudomonas aeruginosa 

Confirmation of Phenol Degradation in Pseudomonas aeruginosa 
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 Estimation of supernatants after time intervals 12,24,36,48,60,72,84 and 96 

hours showed reduction in the phenol concentration. The strain could degrade 80% of 

phenol at 72 hours (Fig 3.1). Thus the strain selected as potential candidate for phenol 

degradation.  

 

Fig 3.1: Degradation profile of phenol by Pseudomonas aeruginosa in MSPM. 

Isolation and Identification of AHL Signal Molecule in the Presence of Phenol 

The thin layer chromatography of the ethyl acetate extract of the supernatant of  

P. aeruginosa P3 grown in mineral salt phenol medium. 

The presence of AHL molecule was evaluated in Mineral Salt Phenol Medium 

during phenol degradation by Pseudomonas aeruginosa. Supernatant after degradation 

with the isolate at various intervals were extracted with ethyl acetate, concentrated and   

subjected to TLC, FTIR, HPLC and LC-Q-ToF.  

0

10

20

30

40

50

60

70

80

90

0 10 20 30 40 50 60 70 80

p
e

rc
e

n
ta

ge
 o

f 
p

h
e

n
o

l d
e

gr
ad

at
io

n
  

incubation time in hours 



35 
 

 

Plate 3.5 The thin layer chromatography of the ethyl acetate extract of the 

supernatant of P. aeruginosa P3grown in mineral salt medium. 

Rf= distance travelled by solute / distance travelled by solvent  

        Rf = 3.6cm / 4.3cm = 0.83 

 Thin layer chromatography of the cell extract showed specific spot at a Rf 

value of 0.83. (Plate 3.5) 
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Fig 3.2 HPLC profile of ethyl acetate extract of Pseudomonas aeruginosa P3 

grown in mineral salt medium 

 

Analysis of the extract with HPLC using C18 reverse phase column resulted a 

predominant peak at 1.793-minute corresponding to an area of 64.67%. The peak 

corresponded to the C4 AHL, butyryl homoserine lactone. (Fig 3.2) 
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FT/IR analysis of the ethyl acetate extract of the supernatant of P. aeruginosa P3  

grown in modified mineral salt phenol medium 

 

Fig 3.3 FT/IR of the ethyl acetate extract of the supernatant of P. aeruginosa P3 

grown in modified mineral salt phenol medium 

FTIR analysis of the organic extract gave characteristic bands at wavenumbers 

of 3335 cm
-1

, 2978cm
-1

, 2925 cm
-1

, 2857 cm
-1

, 1750 cm
-1

, 1634 cm
-1

, 1511 cm
-1

, 1453 

cm
-1

, 1381 cm
-1

, 1213 cm
-1 

and
 
1119 cm

-1
 (Fig 3.3). 

The structure of butyryl homoserine lactone carries lactone ring, a C-O-C bond 

(esterbond), alkyl group, amino group and C=O link to NH. All these specific 

functional groups are represented in the FTIR diagram. The lactone ring is represented 

by the banded at 1750 cm
-1. 

The CH bending in the alkyl group represented as 1453 

cm
-1 

and 1381 cm
-1.

 The NH stretching is represented as 3335 cm
-1

, NH bending is 

represented as 1511 cm
-1

. The CH stretching and C-O-C are represented as 2978 cm
-1

 

and 1119 cm
-1

respectively. 

LC-Q-ToF analysis of the ethyl acetate extract of P. aeruginosaP3 supernatant  

grown in mineral salt phenol medium. 
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Fig 3.4 LC of the ethyl acetate extract of the supernatant of P. aeruginosa P3 

grown in modified mineral salt phenol medium 

 

 

Fig 3.5: LC-Q-ToF of the ethyl acetate extract of P. aeruginosaP3 supernatant 

grown in mineral salt phenol medium showing the presence of C4 HSL 
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Fig 3.6: MS-MS of the mass fragment 172 in the MS of the peak at 1.001 minutes 

in the LC of the ethyl acetate extract of the supernatant of P. aeruginosa P3 grown 

in modified mineral salt phenol medium 

The solvent extract was also subjected to LC-Q-ToF analysis for the final 

structural analysis. The major peak corresponding to molecular ion was giving a e/m 

value of 172. Other fragmentation peaks were at e/m values of 129, 205, 286, 323, 413 

(Fig 3.4). 

The MS spectrum suggested the molecular weight of the compound under 

consideration as 172 and the molecular weight of the major molecular fractions as 

129,205.286, 323 and 413. Based on the fragmentation data the predicted structure of 

the compound was explored. The predicted structure exactly matched the structure of 

butyryl homoserine lactone, the mostly expected AHL of Pseudomonas aeruginosa. 

Isolation and Identification of AHL Signal Molecule in the Absence of Phenol 

The selected isolate was cultivated in the newly designed mineral salt medium 

and was incubated overnight. Methionine and N Acetyl glucosamine have been 

incorporated in the new medium to promote the secretion of Acyl homoserine lactones 

produced if any. The culture was centrifuged and the supernatant was extracted with 

ethyl acetate. The ethyl acetate was concentrated and was subjected to LC-Q-ToF 

analysis.  

LC-Q-ToF analysis showed the presence C4HSL, 3-oxo-C12 HSL, the AHLs 

that are usually produced P. aeruginosa. The presence of 3-oxo C6 HSL and 3-oxo-C8 
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HSL which could be established in the present study were not usually produced by P. 

aeruginosa. 

 

 

 

 

 

Fig 3.7: LC of the ethyl acetate extract of the supernatant of P. aeruginosa P3 

grown in modified mineral salt medium without phenol 
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Fig 3.8: LC-Q-ToF of the ethyl acetate extract of P. aeruginosaP3 supernatant 

grown in mineral salt medium showing the presence of C4 HSL in the absence of 

phenol 

Fig 

3.9: LC of the ethyl acetate extract of the supernatant of P. aeruginosa P3 grown 

in modified mineral salt phenol medium without phenol 

 

 

Fig 3.10: LC-Q-ToF of the ethyl acetate extract of P. aeruginosaP3 supernatant 

grown in mineral salt medium showing the presence of 3-oxoC12HSL in the 

absence of phenol  
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Fig 

3.11: LC of the ethyl acetate extract of the supernatant of P. aeruginosa P3 grown 

in modified mineral salt medium without phenol 

 

 

Fig 3.12: LC-Q-ToF of the ethyl acetate extract of P. aeruginosaP3 supernatant 

grown in mineral salt medium showing the presence of                     3-oxoC6 HSL 

in the absence of phenol  
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Fig 

3.13: LC of the ethyl acetate extract of the supernatant of P. aeruginosa P3 grown 

in modified mineral salt medium without phenol 

 

 
 

Fig 3.14: LC-Q-ToF  of the ethyl acetate  extract of P. aeruginosaP3 supernatant 

grown in mineral salt  medium  showing the presence of 3-oxoC8HSL in the 

absence of phenol  

Confirmation of LasI/LasR and RhlI/RhlR in P. aeruginosap3 

lasI/lasR and rhlI/rhlR gene homologues were amplified using PCR technique 

with specific primers at annealing temperatures of 66
0
C and 63

0
C for lasI/lasR and 

64
0
C and 65

0
C respectively for rhlI/rhlR (Fig 3.6 &3.7). The molecular weights 
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obtained matched with that of RhlI and Rhl R products confirming the existence of 

quorum sensing.  

 

 
 

Plate 3.6: Amplification of rhlI/rhlR 

genes in P. aeruginosaP3 

Plate 3.7: Amplification of lasI/lasR 

genes  in P. aeruginosaP3 

 

Insilico studies of RhlI/RhlR system 

The three dimensional structural model of RhlR protein, from Pseudomonas 

aeruginosa, obtained by homology modeling using SWISS-MODEL workspace (Fig 

3.15) and the protein (PDBID: 4y15) with 41% sequence identity was used as template 

for modeling. A Q MEAN Z- score value of –1.87showed the reliability of the model. 

The stereochemistry of the modeled structure was checked by the Ramachandran plot 

in which 97.2 % of the total amino acids were present in most favoured regions and 

2.1% in allowed regions. 
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Fig 3.15: Homology modelled structure RhlR protein from P. aeruginosa 

 

 

Fig 3.16: Binding region of C4HSL in RhlR protein 

 

Docking studies showed that the substrate (C4HSL) has comparable binding 

energies with the modelled protein (−4.20 kcal mol
−1

). The substrate–receptor complex 

for the modelled protein is shown in (Fig 3.16). The three major hydrogen bonding 

interactions between the substrate and the receptor protein favourably supporting the 

RhlR- C4HSL protein complex formation in Pseudomonas aeruginosa P3 are shown in 

(Fig 3.17). The major residues in RhlR protein forming hydrogen bonds with C4HSL 

are Thr 58 and Tyr 72.   
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Fig 3.17: Hydrogen bond interactions of C4HSL at the binding region of RhlR 

protein 

 

Confirmation of Rpos system initiating the expression of phenol degradaing  

enzymes in P. aeruginosaP3 

Iodine Plate Bioassay 

 As the presence of C4HSL the quorum sensing molecule has already been 

confirmed in P. aeruginosa under phenol stress, attempts were made to check the fate 

of expression of the rpos gene along with phenol degradation at varying incubation 

periods of phenol stress to evaluate the status of  insilico prediction (Table 3.2). 
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Table 3.2 

Pseudomonas aeruginosa inoculated MSPM agar plates upon glycogen staining with 

iodine under varying incubation period of phenol stress 

Sl No: Time intervals rpoS/Glycogen 

accumulation 

% of Phenol 

degradation 

1 0 hours 

 

0.00 

2 12 hours 

 

21.71 

3 24 hours 

 

57.91 

4 36 hours 

 

65.15 

5 48 hours 

 

68.32 

6 60 hours 

 

76.92 

7 72 hours 

 

85.97 

8 84 hours 

 

91.85 

9 96 hours 

 

97.73 

 

Percentage degradation in Phenol by P. aeruginosaP3 on Rpos activation 
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Fig 3.18: Phenol degradation by P. aeruginosaP3 in mineral salt phenol medium 

at various time intervals along with RpoS activation 

 

Pigment production and extraction from P. aeruginosaP3 on growing in King’s B  

medium 

Pseudomonas aeruginosa was inoculated into King’s B broth for observation of 

pigment produced by the strain. After 48 hour of incubation at 30
0
C the strain was able 

to produce pigment pyocyanin. The produced pigment was extracted with chloroform 

and then acidified with 0.1N HCl.  
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Plate 3.8: Pigment production at different pH from Pseudomonas aeruginosa in 

Kings B medium 

 

Optical density of extracted pyocyanin was taken at 520nm at acidic pH for 

quantification assay.  2mL sample of the extracted pyocyanin was obtained and used 

for checking OD at 520. Absorbance at 520nm was then multiplied by 17.072 the 

extinction coefficient and the yield was expressed in micrograms (µg) of PYO 

produced per milliliters (mL) of solution (µg/mL) (Essar et al., 1990). 

Yield of Pyocyanin (µg/mL)  

   = OD at 520 x 17.072 (molar extinction coefficient ε) 

                             = 0.204 × 17.072     = 3.482688 µg/ml 

 

Fig 3.19: FT/IR spectrum of the extract of pigment produced by Pseudomonas 

aeruginosa in King’b medium 
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The FT/IR spectrum indicated the presence of phenazine as specified by side 

chains of the molecule (Fig.3.12). The peak at 3373.50 cm
-1 

showed the presence of O-

H bond. The peak at 2956.878 cm
-1 

established the C-H-of aromatic bond. The peak 

shown at 1641.42 cm
-1

represents C=N bond. The spectrum was indicative of 

pyocyanin pigment. 

 

Fig 3.20: LC of the extract of pigment produced by Pseudomonas aeruginosa in 

King’B medium 

 

Fig 3.21: LC-Q-ToF analysis of the extract of pigment produced by Pseudomonas 

aeruginosa in King’B medium 

 

LC-Q-ToF analyzes showed a prominent peak at 120.08 m/z confirming that 

the pigment produced is pyocyanin. 

Isolation of quorum sensing mimics from plant seeds 
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Selected plant seeds  

Five plant seeds were selected at the primary stage for the isolation of AHL 

mimic compound. Selection of plants were based on the riboflavin content of the seeds, 

as riboflavin is proved to be an AHL mimic compound of Pseudomonas sp earlier. 

Seed extracts when subjected to TLC showed the presence of riboflavin in all the 

extracts off which fenugreek seeds were selected with high riboflavin content. 

 

 

Plate 3.9: Plant seeds selected for screening of specific AHL mimic of 

Pseudomonas aeruginosa 

 

 

 

  

 

 

 

 

 

Plate 3.10: TLC of the ethyl acetate fractions of the seeds and seedlings   of   five 

selected   plants 

MS-Mustard seed extract 

MSL- Mustard seedling 

extract 

FS- Fenugreek seed extract 

FSL- Fenugreek seedling 

extract 

STD-Standard as Riboflavin 

SS- Sesame seed extract 

SSL- Sesame seedling extract 

CS- Cumin seed extract 

AS- Ajwain seed extract 

  

  

MS-Mustard seed extract 

MSL- Mustard seedling 

extract 

FS- Fenugreek seed extract 

FSL- Fenugreek seedling 

extract 

STD-Standard as Riboflavin 

SS- Sesame seed extract 

SSL- Sesame seedling extract 



51 
 

 

Plate 3.11: TLC of the fenugreek seeds extracted with different solvents 

Fenugreek seeds were extracted with solvents acetonitrile, methanol, ethyl 

acetate, diethyl ether and water. Of which ethyl acetate showed a good separation of 

the compounds. Thus ethyl acetate extract of fenugreek was taken for further studies. 

Purification of mimic compound and evaluation of its regulatory effect in pigment  

production by Pseudomonas aeruginosa in King’s B medium 

Ethyl acetate extract of fenugreek was then subjected to gradient column 

chromatography for fractionation. Eight fractions were collected with gradient solvents 

and were evaluated for their ability to regulate   pigment production in Pseudomonas 

aeruginosa (Plate 3.12)  

 

Plate 3.12 Role of the purified seed extract of fenugreek in the pigment production 

by Pseudomonas aeruginosa in Kig’s B medium 

 

Pyocyanin was extracted from each culture broth supplemented with the 

fenugreek extract along with King’s B for pigment production. The extracted pigment 
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was quantified in each case. Maximum pigment production was observed in the King’s 

B supplemented with sixth fraction and hence this fraction was taken for the 

identification of the AHL mimic that might have enhanced the pigment production in 

Pseudomonas aeruginosa. 

Table 3.3 

Quantification of pyocyanin produced by Pseudomonas aeruginosa in King’s B 

medium on supplementing with various fractions obtained from gradient column 

chromatography. 

Fractions Pyocyanin µg/ml 

1 00.00 

2 0.230 

3 00.00 

4 0.199 

5 00.00 

6 0.3932 

7 0.89 

8 0.156 

 

Fig 3.22: Quantification of pyocyanin produced by Pseudomonas 

aeruginosa in King’s B medium on supplementing with various 

fractions obtained from gradient column chromatography 
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Identification of quorum sensing mimic 

The purified fraction (sixth) which was able to enhance pigment production 

was subjected to FT/IR and LC-MS-MS analysis for the identification of the AHL 

mimic compound responsible for the enhanced pigment production.  

FT/IR analysis of the sixth fraction obtained from the column chromatography of  

fenugreek extract which is found to be enhancing pigment production by  

Pseudomonas aeruginosa  

The spectrum was indicative of the presence of Trigonelline as specified by the 

band representation of the molecule. The strong bands at the ranges 3000-3500 cm
-1 

indicated the presence of -OH groups with both intra and inter-molecule H-bonded. 

The peak at 1715 cm
-1

related to the presence of carboxylic acid group. The peak shown 

at 2825 cm
-1

represented C=C-H aromatic bonds. 

 

Fig 3.22 FT/IR Spectrum of the sixth fraction of column chromatography 

conducted for Fenugreek extract 

 

LC-MS-MS of the AHL mimic compound detected in the sixth fraction of column 

chromatography conducted for Fenugreek extract 

The LC-MS-MS analysis of the compound resulted in the conclusion that the 

AHL mimic compound is Trigonelline. The fragmentation data of the compound 

exactly matched with Trigonelline Table 3.3. 
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Fig 3.23: LC of the of the sixth fraction of column chromatography conducted for 

Fenugreek extract 

 

 

Fig 3.24 MS-MS of the fragment 212 in the MS of the peak at 5.414 minutes in the 

LC of the sixth fraction of column chromatography conducted for Fenugreek 

extract 

Table 3.4 

Mass fragmentation pattern of Trigonelline in the MS/MS spectrum of the mass 

fragment 212 in the MS of the peak at 5.414 minutes in the LC of the sixth fraction 

of column chromatography conducted for Fenugreek extract 

Fragmentation pattern of Trigonelline 

from Pubchem 

136.039, 128.0711, 101.06025, 82.0656, 

80.0500, 65.03912 

Fragmentation pattern of Trigonelline 

from our data 

136.0385, 124.0393, 109.0296, 81.6873, 

65.0584 
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Fig 3.25: MS-MS of the mass fragment 174 in the MS of the peak at 6.407 minutes 

in the LC of the sixth fraction of column chromatography conducted for 

Fenugreek extract  

 

Effect of Trigonelline in pigment production 

The purified, identified trigonelline was supplemented into King’B broth for 

evaluating the effect of trigonelline in pigment production. Pyocyanin was extracted 

from the broth with chloroform and then acidified with 0.1N HCl. Optical density was 

taken at 520nm and concentration of the pigment was calculated. 

Table 3.5  

Effect of sixth fraction containing Trigonelline in the pigment production by 

Pseudomonas aeruginosa 

Sl 

No 
Sample 

O.D 

(520 

nm) 

Concentration 
Absorbance maxima 

(300-700nm) 

1 

PC1(without 

Trigonelline) 

 

0.220 3.756µg/ml 
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2 

PC2(with 

Trigonelline)  

 

0.591 10.09 µg /ml 

 

 

The pigment was further characterized using UV-visible spectrophotometer 

(Schimadzu, Japan). Red color pigment obtained by adding 0.2N HCl was separated 

and absorbance maxima was determined by UV-spectrophotometric analysis 

(Karpagam et al.,2013). 
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Effect of Trigonelline in Degradation of phenol 

The purified trigonelline containing sixth fraction was supplemented into 

MSPM for the evaluation of effect of trigonelline in enhancing phenol degradation. 

The phenol degradation profile of the strain in presence and absence of trigonelline in 

MSPM was tried. 

Phenol estimation 

Supernatants of MSPM grown with Pseudomonas aeruginosa were collected 

from both MSPM supplemented and not supplemented with six fraction containing 

trigonelline at time intervals of 12,24,36,48,60,72 and 96 hours. Phenol was estimated 

by 4-aminoanipyrene method and the percentage reduction of phenol at each interval 

was calculated (Fig.3.26 & 3.27)  

 

Fig 3.26: The degradation profile of phenol in MSPM by Pseudomonas aeruginosa 

without the sixth fraction containing Trigonelline 
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Fig 3.27 The degradation profile of phenol in MSPM by Pseudomonas aeruginosa 

with   trigonelline   

 

The supernatants taken at different time intervals were extracted with diethyl 

ether and concentrated. The concentrate was subjected to FT/IR and GC/MS analysis. 

FT/IR analysis of phenol degradation in MSPM by Pseudomonas aeruginosa 

 

Fig 3.28: FT/IR analysis after 36 hrs of phenol degradation by                                    

P. aeruginosa without Trigonelline 
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Fig 3.29: FT/IR analysis of phenol degradation in MSPM after 48 hrs of phenol 

degradation by P. aeruginosa without Trigonelline 

 

 

Fig 3.30: FT/IR analysis of phenol degradation in MSPM after 60 hrs of phenol 

degradation by P. aeruginosa without Trigonelline 

 

 

FTIR 4  

 

 

 

FTIR 4  
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Fig 3.31: FT/IR analysis of phenol degradation in MSPM after 36 hrs of phenol 

degradation by P. aeruginosa with Trigonelline 

 

 

Fig 3.32: FT/IR analysis of phenol degradation in MSPM after 48 hrs of phenol 

degradation by P. aeruginosa with Trigonelline 
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Fig 3.33: FT/IR analysis of phenol degradation in MSPM after 60 hrs of phenol 

degradation by P. aeruginosa with Trigonelline  

 

GC-MS analysis of phenol degradation in MSPM by Pseudomonas aeruginosa 

 

Fig 3.34 GC-MS analysis of 36 hrs of phenol degradation by P. aeruginosa without 

Trigonelline 

GC MS  

36 hour sample  

 

13.92 

 

16.575 
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Fig 3.35: GC-MS analysis of 48 hrs of phenol degradation by P. aeruginosa 

without Trigonelline 

 

 

 

Fig 3.36: GC-MS analysis of the 60 hrs of phenol degradation by P. aeruginosa 

without Trigonelline 

 

 

 

48 hour TIC 

 

20.125 

 

 

21.458 
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Fig 3.37: GC-MS showing 36 hrs of phenol degradation by P. aeruginosa with 

Trigonelline 
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Fig 3.38: GC-MS showing 48 hrs of phenol degradation by P. aeruginosa with 

Trigonelline 
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Fig 3.39: GC-MS showing 60 hrs of phenol degradation by P. aeruginosa with 

Trigonelline 

 

Both FT/IR and GC/MS analysis of the phenol degradation profile in MSPM by 

P. aeruginosa in   indicated an early and accelerated degradation in the presence of the 

mimic compound, trigonelline fraction from Fenugreek (Table 3.6). 
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Table 3.6 

 The early activation of Phenol degradation by   P. aeruginosa in MSPM with 

trigonelline fraction from Fenugreek 

Incubation 

time 
FTIR GC-MS 

 

With 

Trigonelline 

Without 

Trigonelline 

With 

Trigonelline 

Without 

Trigonelline 

36 hours 2883.51, 

2953.02, 

2989.66, 

3055.24, 

2989.66, 

2951.02,             

3358,                 

3315.61 

2873.94, 

2883.58, 

2953.02, 

2989.66, 

3078.39 

2-hydroxy 

muconic 

semialdehyde, 

2-oxo pent 4-

enoate& 

4-hydroxy 2-

oxovalarate 

2-hydroxy 

muconic 

semialdehyde 

&  

2-oxo pent 4-

enoate 

48 hours 2883.51, 

2953.02, 

2989.66, 

3055.24, 

2989.66, 

2951.02,           

3358,     

3315.61 

2873.94, 

2883.58, 

2953.02, 

2989.66, 

3078.39 

2-hydroxy 

muconic 

semialdehyde 

&  

2-oxo pent 4-

enoate 

2-hydroxy 

muconic 

semialdehyde 

&  

2-oxo pent 4-

enoate 

60 hours 2883.51, 

2953.02, 

2989.66, 

3055.24, 

2989.66, 

2951.02, 

3358, 

3315.61 

2873.94, 

2883.58, 

2953.02, 

2989.66, 

3078.39 

2-hydroxy 

muconic 

semialdehyde 

&  

2-oxo pent 4-

enoate 

2-hydroxy 

muconic 

semialdehyde 

 

 

Insilico studies of Rhl protein with Trigonelline 

The three dimensional structural model of RhlR protein, from Pseudomonas 

aeruginosa, obtained by homology modeling using SWISS-MODEL workspace (Fig 

3.41) and the protein (PDBID: 4y15) with 41% sequence identity was used as template 

for modeling. A Q MEAN Z- score value of –1.87showed the reliability of the model. 
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The stereochemistry of the modeled structure was checked by the Ramachandran plot 

in which 97.2 % of the total amino acids were present in most favoured regions and 

2.1% in allowed regions.  

 

Fig 3.40: Homology modelled structure RhlR protein from P. aeruginosa 

 

 

 

 

 

Fig 3.41: Binding region of Trigonelline in RhlR protein   
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Fig 3.42: Binding region of Trigonelline+ HCl in RhlR protein   

Docking studies showed that the substrates (Trigonelline and Trigonelline HCl) 

have comparable binding energies with the modelled protein (−4.20 kcal mol
−1

). The 

substrate–receptor complex for the modelled protein is shown in (Fig 3.43). The three 

major hydrogen bonding interactions between the substrate and the receptor protein 

favourably supporting the RhlR- Trigonelline protein complex formation shown in (Fig 

3.42). The formation of RhlR protein forming complex with Trigonelline HCl was less 

favouring energetically.   

 

Fig 3.43: Trigonelline and Trigonelline+ HCl in RhlR protein   
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Microbial fuel cell 

 

Plate 3.7: Two chambered microbial fuel cell designed for phenol degradation 

studies 

Table 3.7 

Conductance profile in terms of milli ampere produced during the biodegradation of 

phenol in MSPM at various time intervals in MFC in the absence of the mimic 

compound, Tigonelline fraction of Fenugreek. 

SL 

NO 

Hours after incubation during phenol 

degradation in MSPM 

Current in trems of milli 

ampere 

1 8 25.5 

2 16 30 

3 24 36.3 

4 32 3.6 

5 40 1.6 

6 48 1.5 
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Fig 3.44: Conductance induced in terms of current produced during phenol 

degradation by P. aeruginosa in MSPM in MFC 

 

Table 3.8 

Conductance profile in terms of milli ampere produced during the biodegradation of 

phenol in MSPM at various time intervals in MFC in the presence of the mimic 

compound,  Tigonelline fraction of Fenugreek 

SL NO HOURS AFTER INCUBATION AMPERE 

1 8 27 

2 16 35 

3 24 40 

4 32 92 

5 40 84 

6 48 17 
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Fig 3.45: Conductance induced in terms of current produced during phenol 

degradation by P. aeruginosa in MSPM supplemented with trigonelline fraction in 

MFC 
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Summary 

 Pseudomonas aeruginosa.P3 available in the culture collections of 

Biotechnology and Bioprocess lab of School of Biosciences, Mahatma Gandhi 

University, Kottayam  was selected for the present research 

 The phenol degrading property of the isolate was confirmed and was found to 

bring   85% phenol degradation in 72 hours. 

 Quorum sensing property of the isolate was confirmed by Plate Bioassay and 

luxI/lux R specific amplification. 

 The isolate was found to synthesize C4HSL in the presence of phenol in 

mineral salt medium along with phenol degradation. 

 In the absence of phenol the organism produced the AHLs, C4HSL, 3-oxo-

C12HSL, 3-oxo-C6HSL and 3-oxo-C8HSL in the specified medium. 

 Studies on quorum sensing properties of the strain under phenol stress proved 

that the strain produced butyryl homoserine lactone at 48 hours through the Rhl 

I /Rhl R mediated regulatory system 

 The butyryl homoserine lactone formed, complexed with RhI R protein and 

selectively initiated the expression of rpos gene. 

 rpos gene encoded the sigma factor, σ38 produced for the specific expression of 

the genes meant for enzymes in phenol degradation. 

 Insilico studies of RhlR-C4HSL protein complex supported that  the formation 

of RhlR-C4HSL protein is highly favourable in Pseudomonas aeruginosa P3 

under phenol stress 

 Pyocyanin pigment synthesis from the isolate was confirmed and was used as 

an index for analysing the regulatory role of AHL mimics in quorum sensing  

 To explore the possibility of  identifying  the AHL mimic, five plants namely 

Fenugreek, Cumin,  Ajwain,  Mustard,  Sesamea.  were screened on the basis of 

riboflavin content . 

 Fenugreek seeds were selected based on the content of riboflavin .Fenugreek 

seeds were further extracted with different solvents for maximum compound 

extraction from the seeds. 12. A novel quorum sensing mimic compound, 

Trigonelline from Fenugreek extract   was isolated   and the molecular structure 

could be confirmed with FT/IR and LC-Q-TOF. 
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 Molecular modeling studies predicted the strong competitive binding of 

trigonelline with RhIR protein thereby triggering quorum sensing linked 

properties in a better way. 

 The rate of degradation of phenol by the strain could be enhanced with the 

supplementation of the AHL mimic compound, trigonelline in Mineral Salt 

Phenol Medium. 

 Trigonelline was also found to enhance the pyocyanin pigment production 

efficiency in King’B medium and the bioelectricity generation capacacity in 

Microbial Fuel Cell. 
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Outcomes of the Project  

 A novel isolate of Pseudomonas aeruginosa capable of phenol degradation and 

quorum sensing and a quorum sensing autoinducer, C4HSL could be identified. 

 Fenugreek as the selected plant having bacterial AHL mimic compound  

 Trigonelline from fenugreek as the mimic molecule of bacterial AHL  

 Novel method to enhance the quorum sensing related properties of the selected 

bacteria using the mimic compound. 
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Publications 

Journals  (a.  International,)  

 Butyryl homoserine lactone as the Quorum Sensing signal molecule in 

Pseudomonasaeruginosa P3 newly isolated from stressed soil. Sheetal 

Sivankutty
,
 Jayachandran K, International journal of Advances in Science, 

Engineering and Technology (June 2016). 

 Microbial Fuel cell-An effective strategy for exploiting the catabolic potential 

of bacterial isolates. Sheetal Sivankutty, Athul Hari, Anoop M and 

Jayachandran K, European Journal of Biomedical and Pharmaceutical 

Sciences, (Accepted January2018). 

 Rhl R -butryl homoserine lactone induced phenol degradation in 

PseudomonasaeruginosaP3 – Prediction through in silico characterization and 

quorum sensing studies, Journal of Molecular Modelling (Communicated 

January 2018). 

 A novel bacterial AHL mimic compound, trigonelline from Fenugreek (Under 

preparation to be communicated to Process Biochemistry) 

 Role of Trigonelline, an AHL mimic compound from fenugreekin enhancing 

the quorum sensing activities of Pseudomonas aeruginosa (under preparation 

for submitting to Applied Biochemistry and Biotechnology) 

 

 

 

Papers presented in 

Conferences 

 

 Butyryl homoserine lactone as the Quorum Sensing signal molecule in 

Pseudomonas aeruginosa P3 newly isolated from stressed soil. Sheetal 

Sivankutty
,
 Jayachandran K. International Conference on Agriculture and 

Biotechnology (Paper presentation -June 2016, Bangalore). 

 Isolation and Identification of quorum sensing mimic compounds from 

Cuminum cyminum seeds. Sheetal Sivankutty and JayachandranK.ICMS 2017-

Third International conference on Frontiers of mass spectrometry (Poster 

Presentation-December2018, Kottayam). 

 

 Isolation and screening of acyl homoserine lactone from a phenol degrading 

Pseudomonas aeruginosa,Sheetal Sivankutty
,
 Jayachandran K, 

Biotechcellence’16 –National level technical symposium of Centre 

for Biotechnology (CBT), Anna University (Paper presentation March 2016).  

 Quorum sensing studies in Pseudomonas aeruginosa P3. Sheetal Sivankutty
,
 

Jayachandran K., National seminar on Recent Trends in Applied Lifesciences 

(Poster Presentation-Second prize -March 2017). 
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Scope of future work 

Microbial quorum sensing is a comparatively new concept and is sure to make 

huge impact in the control and execution of many of the bacterial activities. The most 

striking influence of quorum sensing is going to be in the manipulation of cellular 

event as this technique is less complex and easy to maintain than recombinant DNA 

technology. The new knowledge developed in the present approach involving the novel 

types of Acyl homoserine lactones detected, the new mechanism elucidated and the 

novel AHL mimic compounds explored will definitely bring promising concepts in the 

field of phenol biodegradation. This information is crucial as they can also be applied 

to several other similar cases like anile degradation, hydrocarbon degradation and 

polymer degradation. The chemistry behind the wide diversity and structural features 

of acyl homoserine lactones is challenging and the knowledge generated   through the 

present approach will definitely contribute new platform for future research in the field 

of bacterial quorum sensing. 
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