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Abstract 

Salmonella is a genus of the family Enterobacteriaceae. Members belonging to this 

family are characterised as Gram-negative, non-spore forminer, rod-shaped bacteria. Motility 

forms of these bacteria have peritrichous flagella. Many members of this family of bacteria 

are commonly located in the intestinal tract of both animals and humans as either pathogens 

or commensals. The aim of this study was to confirm the absence or presence of homoserine 

lactones for the purpose of quorum sensing. Homoserine lactones are single molecules that 

are expressed by the bacteria when a critical cell mass has been reached. It allows the bacteria 

to coordinate their activities and survive adverse conditions. Bacterium isolated from clinical 

source was screened using thin layer chromatography technique. The indicator strains in used 

were Chromobacterium violaceum CV026 and Agrobacterium tumifaciens NTI, the control 

strain was Pseudomonas aerugonisa PAO1. Results demonstrated that using Thin Layer 

Chromatography (TLC), the clinical isolate, Salmonella tympuimurium DT104 tested positive 

for both short chain and long chain acyl homoserine lactones.  
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Introduction 

Salmonella continue to be prominent in the global food chain (Fisher et al. 2002; 

Werber et al. 2002), as it is frequently isolated from raw meats, milk and milk 

products, poultry processing equipment particularly in the slaughter and evisceration 

area, each of which have been associated with outbreaks of Salmonella (Bonner et 

al., 2001; Joseph et al., 2001; Ryan et al., 1997; Tauxe, 1997; Hennessy et al., 

1996). There is little evidence to date to suggest the presence of Salmonella in 

biofilm formation; however, the poultry processing operation is an ideal 

environment for biofilm formation as a wet atomosphere. A variety of studies have 

confirmed that Salmonella can actually attach to surfaces found in food processing 

plants, including plastic, cement and stainless steel and form a biofilm (Jones and 

Bradshaw, 1997). 

Quorum sensing is a cell-to-cell communication system used by bacteria (Parsek, 

et al 1999). It is a system in which an autoinducer accumulates in the extracellular 
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environment, which allows bacteria to sense their population density (Fuqua et al., 

1996). Once a certain population density is reached a process termed Autoinduction 

occurs, which coordinately expresses selected genes in response to the extra cellular 

concentration of the autoinducer (Flavier et al, 1997). 

Different bacterial populations have been shown to use quorum sensing 

mechanisms to regulate a broad range of biological functions (Lin et al., 2003), 

including bioluminescence, virulence factor production, antibiotic and secondary 

metabolite production, the ability to move by swarming and biofilm formation 

(Fuqua et al., 1996) as well as the induction of stationary phase responses in 

individual bacteria (Withers et al., 2001). 

The ability of bacteria to respond to autoinducers in their environment gives 

them the advantage of only performing these important biological functions when 

living in a community. Quorum sensing is therefore used by bacteria to direct the 

activities of the community, allowing bacteria within a population to take on some 

of the features of multicellular organisms (Taga and Bassler, 2003). It is used by 

numerous microorganisms living in distinct environments ranging from the 

gastrointestinal tract of animals to sewage fluid may confer a strong selective 

advantage upon relevant microorganisms living in diverse habitats (Schaefer et al., 

1996). 

There are two types of bacterial quorum sensing systems, Gram-negative 

bacteria LuxIR circuits and Gram-positive oligopeptide two component circuits 

(Taga and Bassler, 2003). 

Thin layer chromatography is a simple, rapid and sensitive assay for analysing 

bacterial cultures for the presence of N-acyl-homoserine lactones (AHLs) (Shaw et 

al., 1997). The assay can be used to screen many samples simultaneously (Shaw et 

al., 1997). A reporter strain is required to visualise the assay following the 

development of the plate. These monitoring systems involve a phenotypic response 

e.g. bioluminescence, violacin production or β-galactosidase activity, activated 

through an AHL –receptor protein (Ravn et al., 2001). Biological assays facilitates 

the screening of microorganisms for AHL molecules as well as increasing the rate of 

identification of lux I proteins responsible for their synthesis (Pearson et al., 1994). 

One indicator bacterium is Chromobacterium violaceum CV026. Chromobacterium 

violaceum can be used in both the well diffusion assay and thin layer 

chromatography as overlays to detect a diverse selection of AHL molecules 

(McClean et al., 1997). The CviR of Chromobacterium violaceum regulates the 
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production of violacein, a purple pigment when induced by AHL’s (Ravn et al., 

2001). The purple pigment is water insoluble and has antibacterial activity (McClean 

et al., 1997). The CviR of Chromobacterium violaceum responds mainly to short 

chain unsubstituted AHL’s with Acyl side chains of 4 to 8 carbons in length 

(McClean et al., 1997).  

Therefore it was decided to investigate whether S. typhimurium DT104 produces 

HSLs. As S. typhimurium DT104 is regarded as a pathogen of low virulence and 

quorum sensing is often linked to virulence gene expression.  

Materials and Methods 

Detecting N-Acyl-homoserine lactone quorum sensing signals produced by 

Salmonella tympuimurium DT104 

Acyl-homoserine lactone Monitor Strains    

The indicator strain Chromobacterium violaceum CV026 with 20µg/ml 

Kanamycin or Agrobacterium tumifaciens NTI with 20µg/ml Gentamicin, were 

grown in Luria Bertoni (LB) broth and incubated over night at 30
o
C with aeration. 

One milliter of this culture was added to 300 ml LB broth containing 1% agar 

(LBA) at 42
o
C. This media/ culture mix was overlaid on top of the thin layer 

chromatography (TLC) plate in a sterile pyrex dish until the entire plate is covered. 

Extraction of culture supernatant for thin layer chromatography 

Forty-milliliter culture volumes were centrifuged at 10,000g for 10 minutes at 

4
o
C and the cells were removed by centrifugation, supernatants were extracted twice 

with equal volumes of dichloromethane, the mixture was shaken vigorously for 30 

second and the phases were allowed to separate. The shaking was repeated three 

times before the dichloromethane containing fraction was removed and other 40-ml 

fraction added and the combined extracts were dried over anhydrous magnesium 

sulphate, filtered using a filter paper Whatman No. 1 qualitative filter. The whole 

extraction process was repeated three times. The combined dichloromethane were 

evaporated at 40ºC to dryness and reconstituted in 2 ml dichloromethane, transfer to 

an HPLC-vial, dried under nitrogen flow and stored at –20
o
C after a final 

reconstitution in between 0.3ml acetonitrile (Ravn et al., 2001; Shaw et al., 1997).  

Thin Layer Chromatography (TLC) 

Between 1-25µl of HSL extractions, dilutions of extractions AHL standard were 

applied to a TLC plate and the plate developed in 60:40 (v/v) methanol/ water or 
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acetone/hexane 55:45 (vol/vol) until the solvent front reached the top of the plate 

(approx.  takes 4 hours for RP-18F254S or 70 minutes for a Silica gel 60F254), the 

plate was removed from the chromatography tank. The TLC plate was allowed to 

dry for at least 10 minutes while an agar cover layer was prepared of either 

Agrobacterium tumifaciens NTI with 60µg/ml of 5-Bromo-4-Chloro-3-Indolyl β-D-

galactopyranoside (X-Gal) or Chromobacterium violaceum CV026 (indicator 

bacteria).  The agar top-layers were prapered as for the well diffusion assay and the 

culture-agar solution immediately poured on the top of the TLC-plate. After the agar 

solidified, the coated plates were incubated at 28
o
C for 24 hours in a closed glass 

container (Ravn et al., 2001; Shaw et al., 1997).   

Results  

Detection of short chain homoserine lactone 

From the results obtained (Figure 1), it may be concluded that Salmonella 

typhimurium DT104 is actually capable of producing homeserine lactones for the 

purpose of quorum sensing. In Figure 1, the test, Salmonella typhimurium DT104 

clinical isolate, was demonstrated to successfully produce acyl-homoserine lactones 

(HSLs) on carbon 4 and carbon 6 of the acyl side chain. The arrows indicate the 

spots on the agar to which the acyl-HSL has migrated to the following TLC step. 

The expression of the purple pigment released by the indicator strain confirms 

the presence of these signal molecules in the test bacteria. Pseudomonas aerugonisa 

PAO1, a violet spot was also observed in its lane, which confirmed that PAO1 

induced violaceum production in the positive control. 

Detection of long chain homoserine lactone 

The results showed that the Salmonella typhimurium DT104 clinical isolate, gave 

positive production of a C12-HSL signal molecule compared to the positive control 

strain P. aeruginosa PAO1 and C12-HSL (Sigma) standard (Figure 2). 

The Agrobacterium tumifaciens NTI strain does not produce its own signal 

molecule. Therefore it is a suitable bacterium to utilize for the detection of long 

chain acyl-HSLs. The presence of an acyl-HSL was confirmed on carbon 12 of the 

acyl side chain following TLC. The results demonstrate that locations to which an 

active compound has migrated on the plate yielded a blue zone, resulting from the 

hydrolysis of the X-gal in the medium.  
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Figure 1: TLC plates RP-18F254S overlaid with C. violaceumm CV026. The chromatograms were 

developed with methanol/water (60:40 v/v) following development, the solvent was evaporated by 

allowing the TLC plate to dry for 10 minutes.  

Lane 1: C4 (2mM), Lane 2:  C6 (25mM) HSL (Sigma) 2 µl; Lane 3: Salmonella typhimurium DT104 

(25 µl); Lane 4 and 5: gram negative bacteria; Lane 6: P. aeruginosa PAO1 positive control 20 µl 

 

 

 
Figure 2: TLC Aluminium sheets 20x20 cm, 60F254 overlaid with A. tumefasciens NTI. The 

chromatograms were developed with acetone/hexane (55:45 v/v) following development the solvent 

was evaporated by allowing the TLC plate to dry for 10 minutes.  

Lane 1: C12-HSL (Sigma) 5 µl (2mM); Lane 2 and 3: gram negative bacteria; Lane 4: Salmonella 

tympuimurium DT104; Lane 5 and 6: gram negative bacteria; Lane 7: P. aeruginosa PAO1 positive 

control 7 µl  

     1             2       3          4      5          6 

N-Hexanoyl-DL homoserine 

lactone (C6-HHL)  

N-Butyryl-DL-homoserine lactone 

(C4-BHL) 

N-Dodecanoyl-DL-homoserine 

lactone (C12-DHL) 

     1       2        3         4        5        6       7 
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Discussion 

Using Chromobacterium violaceum CV026 and Agrobacterium tumifaciens NTI as 

the indicator bacteria strain it was found that Salmonella typhimurium strain induce 

violacin production and consequently produce C4, C6 and C12 HSLs.  In the case of 

Agrobacterium tumifaciens NTI of this study, this bacterial indicator responds to 3-

oxo-substituted HSL derivates with chain lengths 12 carbons. The Chromobacterium 

violaceum CV026 reporter assay was used to detect short chain acyl-HSL varying 

from 4 to 6 carbons. The stimulation or inhibition for violaceum production in 

Chromobacterium can be usefully employed in thin layer chromatography overlays 

to detect a structurally diverse range of both natural and synthetic acyl HSLs. Both 

of the assays described in this experiment were supplemented with antibiotic, the 

bio-indicator Agrobacterium tumifaciens NTI was supplemented with 50µl of the 

antibiotic Gentamycin, and the Chromobacterium violaceum CV026 was 

supplemented with 50µl of the antibiotic Kanamycin. The purpose of this step was 

to ensure the prevention of contamination and gurantee plasmid stability. In addition 

to this, the Agrobacterium tumifaciens NTI was further supplemented with 150µl of 

5-bromo-4-chloro-3-indoly β-D-galactopyranosyl (X-gal). 

To date, very little research has been dedicated to investigating cell-to-cell 

communication in Salmonella typhimurium DT104. Surette and Bassler (1998) have 

investigated cell-to-cell communication using the marine bacterium Vibrio harveyi 

system. Dalton et al., (1994) have studied the factors that affect the microbial 

attachment to abiotic surface, and it was discovered that cell envelope, whose 

chemistry may change in respone to environmental stimuli and quorum sensing, 

influences adherent properties of the cell. Test bacteria, such as Staphylococcus 

aureus, Eschericha coli and Salmonella epidermis, demonstrated that the genes 

responsible for surface protein expression, attachment and extracellular polymeric 

substances are activated in response to stimuli, such as population density, stress or 

nutrient limitations. There is little information on the presence of Salmonella in 

biofilms. However, Joseph et al., 2001, demonstrated that Salmonella is capable of 

attaching and forming a biofilm on surfaces such as plastic, cement and stainless 

steel. There are obvious environmental implications of this bacterium to survive 

adverse conditions and form these structured communities, especially on stainless 

steel. This may pose numerous hazards, especially in the food processing industries, 

as it allows Salmonella to proliferate and spread to virtually to all parts of the 

factory. 
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Conclusion  

The homoserine lactones (HSLs) detection experiment showed that Salmonella 

typhimurium strain produce short chain and long chain HSLs detectable by the 

indicator bacteria Chromobacterium violaceum CV026 and Agrobacterium 

tumifaciens NTI. On completion of this set of experiments, it has been clearly 

demonstrated that Salmonella typhimurium DT104, clinical isolate, is capable of 

producing homoserine lactones. There are obvious advantages for cell-to-cell 

communication in this species, as it allow proliferation and survival under adverse 

conditions. The possibility of this strain of bacteria forming a biofilm poses many 

adverse effects both on food and industries.   

Further research into this topic is essential. Results from this study confirm that 

Salmonella typhimurium DT104 has the ability to communicate intracellularly, 

which may be a causative factor for the development of increased resistance to 

antibiotic intervention. This has vast implications, which need further exploration in 

order to understand the mechanisms and processes involved in signalling cascades. 

Another research issue that may be important to address is the ability of 

Salmonella to form biofilms on various materials, especially those that are used on a 

daily basis in a number of industries, which may pose potential health hazards to 

humans. Due to time constraints, this area of research firmly believes that it is 

necessary.  

Acknowledgements 

We wish to thank Dr. Rachel Gorman for assisting in this study. Her generous 

assistance was indispensable and contributed significantly to the amelioration of this 

piece of research. 

References  

1. BONNER, C., B. FOLEY, P.G. WALL AND M. FITZGER lad, 2001. Analysis of 

outbreaks of infectious intestinal disease in Ireland: 1998 and 1999. Irish Medical 

Journal, 94: 140-144. 

2. DALTON, H. M., POULSEN, L. K., HALASZ, P., ANGLES, M. L., GOODMAN, A. E. 

AND MARSHALL, K. C. 1994. Substratum-induced morphological changes in a marine 

bacterium and their relevance to biofilm structure. Journal of  Bacteriology. 176: 6900-

6906 

3. FISHER, I., B. DE JONG, W. VAN PELT, J. ARAMINI, C. BERGHOLD, F. 

MATTHYS, J. POWLING AND A. SIITONEN,  2002. International outbreak of 

Salmonella Oranienburg, October – December 2001, Part 3: other countries. 

Eurosurveillance Weekly, 6, 17th January. 



FARAG M. SAIEB, et al.,  03 

4. FLAVIER A. B., GANOVA-RAEVA L. M., SCHELL M. A., AND DENNY T. P. 1997. 

Hierarchical autoinduction in Ralstonia solanacearum: control of acyl-homoserine lactone 

production by a novel autoregulatory system responsive to 3-hydroxypalmitic acid methyl 

ester. Journal of Bacteriology. 179: 7089-7097. 

5. FUQUA C., WINANS S. C., AND GREENBERG E. P. 1996. Census and consensus in 

bacterial ecosystems: the LuxR-LuxI family of quorum-sensing transcriptional regulators.  

Annual Review of Microbiology. 50: 27-51. 

6. HENNESSY, T.W., C.W. HEDBERG, L. SLUTSKER, K.E. WHITE, J.M. BESSER-

WIEK, M.E. MOEN, J. FELDMAN, W.W. COLEMAN, L.M. EDNONSON, K.L. 

MACDONALD, M.T. OSTERHOLM, and the Investigation Team, 1996. A national 

outbreak of Salmonella enteritidis infections from ice - cream.  Journal of Medicine, 334: 

1281-1286. 

7. JONES K., AND BRADSHAW S. B. 1997. Synergism in biofilm formation between 

Salmonella enteritidis and a nitrogen fixing strain of Klebsiella peneumoniae. Journal of 

applied microbiology. 82: 663-668. 

8. JOSEPH B., OTTA S. K., AND KARUNASAGAR I. 2001. Biofilm formation by 

Salmonella spp. On food contact surfaces and their sensitivity to sanitizers. International 

Journal of Food Microbiology. 64:  367-372. 

9. LIN Y. H., XU J. L., HU J., WANG L. H., ONG S. L., LEADBETTER J. R., ZHANG L. 

H. 2003. Acyl-homoserine lactone acylase from Ralstonia strain XJ12B represents a 

novel and potent class of quorum-quenching enzymes. Molecular Microbiology. 47: 849-

860. 

10. MCCLEAN K. H., WINSON M. K., FISH L., TAYLOR A., CHHABRA S. R., 

CAMARA M., DAYKIN M., LAMB J. H., SWIFT S., BYCROFT B. W., STEWART G. 

S. A. B., AND WILLIAMS P. 1997. Quorum sensing and Chrombacterium violaceum: 

exploitation of violacein production and inhibition for the detection of N-acylhomoserine 

lactones. Microbiology. 143: 3703-3711. 

11. PARSEK M. R., VAL D. L. HANZELKA B. L., CRONAN J. E., AND GREENBERG E. 

P. 1999. Acyl homoserine lactone quorum sensing signal generation. Proceedings of the 

National Academy of Sciences USA. 96: 4360-4365. 

12. PEARSON J. P., GRAY K. M., PASSADOR L., TUCKER K. D., EBERHARD A., 

IGLEWSKI B. H., AND  GREENBERG E. P. 1994. Structure of the autoinducer required 

for expression of Pseudomonas aeruginosa virulence genes. Proceedings of the National 

Academy of Sciences USA. 91: 197–201. 

13. RAVN L., CHRISTENSEN A. B., MOLIN S., GIVSKOV M., AND GRAM L. 2001. 

Methods for detecting acylated homoserine lactones produced by gram-negative bacterioa 

and their application in studies of AHL- production kinetics. Journal of Microbiology 

Methods. 44: 239-251. 

14. RYAN, M J., P.G. WALL, G.K. ADAK, H.S. EVANS AND J.M. COWDEN, 1997. 

Outbreaks of infectious intestinal disease in residential institutions in England and Wales 

1992-1994. Journal of Infection, 34, 49-54. 



CELL-TO-CELL COMMUNICATION IN SALMONELLA TYPHIMURIUM …….
  

03 

15. SCHAEFER, A.L., HANZELKA, B.H., EBERHARD, A., GREENBERG, E.P. 1996 

‘Quorum sensing in Vibrio fischeri: Probing autoinducer-LuxR interactions with 

Autoinducer Analogs. Journal of Bacteriology. 178: 2897-2901. 

16. SHAW P. D., PING G., DALY S. L., CHA C., CRONAN J. E., RINEHART K. L., AND 

FARRAND S. K. 1997. Detecting and characterizing N-acyl-homoserine lactone signal 

molecules by thin-layer chromatography. Proceedings of the National Academy of 

Sciences USA. 94: 6036-6041. 

17. SURETTE M. G., AND BASSLER B. L. 1998. Quorum sensing in Escherichia coli and 

Salmonella typhimurium. Proceedings of the National Academy of Sciences USA. 95: 

7046-7050. 

18. TAGA M. E., AND BASSLER B. L. 2003. Chemical communication among bacteria. 

Proceedings of the National Academy of Sciences of the United States of America. 100: 

14549-14554. 

19. TAUXE, R.V., 1997. Emerging foodborne disease: An evolving public health challenge. 

Emerging Infectious Diseases, 3: 425-434. 

20. WERBER, D., A. AMMON, J. DREESMAN, F. FEIL, U. VAN TREECK, G. FELL, A. 

HAURI, H. TSCHÄPE, P. ROGGENTIN, E. WEISE AND J. BRÄUNIG, 2002. 

International outbreak of Salmonella Oranienburg, October – December, Part 1: Germany. 

EuroSurveillance Weekly, 6, 17th January.  

21. WITHERS H., SWIFT S., AND WILLIAMS P. 2001. Quorum sensing as an integral  

component of gene regulatory networks. Current Opinion in Microbiology. 4: 186-193.   



FARAG M. SAIEB, et al.,  03 

 الملخص العربي

 فرج محمد شعيب.د/ 1
 (جامعة عمر المختار/كلية العلوم)

 إيليش بيرجن/ 3     كاثرين أدلي . د/ 2
 (جامعة ليمرك/كلية العلوم )

قسم النبات كلية العلوم/ فرج محمد شعيب .د: عنوان المؤلف للمراسلة   
البيضاء ليبيا/ جامعة عمر المختار  

faragshaieb@yahoo.co.uk, Tel: 00218-926215879 

P.O. Box: 919 El-beida, Libya 

 

هو أنها و توصف هذه العائلة  Enterobacteriaceaeالسالمونيال هي بكتيريا من عائلة 
بكتيرياا سااالبة لصاابجة الجاارام وأ تكاون أبوابااا و قصاايبية الشااكط  متحركاة بواساا ة أسااوا  مو عااة 

العديد من أفراد عائلتها تتواجد عااد  فاي أمعااء الحيواناات و اننساان كجاراثيم . على جسم الخلية 
 homeserineالهاادف ماان هااذه الدراسااة هااو إثبااات وجااود أو عاادم وجااود . مسااببة لرماارا  

lactones    بهدف استشاعار النصااب .homoserine lactones    هاي ج يئاات أحادياة يعبار
عنها بالبكتيريا عناد الحصاوط علاى كتلاة خالياا حرجاة وهاي تمكان البكتيرياا مان تنساي  نشاا اتها 

 Salmonella typhimuriumتام عا ط بكتيرياا . الصاعبة  فوالبقاء على قيد الحيا  في الظرو 

DT104  مختبري ومن ثم تام فحاو وجاود أو عادم وجاود من مصدرhomoserine lactones 
كاناااات السااااالأت ( .  TLC)ماااان خالياهااااا باسااااتخدام  ريقااااة ال بقااااة الرقيقااااة الكروموتوبرافيااااة 

 و  Chromobacterium violaceum CV026) اأستدألية المستخدمة هي

Agrobacterium tumifaciens NTI )جابيااااااااة و كاناااااااات بكتيريااااااااا الااااااااتحكم اني
قااة ال بقااة أثبتاات النتااائه أنااخ باسااتخدام  ري( . Pseudomonas aerugonisa PAO1)هااي

 Salmonella typhimurium أن البكتيرياااااا(    TLC)ة الرقيقاااااة الكروموتوبرافيااااا

DT104 المع ولة من مصدر مختبري تحتوي على سالسط منhomoserine lactones   . 
 

 


