
Regulation of the biosynthesis of cyclic lipopeptides from
Pseudomonas putida PCL1445
Dubern, J.F.

Citation
Dubern, J. F. (2006, June 19). Regulation of the biosynthesis of cyclic lipopeptides from
Pseudomonas putida PCL1445. Retrieved from https://hdl.handle.net/1887/4408
 
Version: Not Applicable (or Unknown)
License: Leiden University Non-exclusive license
Downloaded from: https://hdl.handle.net/1887/4408
 
Note: To cite this publication please use the final published version (if applicable).

https://hdl.handle.net/1887/license:3
https://hdl.handle.net/1887/4408


                                                                                              References 

143

References

Aarons, S., Abbas, A., Adam s, C., Fenton, A., and O'Gara, F. A regulatory RNA (PrrB RNA) 

 m odulates expression of secondary m etabolite genes in Pseudomonas fluorescens

 F113. J Bacteriol. 2000. 182:3913-9. 

Adam s, J. L., and M cLean, R. J. Im pact of rpoS deletion on Escherichia coli biofilm s. Appl 

 Environ M icrobiol. 1999. 65:4285-4287. 

Andersen, J. B., Koch, B., Nielsen, T. H., Sørensen, J., M olin, S., and Givskov, M . Surface 

 m otility in Pseudomonas sp. DSS73 is required for efficient biological containm ent of 

 the root-pathogenic m icrofungi Rhisoctonia solani and Pythium ultimum. 2003. 

 149:37-46.  

Andersen, J. B., Heydorn, A., Hentzer, M ., Eberl, L., Geisenberger, O., Christensen, B. B., 

 M olin, S., and Givskov, M . gfp-Based N- acyl hom oserine- lactone sensor system  for 

 detection of bacterial com m unication. Appl Environ M icrobiol. 2001. 67:575-585.2. 

Ang, D., and Georgopoulos, C. The heat-shock-regulated grpE gene of Escherichia coli is 

 required for bacterial growth at all tem peratures but is dispensable in certain m utant 

 backgrounds. J Bacteriol. 1989. 171:2748-2755.   

Antham atten, D., and Hennecke, H. The regulatory status of the fixL-like and fixJ-like genes 

 in Bradyrhizobium japonicum m ay be different from  that in Rhizobium meliloti. M ol 

 Gen Genet. 1991. 225:38-48. 

Arim a, K., Kakinum a, A., and Tam ura, G. Surfactin, a crystalline peptide lipid surfactant 

 produced by Bacillus subtilis: isolation, characterization and its inhibition of fibrin 

 clot form ation. Biochem  Biophys Res Com m un. 1968. 31:488-494.  

Bainton, N.J., Stead, P., Chhabra, S.R., Bycroft, B.W ., Salm ond, G.P., Stewart, G.S., and 

 W illiam s, P. N-(3-oxohexanoyl)-L-hom oserine lactone regulates carbapenem  

 antibiotic production in Erwinia carotovora. Biochem  J. 1992. 288:997-1004. 

Bairoch, A. The PROSITE dictionary of site and patterns in proteins, its current status. 

 Nucleic Acids Res. 1993. 21:3097-3103.  

Barta, T.M ., Kinscherf, T. G., and W illis, D. K. Regulation of tabtoxin production by the 

lemA gene in Pseudomonas syringae. J Bacteriol. 1992. 174:3021-3029. 

Becher, P. Em ulsions, theory and practice, second ed. 1965. Reinhold Publishing, New york. 

Beeba, J. L., and, Um breit, W .W .W . Extracellularlipis of Thiobacillus thiooxidans. J Bacteriol. 

 1971. 108:612-615. 

Bender, C.L., Alarcon-Chaidez, F., and Gross, D.C. Pseudomonas syringae phytotoxins: 

 m ode of action, regulation, and biosynthesis by peptide and polyketide synthetases. 

 M icrobiol M ol Biol Rev. 1999. 63:266-92. 

Bernheim er, A. W ., and Avigad, L. S. Nature and properties of a cytological agent produced 

 by Bacillus subtilis. J Gen M icrobiol. 1970. 145:53-56.   

Bertani, I., and Venturi, V. Regulation of the N-acyl hom oserine lactone-dependent quorum  

 sensing system  in Pseudomonas putida W CS358 and cross-talk with the stationary-



144

 phase RpoS sigma factor and the global regulator GacA. Appl. Environ Microbiol. 

 2004. 68:5493-5502. 

Bertani, I., Sevo, m., Kojic., M., and Venturi, V. Role of GacA, LasI, RhlI, Ppk, PsrA, Vfr and 

 ClpXP in the regulation of the stationary-phase sigma factor rpoS/RpoS in 

 Pseudomonas. 2003. Arch. Microbiol. 180:264-271.  

Bloemberg, G. V., and Lugtenberg, B. J. J. Bacterial biofilm on plants: relevance and 

 phenotypic aspects. 2004. Microbial Biofilms. 141-159. 

Bloemberg, G.V., and Lugtenberg, B.J. Molecular basis of plant growth promotion and 

 biocontrol by rhizobacteria. 2001. Curr Opin Plant Biol. 4:343-50. 

Bloemberg, G. V., Wijfjes, A. H., Lamers, G. E. M., Stuurman, N., and Lugtenberg, B. J. J. 

Simultaneous imaging of Pseudomonas fluorescens WCS365 population expressing 

 three different autofluorescent proteins in the rhizosphere: new perspectives for 

 studying microbial communities.  Mol Plant Microbe Interact. 2000. 13:1170-1176. 

Boothroyd, B., Thorn, J. A., and Haskins, R. H. Biochemistry of the ustilaginales. XII. 

 Characterization of extracellular glycolipids produced by Ustilago sp. Can. J. 

 Biochem. Physiol. 1956. 34:10-14.   

Bouwer, E. J., and Zehnder, A. J. B. Bioremediation of organic compounds-putting microbial 

 metabolism to work. Tibtech. 11:267-360. 

Branda, S. S., Gonzalez-Pastor, J. E., Ben-Yehuda, S., Losick, R., and Kolter, R. Fruiting 

 body formation by Bacillus subtilis. Proc Natl Acad Sci USA. 2001. 98:11621-11626. 

Braun, A. C. Thermal studies on the factors responsible for tumor initiation in crown gall. Am 

 J Bot. 1947. 34:234-240. 

Busscher, H.J., van Hoogmoed, C.G., Geertsema-Doornbusch, G.I., van der Kuijl-Booij, 

 M., and van der Mei, H.C. Streptococcus thermophilus and its biosurfactants inhibit 

 adhesion by Candida spp. on silicone rubber. Appl Environ Microbiol. 1997. 63:3810-

 3817.  

Calfe, M.W., Shelton, J.G., McCubrey, J.A., and Pesci, E.C. Solubility and bioactivity of the 

Pseudomonas quinolone signal are increased by a Pseudomonas aeruginosa-produced 

 surfactant. Infect Immun. 2005. 73:878-82. 

Camacho Carvajal, M. M., Wijfjes, A. H., Mulders, I. H. M., Lugtenberg, B. J. J., and 

 Bloemberg, G. V. Characterization of NADH dehydrogenases of Pseudomonas 

 fluorescens WCS365 and their role in competitive root colonization. Mol Plant-

 Microbe Interact. 2002. 15:662-671. 

Cameotra, S. S., and Makkar, R. S. Recent applications of biosurfactants as biological and 

 immunological molecules. Curr. Opinion in Microbiol. 2004. 7:262-266. 

Chancey, S.T., Wood, D.W., and Pierson, L.S. 3rd. Two-component transcriptional 

 regulation of N-acyl-homoserine lactone production in Pseudomonas aureofaciens.

 Appl Environ Microbiol. 1999. 65:2294-2299. 

Chatterjee, A., Cui, Y., Yang, H., Collmer, A., Alfano, J.R., and Chatterjee, A.K. GacA, the 

 response regulator of a two-component system, acts as a master regulator in 



                                                                                              References 

145

Pseudomonas syringae pv. tomato DC3000 by controlling regulatory RNA, 

 transcriptional activators, and alternate sigma factors. Mol Plant Microbe Interact. 

 2003. 16:1106-1117. 

Chin-A-Woeng, F. C., van den Broek, D., de Voer, G., van der Drift, K. M. G. M., tuinman, 

 S., Thomas-Oates, J. E., Lugtenberg, B. J. J., and Bloemberg, G. V. Phenazine-1-

 carboxamide production in the biocontrol strain Pseudomonas chlororaphis PCL1391 

 is regulated by multiple factors secreted into the growth medium. Mol. Plant Microbe 

 Interact. 2001. 14:969-979. 

Chin-A-Woeng, T.F, Bloemberg, G.V., Mulders, I.H., Dekkers, L.C., and Lugtenberg, B.J.

 Root colonization by phenazine-1-carboxamide-producing bacterium Pseudomonas 

 chlororaphis PCL1391 is essential for biocontrol of tomato foot and root rot. Mol Plant 

 Microbe Interact. 2000. 13:1340-1345. 

Choi, S.H., and Greenberg, E.P. Genetic dissection of DNA binding and luminescence gene 

 activation by the Vibrio fischeri LuxR protein. J Bacteriol. 1992. 174:4064-4069. 

Cirigliano, M. C., and Carman, G. M. Isolation of a bioemulsifier from Candida lipolytica.

 Appl Environ Microbiol. 1984.  48:747-750. 

Cooper, D. G., and Paddock, D. A. Torulopsis petrophilum and surface activity. Appl Environ 

 Microbiol. 1983. 46:1426-1429. 

Cooper, D. G., Liss, S. N., Longay R., and Zajic, J. E. Surface activities of Mycobacterium

 and Pseudomonas. J Ferment Technol. 1989. 59:97-101. 

Cowing, D. W., Bardwell, J. C., Craig, E. A., Woolford, C., Hendrix, R. W., and Gross, C. A.

 Consensus sequence for Escherichia coli heat shock promoters. Proc Natl Acad Sci 

 USA. 1985. 82:2679-2683. 

Cui, X., Harling, R., Mutch, P., and Darling, D. Identification of N-3-hydroxyoctanoyl-

 homoserine lactone production in Pseudomonas fluorescens 5064, pathogenic to 

 broccoli, and controlling biosurfactants production by quorum sensing. Eur J Plant 

 Pathol. 2005. 111:297-308. 

Cutting, S., and Mandelstam, J. The nucleotide sequence and the transcription during 

 sporulation of the gerE gene of Bacillus subtilis. J Gen Microbiol. 1986. 132:3013-

 3024. 

Davey, M. E., Caiazza, N. C., and O’Toole, G. A. 2003. Rhamnolipid surfactant production 

 affects biofilm architecture in Pseudomonas aeruginosa PAO1. J Bacteriol. 2003. 

 185:1027-1036. 

Davey, M. E., and O’Toole, G. A. Microbial biofilm: from ecology to molecular genetics. 

 Microbiol Mol Biol. Rev. 2000. 64: 847-867. 

Davies, D. G., Parsek, M. R., Pearson, J. P., Iglewski, B. H., Costerton, J. W., and 

 Greenberg, E. P. The involvement of cell-to-cell signals in the development of a 

 bacterial biofilm. Science. 1998. 280:295-298. 



146

de Kievit, T., Seed, P. C , Nezezon, J., Passador, L., and Iglewski, B. H. RsaL, a novel 

 repressor of virulence gene expression in Pseudomonas aeruginosa. J Bacteriol. 1999. 

 181:2175-2184.  

Dekkers, L.C., Mulders, I. H., Phoelich, C. C., Chin-A-Woeng, T. F., Wijfjes, A. H., and 

 Lugtenberg, B. J. The sss colonization gene of the tomato-Fusarium oxysporum f. sp. 

 radicis-lycopersici biocontrol strain Pseudomonas fluorescens WCS365 can improve 

 root colonization of other wild-type pseudomonas spp. bacteria. 2000. Mol Plant 

 Microbe Interact. 2000. 11:1177-1183.  

Dekkers, L.C., van der Bij, A.J., Mulders, I.H., Phoelich, C.C., Wentwoord, R.A., Glandorf, 

 D.C., Wijffelman, C.A., and Lugtenberg, B.J. Role of the O-antigen of 

 lipopolysaccharide, and possible roles of growth rate and of NADH: ubiquinone 

 oxidoreductase (nuo) in competitive tomato root-tip colonization by Pseudomonas 

 fluorescens WCS365. Mol Plant Microbe Interact. 1998. 11:763-71. 

Desai, J. D., and Banat, I. M. Microbial production of surfactants and their commercial 

 potential. Microbiol Mol Biol Rev. 1997. 61:47-64.  

Desai, A. J., Patel, K. M., and Desai , J. D. Emulsifier production by Pseudomonas 

 fluorescens during the growth on hydrocarbons. Curr Sci. 1988. 57:500-501. 

de Souza, J.T., Mazzola, M., and Raaijmakers, J.M. Conservation of the response regulator 

 gene gacA in Pseudomonas species. Environ Microbiol. 2003. 5:1328-1340. 

Devine, J. H., hadel, G. S., and Baldwin, T. O. Identification of the operator of the lux

 regulon from Vibrio fischeri strain ATC7744. Proc Natl Acad Sci U S A. 1989. 

 86:5688-5692. 

de Weger, L.A., van Loosdrecht, M.C., Klaassen, H.E., and Lugtenberg, B. Mutational 

 changes in physiochemical cell surface properties of plant-growth-stimulating 

Pseudomonas spp. do not influence the attachment properties of the cells. J 

 Bacteriol. 1989. 17:2756-61. 

DiMango, E., Zar, H.J., Bryan, R., and Prince, A. Diverse Pseudomonas aeruginosa gene 

 products stimulate respiratory epithelial cells to produce interleukin-8. J Clin Invest. 

 1995. 96:2204-2210. 

Ditta, G., Stanfield, S., Corbin, D., and Helinsky. D. R. Broad host range DNA cloning 

 system for gram-negative bacteria: construction of a gene bank of Rhizobium meliloti.

 Proc Natl Acad Sci. U.S.A. 1980. 77:7347-7351. 

Donlan, R.M., Costerton, J.W. Biofilms: survival mechanisms of clinically relevant 

 microorganisms. 2002. Clin Microbiol Rev. 15:167-193. 

Dubern, J-F., Lagendijk, E. L., Lugtenberg, B. J. J., and Bloemberg, G. V. The heat shock 

 genes dnaK, dnaJ, and grpE are involved in regulation of putisolvin biosynthesis in 

 Pseudomonas putida PCL1445. J Bacteriol. 2005. 187:5967-5976. 

Dubern, J-F., Lugtenberg, B. J. J., and Bloemberg, G. V. The ppuI-rsaL-ppuR quorum-

 sensing system regulates biofilm formation of Pseudomonas putida PCL1445 by 



                                                                                              References 

147

 controlling biosynthesis of the cyclic lipopeptides putisolvin I and II. J.Bacteriol.

2006. 188:2898-2906. 

Eberhard, A., Burlingame, A.L., Eberhard, C., Kenyon, G.L., Nealson, K.H., Oppenheimer, 

 N.J. Structural identification of autoinducer of Photobacterium fischeri luciferase. 

 Biochem. 1981. 20:2444-2449. 

Eberl, L., Winson, M. K., Sternberg, C., Stewart, G. B., Christiansen, G., Shhabra, S. R., 

 Bycroft, B., Williams, P., Molin, S., and Givskov, M. Involvement of N- acyl- L- 

 homoserine lactone autoinducers in controlling the multicellular behaviour of 

Serratia liquefaciens. Mol Microbiol. 1996. 20:127-136. 

Ellis, R. J., and Hemmingsen, S. M. Molecular chaperones: proteins essential for the 

 biogenesis of some macromolecular structures. Trends Biochem Sci. 1989. 14:339-

 342. 

El-Sayed, K. A., Hothersall, J., and Thomas, C. M. Quorum-sensing-dependent regulation of 

 biosynthesis of the polyketide antibiotic mupirocinin in Pseudomonas fluorescens

 NCIMB10586. Microbiol. 2001. 147:2127-2139. 

Feil, H., Feil, W.S., Chain, P., Larimer, F., DiBartolo, G., Copeland, A., Lykidis, A., Trong, 

 S., Nolan, M., Goltsman, E., Thiel, J., Malfatti, S., Loper, J. E., Lapidus, A., 

 Detter, J. C., Land, M., Richardson, P. M., Kyrpides, N. C., Ivanova, N., and 

 Lindow, S. E. Comparison of the complete genome sequences of Pseudomonas 

 syringae pv. syringae B728a and pv. tomato DC3000. Proc Natl Acad Sci U. S. A. 

 2005. 102:11064-11069. 

Flemming H.C., Wingender J. Relevance of microbial extracellular polymeric substances 

 (EPSs): Technical aspects. Water Sci Technol. 2001. 43:9-16.  

Fletcher, M. Bacterial attachment in aquatic environments: a diversity of surfaces and 

 adhesion strategies, In M. Fletcher (ed.), Bacterial adhesion: molecular and ecological 

 diversity. John Wiley & Sons, Inc., New York, N. Y. 1996. P. 1-24. 

Fuma,S., Fujishima, Y., Corbell, N., D'Souza, C., Nakano, M.M., Zuber, P., and Yamane, K.

 Nucleotide sequence of 5' portion of srfA that contains the region required for 

 competence establishment in Bacillus subtilis. Nucleic Acids Res. 1993. 21:93-97. 

Fuqua, W. C., Parsek, M. R., and Greenberg, E. P. Regulation of gene expression by cell-to-

 cell communication: acyl-homoserine lactone quorum sensing. Annu.Rev Genet. 

 2001. 35:439-468. 

Fuqua, W. C., Winans, S. C., and Greenberg, E. P. Census and consensus in bacterial 

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

 Annu Rev Microbiol. 1996. 50:727-751. 

Fuqua, W. C., Winans, S. C., and Greenberg, E. P. Quorum sensing in bacteria: the luxR-luxI

 family of cell-density-responsive transcriptional regulators. J Bacteriol. 1994. 

 176:269-275. 



148

Genevaux, P., Muller, S., and Bauda, P. A rapid screening procedure to identify mini-Tn10 

 insertion mutants of Escherichia coli K-12 with altered adhesion properties. FEMS 

 Microbiol. Lett. 1996. 1442:27-30. 

Ghigo, J.M. Natural conjugative plasmids induce bacterial biofilm development. Nature. 2001. 

 412:442-445. 

Gilbert, P., Das, J., and Foley, I. Biofilms susceptibility to antimicrobials. Adv Dent Res. 

 1997. 11:160-167. 

Girard, G., van Rij, E. T., Lugtenberg B. J. J., and G. V. Bloemberg. Regulatory roles of 

psrA and rpoS in phenazine-1-carboxamide synthesis by Pseudomonas chlororaphis

 PCL1391. Microbiol. 2005. in press.

Govan, J. R. W., and Deretic V. Microbial pathogenesis in cystic fibrosis: mucoid 

Pseudomonas aeruginosa and Burkholderia cepacia. Microbiol Rev. 1996. 60:539-574. 

Grangemard, I., Wallach, J., Maget-Dana, R., and Peypoux, F. Lichenysin: a more efficient 

 cation chelator than surfactin. Appl Biochem Biotechnol. 2001. 90:199-210.   

Gross, D. C. Molecular and genetic analysis of toxin production by pathovars of Pseudomonas 

 syringe. Annu Rev Phytopathol. 1991. 29:247-278. 

Guerra-Santos, L. H., Kappeli, O., and Flechter, A. Dependence of Pseudomonas aeruginosa

 continuous culture biosurfactants production on nutritional and environmental 

 factors. Appl Microbiol Biotechnol. 1986. 24:443-448. 

Guenzi, E., Galli, G., Grgurina, I., Gross, D. C., and Grandi, G. Characterization of the 

 syringomycin synthetase gene cluster: A link between prokaryotic and eukaryotic 

 peptide synthetases. J Biol Chem. 1998. 273:32857-32863. 

Haas, D., and Keel, C. Regulation of antibiotic production in root-colonizing Pseudomonas 

spp. and relevance for biological control of plant disease. Annu Rev Phytopathol. 

 2003. 41:117-153. 

Hamblin, M. J., Shaw, J. G., and Kelly, D. J. Sequence analysis and interposon mutagenesis 

 of a sensor-kinase (DctS) and response-regulator (DctR) controlling synthesis of the 

 high-affinity C4-dicarboxylate transport system in Rhodobacter capsulatus. Mol Gen 

 Genet. 1993. 237:215-224. 

Hammer, B.K., Bassler, B.L. Quorum sensing controls biofilm formation in Vibrio cholerae.

 Mol Microbiol. 2003. 50:101-104. 

Hanahan, D. Studies on transformation of Escherichia coli with plasmids. J Mol Biol 1983. 

 166:557-580. 

He, X., Chang, W., Pierce D.L., Seib L.O., Wagner J., Fuqua C. Quorum sensing in 

 Rhizobium sp. strain NGR234 regulates conjugal transfer (tra) gene expression and 

 influences growth rate. J Bacteriol. 2003. 185:809-822. 

Heeb, S., and Haas, D. Regulatory roles of the GacS/GacA two-component system in plant-

 associated and other gram-negative bacteria. Mol Plant Microbe Interact. 2001. 

 14:1351-1363. 



                                                                                              References 

149

Heeb, S., Itoh, Y., Nishijyo, T., Schnider, U., Keel, C., Wade, J., Walsh, U., O’Gara, F., and 

 Haas, D. Small, stable shuttle vectors based on the minimal pVS1 replicon for use in 

 gram-negative, plant-associated bacteria. Mol Plant Microbe Interact. 2000. 13:232-

 237. 

Hengge-Aronis R. Signal transduction and regulatory mechanisms involved in control of the 

 sigma(S) (RpoS) subunit of RNA polymerase. Microbiol Mol Biol Rev. 2002. 66:373-

 395. 

Hengge-Aronis, R, Lange, R, Henneberg, N, and Fischer, D. Osmotic regulation of rpoS-

 dependent genes in Escherichia coli. J Bacteriol. 1993. 175:259-265. 

Henriksen, A., Anthoni, U., Nielsen, T. H., Sørensen, J., Christophersen, C., and Gajhede, 

 M. Cyclic lipoundecapeptide tensin from Pseudomonas fluorescens strain 96.578. 

 Acta Crystal. 2000. 56:113-115.  

Herman, D. C., Artiola, J. F., and Miller, R. M. Removal of cadmium, lead and zinc from soil 

 by a rhamnolipid biosurfactants. Environ Sc and Technol. 1995. 29:2280-2285. 

Hirano, S. S., and Upper, C. D. Bacteria in the leaf ecosystem with emphasis on 

Pseudomonas syringae-a pathogen, ice nucleus, and epiphyte. Microbiol Mol Biol Rev. 

 2000. 64:624-653.  

Hisatsuka, K., Nakahara, T., Sano, N., and Yamada, K. Formation of rhamnolipid by 

Pseudomonas aeruginosa: its function in hydrocarbon fermentations. Agric Biol 

 Chem. 1971. 35:686-692. 

Hogan, D. A., Vik, A., and Kolter, R. A. Pseudomonas aeruginosa quorum-sensing molecule 

 influences Candida albicans morphology. Mol Microbiol. 2004. 54:1212-1223. 

Højberg, O., Schnider, U., Winteler, H. V., Sørensen, J., and Haas, D. Oxygen-sensing 

 reporet strain of Pseudomonas fluorescens for monitoring the distribution of low-

 oxygen habitats in soil. Appl Environ Microbio. 1999. 65:4085-4093. 

Hommel, R. K., Stuwer, O., Stuber, W., Haferburg, D., and Kleber, H. P. Production of 

 water-soluble surface-active exolipids by Torulopsis apicola. Appl Microbiol 

 Biotechnol. 1987. 26:199-205.  

Hossain, H., Wellensiek, H-J., Geyer, R., and Lochnit, G. Structural analysis of glycolipids 

 from Borrelia burgdorferi. Biochem. 2001. 83:683-692. 

Hrabak, E. M., and Willis, D. K. The lemA gene required for pathogenicity of Pseudomonas 

 syringae pv. syringae on bean is a member of a family of two-component regulators. J 

 Bacteriol. 1992. 174:3011-3020. 

Huber. B., Riedel, K., Kothe, M., Givskov, M., Molin, S., and Eberl, L. Genetic analysis of 

 function involved in the late stages of biofilm development in Burkolderia cepacia HIII.

Mol Microbiol. 2002. 46:411-426. 

Hughes, K.T., and Mathee, K. The anti-sigma factors. Annu Rev Microbiol. 1998. 52:231-

 286. 

Hutchinson, M. L., Tester, M. A., and Gross, D. C. Role of biosurfactants and ion-channel-

 forming activities of syringomycin in transmembrane ion flux – a model for the 



150

 mechanism of action in the plant-pathogen interaction. Mol Plant Microbe Interact. 

 1995. 8:610-620. 

Jain, D. K., Thomsom, D. K. C., Lee, H., and Trevors, J. T. A drop-collapsing test for 

 screening surfactant-producing microorganisms. J Microbiol Methods. 1991. 13:271-

 279. 

Javaheri, M., Jennema, G. A., McInnerney, M. J., and Knapp, R. M. Anaerobic production 

 of a biosurfactants by Bacillus licheniformis JF-2. Appl Environ Microbiol 50:698-700.

Kaplan, H.B., and Greenberg, E.P. Diffusion of autoinducer is involved in regulation of the 

Vibrio fischeri luminescence system. J Bacteriol. 1985. 163:1210-1214.

Kappeli, O., Walther, P., Mueller, M., and Fiechter, A. Structure of cell surface of the yeast 

Candida tropicalis and its relation to hydrocarbon transport. Arch Microbiol. 1984. 

 138:279-282. 

Kappeli, O., and W. R. Finnerty. Partition of alkane by an extracellular vesicle derived from 

 hexadecane-grown Acinetobacter. J. Bacteriol. 1979. 140:707-712. 

Keith, L. M. W., Partridge, J. E., and Bender, C. L. dnaK and the heat stress response of 

Pseudomonas syringae pv. glycinea. Mol Plant Microbe Interact. 1999. 12:563-574. 

King, E. O., Ward, M. K., and Raney, D. E. 1954. Two simple media for the demonstration of 

 pyocyanin and fluorescin. J Lab Clin Med. 1954. 44:301-307. 

Kinscherf, T. G., and Willis, D. K. Swarming by Pseudomonas syringae B728a requires gacS

 (lemA) and gacA but not the acyl-homoserine lactone biosynthetic gene ahlI. J 

 Bacteriol. 181:4133-4136.  

Kitten, T., Kinscherf, T.G., McEvoy, J.L., and Willis, D.K. A newly identified regulator is 

 required for virulence and toxin production in Pseudomonas syringae. Mol Microbiol. 

 1998. 28:917-29. 

Kjelleberg, S., and Molin, S. Is there a role for quorum sensing signals in bacterial biofilms? 

 Curr Opin Microbiol. 2002. 5:254-258. 

Kleinkauf, H., and von Döhren, H. A nonribosomal system of peptide biosynthesis. 

 Eur J Biochem. 1996. 236:335-51.  

Kleinkauf, H., and von Döhren, H. The nonribosomal peptide biosynthetic system--on the 

 origins of structural diversity of peptides, cyclopeptides and related compounds. 

 Antonie Van Leeuwenhoek. 1995. 67:229-42.  

Koch, B., Nielsen, T.H., Sørensen, D., Andersen, J.B., Christophersen, C., Molin, S., 

 Givskov, M., Sorensen, J., and Nybroe, O. Lipopeptide production in Pseudomonas 

sp. strain DSS73 is regulated by components of sugar beet seed exudate via the Gac 

 two-component regulatory system. Appl Environ Microbiol. 2002. 68:4509-4516.  

Kohler, T., Curty, L. K., Barja, F., van Delden, C., and Pechere, J. C. Swarming of 

Pseudomonas aeruginosa is dependent on cell-to-cell signaling and requires flagella 

 and pili. J Bacteriol. 2000. 122:5999-5996. 

Kovach, M., Elzer, E. P. H., Hill, D. S., Robertson, G. T., Farris, M. A., Roop, R. M. 2nd,

 and Peterson, K. M. Four new derivatives of the broad-host-range cloning vector 



                                                                                              References 

151

 pBBR1MCS, carrying different antibiotic-resistance cassettes. Gene. 1995.166:175-

 176. 

Kretschneser, A., H. Bock, and F. Wagner. Chemical and physical characterization of 

 interfacial-active lipids from Rhodococcus erythropolis grown on n-alkane. Appl 

 Environ Microbiol. 1982. 44:864-870. 

Kuiper, I., Lagendijk E.L., Bloemberg G.V., and Lugtenberg B.J. Rhizoremediation: a 

 beneficial plant-microbe interaction. Mol Plant Microbe Interact. 2004. 17:6-15.  

Kuiper, I., Lagendijk, E. L., Pickford, R., Derrick, J. P., Lamers, G. E. M., Thomas-Oates, 

 J. E. , Lugtenberg, B. J. J., and Bloemberg, G. V. Characterization of two 

Pseudomonas putida lipopeptide biosurfactants, putisolvin I and II, which inhibit 

 biofilm formation and break down existing biofilms. Mol Microbiol. 2003. 51:97-113. 

Kuiper, I., Bloemberg, G. V., and Lugtenberg, B. J. J. Selection of a plant-bacterium pair as 

 a novel tool for rhizostimulation of polycyclic aromatic hydrocarbon-degrading 

 bacteria. Mol Plant Microbe Interact. 2001. 14:1197-1205. 

Kuiper, I., Bloemberg, G. V., Noreen, S., Thomas-Oates, J. E., and Lugtenberg, B. J. J.

 Increased uptake of putrescine in the rhizosphere inhibits competitive root 

 colonization by Pseudomonas fluorescens strain WCS365. Mol Plant Microbe Interact. 

 2001. 14:1096-1104. 

Kuo, A., Blough, N. V., and Dunlap, P. V. Multiple N-acyl-L-homoserine lactone autoinducers 

 of luminescence in the marine symbiotic bacterium Vibrio fischeri. J Bacteriol. 1994. 

 176:7558-7565. 

Labatte, M., Queck, S. Y., Koh, K. S., Rice, S. A., Givskov, M., and Kjelleberg, S. Quorum 

 sensing-controlled biofilm development in Serratia liquefaciens MG1. J Bacteriol. 

 2004. 186:692-698. 

Labes, M., Puhler, A., and Simon, R. New family of RSF1010-derived expression and lac-

 fusion broad-host-range vectors for gram-negative bacteria. Gene. 1990. 89:37-46. 

Lang, S., and Wullbrandt, D. Rhamnose lipids biosynthesis, microbial production and 

 application potential. Appl Microbiol Biotechnol. 1999. 5:22-32.  

Lange R, and Hengge-Aronis R. Identification of a central regulator of stationary-phase gene 

 expression in Escherichia coli. Mol Microbiol. 1991. 5:49-59. 

Laskos, L., Ryan, C. S., Fyfe, J. A., Davies, J. K. The RpoH-mediated stress response in 

Neisseria gonorrhoeae is regulated at the level of activity. J Bacteriol. 2004. 

 186:8443-8452. 

Lazazzera, B. A., Palmer, T., Quisel, J. D., and Grossman, A. D. Cell density control of gene 

 expression and development in Bacillus subtilis. In Cell-Cell Signaling in Bacteria. 

 Washington, DC: American Society for Microbiology Press. 1999. P. 27-46. 

Lee, I.S., Lin, J., Hall, H.K., Bearson, B., and Foster, J.W. The stationary-phase sigma  

 factor sigma S (RpoS) is required for a sustained acid tolerance response in virulent 

Salmonella typhimurium. Mol Microbiol. 1995. 17:155-167. 



152

Leoni, L.,  Rampioni, G., Di Stefano, V., and Zennaro, E. Dual role of reponse regulator 

 StyR in styrene catabolism regulation. Appl. Environ. Microbiol. 2005. 71:5411-5419. 

Lewis, K. Riddle of biofilm resistance. Antimicrob. Agents Chemother. 2001. 45:999-1007

Liao, C.H., McCallus, D.E., Fett, W.F, and Kang, Y. Identification of gene loci controlling 

 pectate lyase production and soft-rot pathogenicity in Pseudomonas marginalis. Can 

 J Microbiol. 1997. 43:425-31. 

Lindum, P. W., Anthoni, U., Christophersen, C., Eberl, L., Molin, S., and Givskov, M. N-

 acyl-L-homoserine lactone autoinducer control production of an extracellular 

 lipopeptide biosurfactant required for swarming motility of Serratia liquefaciens MG1. 

 1998. J Bacteriol. 180:6384-6388. 

Liras, P., Asturias, J. A., and Martin, J. F. Phosphate control sequences involved in 

 transcriptional regulation of antibiotic biosynthesis. Tibtech. 1990. 8:184-189. 

Loewen, P.C., and Hengge-Aronis, R. The role of the sigma factor sigma S (KatF) in bacterial 

 global regulation. Annu Rev Microbiol. 1994. 48:53-80. 

Lugtenberg, B. J. J., Kravehenko, L. V., and Simons, M. Tomato seed and root exudates 

 sugars: composition, utilization by Pseudomonas biocontrol strain and role in 

rhizosphere colonization. Environ Microbiol. 1999. 5:439-446. 

Lu, S. E., Wang, N., Wang, J., Chen, Z. J., and Gross, D. C. Oligonucleotide microarray 

 analysis of the salA regulon controlling phytotoxin production by Pseudomonas 

 syringae pv. syringae. Mol. Plant Microbe Interact. 2005. 18:324-333. 

Lu, S. E., Scholz-Schroeder, B. K., and Gross, D. C. Characterization of the salA, syrF, and 

syrG regulatory genes located at the right border of the syringomycin gene cluster of 

Pseudomonas syringae pv. syringae. Mol. Plant Microbe Interact. 2002. 15:43-53. 

MacDonald, C. R., Cooper, D. G., and Zajic, J. E. Surface-active lipids from Nocardia 

 erythropolis grown on hydrocarbons. Appl Environ Microbiol. 41:117-123. 

Maier, R.M., and Soberon-Chavez, G. Pseudomonas aeruginosa rhamnolipids: biosynthesis 

 and potential applications. Appl Microbiol Biotechnol. 2000. 54:625-633. 

Marahiel, M., Denders, W., Krause, M., and Kleinkauf, H. Biological role of gramicidin S in 

 spore functions. Studies on gramicidin-S negative mutants of Bacillus brevis 9999. 

 Eur J Biochem. 1977. 99:49-52.   

Marahiel, M. A., Stachelhaus, T., and Mootz, H. D. Modular peptide synthetases involved in 

 nonribosomal peptide synthesis. Chem Rev. 1997. 97:2651-2673. 

Margaritis, A., Kennedy, K., and Jazic, J. E. Application of an air lift fermenter in the 

 production of biosurfactants. Dev Ind Microbiol. 1980. 21:285-294. 

Mathesius, U., Mulders, S., Gao, M., Teplitski, M., Caetano-Anolles, G., Rolfe, B.G., and 

 Bauer, W.D. Extensive and specific responses of a eukaryote to bacterial quorum-

 sensing signals. Proc Natl Acad Sci U S A. 2003. 100:1444-1449. 

Matsuhisa, A, N. Suzuki, Noda, T., and Shiba, K. Inositol monophosphatase activity from 

Escherichia coli suhB gene product. J Bacteriol. 1995. 177:200-205. 



                                                                                              References 

153

Matsuyama, T., Sogawa M., and Yano, I. Direct colony thin-layer chromatography and rapid 

 characterization of Serratia marscens mutants defective in production of wetting 

 agents. Appl Microbiol. 1992. 53:1186-1188. 

Mc Clean, K. H., Winson, M. K., Fish, L., Taylor, A., Chabra, S. R., Camara, R., Daykin, 

 M., Lamb, J. H., Swift, S., Bycroft, B. W., Stewart, G. B., and Williams, P. 

Quorum sensing and chromobacterium violaceum: exploitation of violacein production 

 and inhibition for the detection of N-acylhomoserine lactones. Microbiol. 1997. 

 143:3703-3711. 

Mc Leod, S. M., and Johnson, R. C. Control of transcription by nucleoid proteins. Curr Opin 

 Microbiol. 2001. 4:152-159. 

Miller, J. H. Experiments in molecular genetics. Cold Spring Harbor Laboratory. 1972. Cold 

 Spring Harbor, NY. 

Millsap, K. W., Reid, G., van der Mei, H. C., and Busscher, H. J. Adhesion of Lactobacillus 

species in urine and phosphate buffer to silicone rubber and glass under flow. 

 Biomaterials. 1997. 18:87-91. 

Mireles, J.R., II, Toguchi, A., and Harshey, R.M. Salmonella enterica Serovar Typhimurium

 swarming mutants with altered biofilm-forming abilities: Surfactin inhibits biofilm 

 formation. J Bacteriol. 2001. 183:5848-5854. 

Mitchell, R. E., and Frey, E. J. Production of N-coronafacoyl-L-amino acid analogues of 

 coronatine by Pseudomonas syringae pv. atropurpurea in liquid cultures 

 supplemented with L-amino acids. J Gen Microbiol. 1986. 132:1503-1507. 

Mo, Y.-Y., and Gross, D. C. Expression in vitro and during plant pathogenesis of the syrB

 gene required for syringomycin production by Pseudomonas syringae pv. syringae.

 Mol Plant Microbe Interact. 1991. 4:28-36. 

Morikawa, M., Daido, H., Taka, T., Murata, S., Shimonishi, Y., and Imanaka, T. A new 

 lipopeptide biosurfactants produced by Arthrobacter sp. strain MIS38. J Bacteriol. 

 1993. 175:6459-6466. 

Muffler, A., Barth, M., Marschall, C., and Hengge-Aronis, R. Heat shock regulation of S

 turnover: a role for DnaK and relationship between stress response mediated by S

and 32 in Escherichia coli. J Bacteriol. 1997. 179:445-452. 

Mulligan, C. N. Environmental applications for biosurfactants. Environ Pol. 2005. 133:183-

 198. 

Naberhaus, F., Giebeler, K., and Bohl, H. Molecular characterization of the dnaK gene region 

 of Clostridium acetobutylium, including grpE, dnaJ, and a new heat shock gene, J 

 Bacteriol. 1992. 174:3290-3299. 

Nakahigashi, K., Yanagi, H., and Yura, T. DnaK Chaperone-mediated control of activity of a 

 sigma(32) homolog (RpoH) plays a major role in the heat shock response of 

Agrobacterium tumefaciens. J Bacteriol. 2001. 183:5302-5310. 

Nakajima A., Sugimoto, Y., Yoneyama, H., and Nakae, T. Localization of the outer 

 membrane subunit OprM of resistance-nodulation-cell division family 



154

 multicomponent efflux pump in Pseudomonas aeruginosa. J Biol Chem. 2000. 

 275:30064-30068. 

Nealson, K.H., Platt, T., Hastings, J.W. Cellular control of the synthesis and activity of the 

 bacterial luminescent system. J Bacteriol. 1970. 104:313-322. 

Neu, T. R. Significance of bacterial surface-active compounds in interaction of bacteria with 

 interfaces. Microbiol Rev. 1996. 60:151-166. 

Neu, T. R., and Poralla, K. Emulsifying agent from bacteria isolated during screening for cells 

 with hydrophobic surfaces. Appl Microbiol Biotechnol. 1990. 32:521-525. 

Nielsen, T. H., and Sørensen, J. Production of cyclic lipopeptides by Pseudomonas 

 fluorescens strains in bulk soil and in the sugar beet rhizosphere. Appl Environ 

 Microbiol. 2003. 69:861-868. 

Nielsen, T. H., Christophersen, C., Anthoni, V., and Sørensen, J. Viscosinamide, a new 

 cyclic depsipeptide with surfactant and antifungal properties produced by 

Pseudomonas fluorescens DR54. J Appl Microbiol. 1999. 87:80-90. 

Nyavad, B., and Kilian, M. Comparison of the initial streptococcal microflora on dental 

enamel  in caries-active and in caries-inactive individuals. Caries Res. 1998. 24:267-272. 

Nybroe, O., and Sørensen, J. Production of cyclic lipopeptides by fluorescent pseudomonads. 

 Pages 147-172 in: Pseudomonas, Biosynthesis of Macromolecules and Molecular 

 Metabolism, Ramos, J-L., ed., Kluwer Academic/Plenum Publisher, New York. 

Nystrom, T., and Neidhardt, F. C. Cloning, mapping and nucleotide sequencing of a gene 

 encoding a universal stress protein in Escherichia coli. Mol Microbiol. 1992. 6:3187-

 3198. 

Ohta, T., Saito, K., Carate, M., Honda, K., Hayride, H., and Hayashi, H. Molecular cloning 

 of two new heat shock genes related to the hsp70 genes in Staphylococcus aureus. J 

 Bacteriol. 1994. 176:4779-4782. 

O'Toole, G.A., Gibbs, K.A., Hager, P.W., Phibbs, P.V. Jr, and Kolter, R. The global carbon 

 metabolism regulator Crc is a component of a signal transduction pathway required 

 for biofilm development by Pseudomonas aeruginosa. J Bacteriol. 2000. 182:425-431. 

O’Toole, G. A., and Kolter, R. The initiation of biofilm formation in Pseudomonas fluorescens 

WCS365 proceeds via multiple, convergent signaling pathways: a genetic analysis. 

 Mol Microbiol. 1998. 28:449-461. 

Pabo, C. O., and Sauer, R. T. Transcription factors: structural families and principles of DNA 

 recognition. Annu Rev Biochem. 1996. 12:1053-1095. 

Paek, K. H., and Walker, G. C. Escherichia coli dnaK null mutants are unviable at high 

 temperature. J Bacteriol. 1987. 169:283-290. 

Palmer, D. A., and Bender, C. L. Effects of environmental and nutritional factors on 

 production of the polyketide phytotoxin coronatine by Pseudomonas syringae pv. 

glycinea. 1993. 59:1619-1626. 



                                                                                              References 

155

Parkins, M.D., Ceri, H., and Storey, D.G. Pseudomonas aeruginosa GacA, a factor in 

 multihost virulence, is also essential for biofilm formation. Mol Microbiol. 2001. 

 40:1215-1226. 

Parkinson, J. S., and Kofoid, E. C. Communication modules in bacterial signaling proteins. 

 Annu Rev Genet. 1992. 26:71-112. 

Passador, L., Cook, J.M., Gambello, M.J., Rust, L., and Iglewski, B.H. Expression of 

Pseudomonas aeruginosa virulence genes requires cell-to-cell communication. 

 Science. 1993. 260:1127-1130. 

Paulsen, I. T., Press, C. M., Ravel, J., Kobayashi, D. Y., Myers, G. S. A., Mavrodi, D. V., 

 DeBoy, R. T., Seshadri, R., Ren, Q. H., Madupu, R., Dodson, R. J., Durkin, A. S., 

 Brinkac, L. M., Daugherty, S. C., Sullivan, S. A., Rosovitz, M. J., Gwinn, M. L., 

 Zhou, L. W., Schneider, D. J., Cartinhour, S. W., Nelson, W. C., Weidman, J., 

 Watkins, K., Tran, K., Khouri, H., Pierson, E. A., Pierson, L. S., Thomashow, L. 

 S., and Loper, J. E. Complete genome sequence of the plant commensal 

Pseudomonas fluoresens Pf-5. Nat Biotech. 2005. 23:873-878. 

Pearson, J. P., van-Delden., C., and Iglewski, B. H. Active efflux and diffusion are involved 

 in transport of Pseudomonas aeruginosa cell-to-cell signals. J Bacteriol. 1999. 

 181:1203-1210. 

Pearson, J. P., Pesci, E.C., and Iglewski, B. H. Roles of Pseudomonas aeruginosa lasI and

rhlI quorum-sensing systems in control of elastase and rhamnolipid biosynthesis 

 genes. J bacteriol. 1997. 179:5756-5767. 

Pearson, J.P., Gray, K.M., Passador, L., Tucker, K.D., Eberhard, A., Iglewski, B.H., 

 Greenberg, E.P. Structure of the autoinducer required for expression of 

Pseudomonas aeruginosa virulence genes. Proc Natl Acad Sci U S A. 1994. 4:197-201. 

Peypoux, F., Bonmatin, J. M., and Wallach, J. Recent trends in the biochemistry of 

 surfactin. Applied Microbiology and Biotechnology. 1999. 51:553-563. 

Piper, K. R., Beck von Bodman, S., and Farrand S. K. Conjugation factor of Agrobacterium 

 tumefaciens regulates Ti plasmid transfer by autoinduction. Nature. 1993. 362:448-

 450. 

Pittard, J., Camakaris, H., and Yang, J. The TyrR regulon. Mol. Microbiol. MicroRev. 2005. 

 55: 16-26. 

Pratt, L. A., and Kolter, R. Genetic analysis of Escherichia coli biofilm formation: defining the 

 roles of flagella, motility, chemotaxis and type I pili. Mol Microbiol. 1998. 30:285-294. 

Pratt, L.A., and Silhavy, T.J. Identification of base pairs important for OmpR-DNA 

 interaction. Mol Microbiol. 1995. 17:565-73. 

Providenti, M. A., Fleming, C. A., Lee, H., and Trevors, J. T. Effect of addition of 

 rhamnolipid biosurfactants or rhamnolipid producing Pseudomonas aeruginosa on 

 phenanthrene mineralization in soil slurries. FEMS Microbiol. 1995. 17:15-26. 



156

Quigley, N.B., Mo, Y.Y., and Gross, D.C. SyrD is required for syringomycin production by 

Pseudomonas syringae pathovar syringae and is related to a family of ATP-binding 

 secretion proteins. Mol Microbiol. 1993. 9:787-801.

Raaijmakers, J. M., de Kock, M., and de Bruijn, I. Cyclic lipopeptide production by plant-

 associated Pseudomonas species: diversity, activity, biosynthesis and regulation. Mol 

 Plant-Microbe Interact Rev. In press

Rhaman, K. S. M., Banat, I. M., Rhaman, T. J., Thayumanavan, Tha., and 

 Lakshmanaperumalsamy, P. Bioremediation of gasoline contaminated soil by a 

 bacterial consortium amended with poultry litter, coir pith and rhamnolipid 

 biosurfactants. Bioresource technology. 2002. 81:25-32. 

Rich, J.J., Kinscherf, T.G., Kitten, T., and Willis, D.K. Genetic evidence that the gacA gene 

 encodes the cognate response regulator for the lemA sensor in Pseudomonas 

 syringae. J Bacteriol. 1994. 176:7468-7475. 

Rockabrand, D., Livers, K., Austin, T., Kaiser, R., Jensen, D., Burgess, R., and, Blum, P. 

Roles of DnaK and RpoS in starvation-induced thermotolerance of Escherichia coli. J 

 Bacteriol. 1998. 180:846-854. 

Rockabrand, D., Arthur, T., Korinek, G., Livers, K., and Blum, P. An essential role for the 

Escherichia coli DnaK protein in starvation-induced thermotolerance, H2O2 resistance, 

 and reductive division. J Bacteriol. 1995. 177:3695-3703. 

Ron, E. Z., and Rosenberg, E. Biosurfactants and oil remediation. Curr Opin in Biotechnol. 

 2002. 13:249-252.  

Ron. E. Z., and Rozenberg, E. Natural roles of biosurfactants. Environ Microbiol. 2001. 

 3:229-236. 

Roongsawang, N., Hase, K., Haruki, M., Imanaka, T., Morikawa, M., and Kanaya, S. 

Cloning and characterization of the gene cluster encoding arthrofactin synthetase 

 from Pseudomonas sp. MIS38. Chem Biol. 2003. 10:869-880. 

Rosenberg, E., and Ron, E. Z. Surface active polymers from the genus Acinetobacter. In 

 Biopolymers from Renewable Resourses. Kaplan, D.L. (ed). New york: Springer-

 Verlag. 1998. 281-291. 

Rosenberg, E., and Ron, E. Z. Bioemulsans: microbial polymeric emulsifiers. Curr Opin 

 Biotechnol. 1997. 8:313-316. 

Rosenberg, E. Exploiting microbial growth on hydrocarbons- new markets. Tibtech. 1993. 

 11:419-424. 

Rosenberg, E., Rubinovitz, C., Legmann, R., and Ron, E. Z. Purification and chemical 

 properties of Acinetobacter calcoaceticus A2 biodispersan. Appl Environ Microbiol. 

 1988. 54:323-326. 

Rosenberg, E., Zuckerberg, A., Rubinovitz, C., and Gutnick, D. L. Emulsifier Arthrobacter 

RAG-1: isolation and emulsifying properties. Appl Environ Microbiol. 1979. 37:402-

 408. 



                                                                                              References 

157

Sambrook, J., and Russell, D. W. Molecular Cloning: a Laboratory Manual, Cold Spring 

 Harbor Laboratory Press. 2001. Cold Spring Harbor, New York. 

Schink, B. Energetics of syntrophic cooperation in methanogenic degradation. 1997. 

 Microbiol. Mol Biol Rev. 61:262-280. 

Schnider, U., Keel, Voisard, C., Defago, G., and Haas, D. Tn5-directed cloning pqq genes 

 from Pseudomonas fluorescens CHAO: mutational inactivation of the genes results in 

 overproduction of the antibiotic pyoluteorin. Appl Environ Microbiol. 1995. 61:3856-

 3864. 

Scholz-Schroeder, B.K., Hutchison, ML, Grgurina, I, and Gross, DC. The contribution of 

 syringopeptin and syringomycin to virulence of Pseudomonas syringae pv. syringae 

strain B301D on the basis of sypA and syrB1 biosynthesis mutant analysis. Mol 

 Plant Microbe Interact. 2001. 14:336-48. 

Schuster, M., Hawkins, A. C., Harwood, C. S., and Greenberg, E. P. The Pseudomonas 

 aeruginosa RpoS regulon and its relationship to quorum sensing. Mol Microbiol. 

 2004. 51:973-985. 

Schuster, M., Hawkins, A.C., Harwood, C.S., and Greenberg. E.P. The Pseudomonas 

 aeruginosa RpoS regulon and its rel, rpoS transcription in Escherichia coli and 

Pseudomonas: why so different? Mol Microbiol. 2003. 49:1-9. 

Shreve, G. S., Inguva, S., and Gunnan, S. Rhamnolipid biosurfactants enhancement of 

 hexadecane biodegradation by Pseudomonas aeruginosa. Molecular and Marine 

 Biology and Biotechnology 4. 1995. P.331-337. 

Sledjeski, D.D., Gupta, A., and Gottesman, S. The small RNA, DsrA, is essential for the low 

 temperature expression of RpoS during exponential growth in Escherichia coli.

 EMBO J. 1996. 15:3993-4000. 

Sonenshein, A.L. Control of sporulation initiation in Bacillus subtilis. Curr Opin Microbiol. 

 2000. 3:561-566. 

Sørensen, D., Nielsen, T.H., Christophersen, C., Sørensen, J., and Gajhede, M. Cyclic 

 lipoundecapeptide amphisin from Pseudomonas sp. strain DSS73. Acta Crystallog C. 

 2001. 57:1123-1124.

Stachelhaus, T., Mootz, H. D., and Marahiel, M. A. The specificity-conferring code of 

 adenylation domains in nonribosomal peptide synthetases. Chem Biol. 1999. 6: 493-

 505. 

Stachelhaus, T., and Marahiel, M.A. Modular structure of genes encoding multifunctional 

 peptide synthetases required for non-ribosomal peptide synthesis. FEMS Microbiol. 

 Lett. 1995. 125:3-14. 

Stanley, N.R., Lazazzera, B.A. Environmental signals and regulatory pathways that influence 

 biofilm formation. 2004. Mol Microbiol. 52:917-24. 

Steidle, A., Allesen-Holm, M., Riedel, K., Berg, G., Givskov, M., Molin, S., Eberl, L. 

Identification and characterization of an N-acylhomoserine lactone-dependent 



158

 quorum-sensing system in Pseudomonas putida strain IsoF. Appl Environ Microbiol. 

 2002. 68:6371-6382. 

Stevens, A. M, and Greenberg, E. P. Quorum sensing in Vibrio fischeri: essential elements for 

 activation of the luminescence genes. J Bacteriol. 1997. 179:557-62. 

Stewart, P. S., and Costerton, J. W. Antibiotic resistance of bacteria in biofilms. Lancet.  

 2001. 358:135-138.

Strauss, D., Walter, A., and Gross, C. A. DnaK, DnaJ and GrpE heat  shock proteins 

 negatively regulate heat shock gene expression by controlling the synthesis and 

 stability of sigma 32. Genes Dev. 1990. 4:2202-2209. 

Suzuki, T., Hayashi, R., Haferburg, D., and Tulloch, A. P. Extracellular glycolipids of yeasts, 

 P.523-540. In A. H. Rose (ed.), Economic microbiology, Vol. 3, Academic Press, Inc., 

 New York. 

Swift, S., Downie, J. A., Whitehead, N. A., Barnard, A. M., Salmond, G. P., and Williams, 

 P. Quorum sensing as a population-density-dependent determinant of bacterial 

 physiology. Adv Microb Physiol. 2001.45:199-270. 

Swift, S., Throup, J. P., Williams, P., Salmond, G. P. C., and Stewart, G. S. A. B. Quorum 

 sensing; a population density component in the determination of bacterial phenotype. 

 Trends In Biochemical Sciences. 1996. 21:214-219. 

Trevors, J. T., van Elsas, J. D., Starodub, M. E., van Overbeek, L. S. Survival of an plasmid 

 stability in Pseudomonas and Klebsiella spp. introduced into agricultural drainage 

 water. Can J Microbiol. 1989. 35:675-680. 

Tuleva, B. K., Ivanov, G. R., and Chrostova, N. E. Biosurfactant production by a new 

Pseudomonas putida strain. Z. Naturforsch [C]. 2002. 57: 356-360.

van den Broek, D., Chin-A-Woeng, T.F., Eijkemans K., Mulders, I.H., Bloemberg, G.V., 

 and Lugtenberg, B.J. Biocontrol traits of Pseudomonas spp. are regulated by phase 

 variation. Mol Plant Microbe Interact. 2003. 16:1003-1012. 

Velraeds, M.M.C., van de Belt-Gritter, B., Busscher, H.J., Reid, G., and van der Mei, H.C.

 Inhibition of uropathogenic biofilm growth on silicone rubber in human urine by 

 lactobacilli – a teleologic approach. World J Urol. 2000. 18:422-426.

Venturi, V. Control of rpoS transcription in Escherichia coli and Pseudomonas: why so 

 different? Mol Microbiol. 2003. 49:1-9. 

Vining, L.C. Functions of secondary metabolites. Annu. Rev. Microbiol. 1990. 44:395-427. 

Von Döhren, H., Keller, U., Vater, J., and Zocher, R. Multifunctional peptide synthetases. 

 Chem Rev. 1997. 97:2675-2705. 

Wei, Y.H., Lai,, H.C., Chen, S.Y., Yeh, M.S., and Chang, J.S. Biosurfactant production by 

Serratia marcescens SS-1 and its isogenic strain SMdeltaR defective in SpnR, a 

 quorum-sensing LuxR family protein. Biotechnol Lett. 2004. 26:799-802. 

Weng, S.F., Tai, P.M., Yang, C.H., Wu, C.D., Tsai, W.J., Lin, J.W., and Tseng, Y.H.

 Characterization of stress responsive genes, hrcA-grpE-dnaK-dnaJ, from 

 phytopathogenic Xanthomonas campestris. Arch Microbiol. 2001. 176:121-128. 



                                                                                              References 

159

Whistler, C.A., Corbel, N.A., Sarniguet, A., Ream, W., and Loper, J.E. The two-component 

 regulators GacS and GacA influence accumulation of the stationary-phase sigma 

 factor sigmaS and the stress response in Pseudomonas fluorescens Pf-5. J Bacteriol. 

 1998. 180:6635-6641. 

Whiteley, M., Bangera, M. G., Bumgarner, R. E., Parsek, M. R., Teitzel, G. M., Lory, S., 

 and Greenberg, E. P. Gene expression in Pseudomonas aeruginosa biofilms. Nature. 

 2001. 413: 860-864. 

Whiteley, M., Parsek, M. B., and Greenberg, E. P. Regulation of quorum sensing by RpoS in 

Pseudomonas aeruginosa. J Bacteriol. 2000. 182:4356-4360. 

Winson, M. K., Swift, S., Fish, L., Throup, J. P., Jorgensen, F., Chabra, S. R., Bycroft, B. 

 W., Williams, P., and Stewart, G. S. Construction and analysis of luxCDABE-based 

 plasmid sensors for investigating N-acyl-homoserine lactone-mediated quorum 

 sensing. FEMS Microbiol. Lett. 1998. 163:185-192. 

Wise, A. A., and Price, C. W. Four additional genes in the sigB operon of Bacillus subtilis that 

 control activity of the general stress factor sigma B in response to environmental 

 signals. J Bacteriol. 1995. 177:123-133. 

Wolfaardt, G.M., Lawrence, J.R., Robarts, R.D., and Caldwell, D.E. In situ Characterization 

 of Biofilm Exopolymers Involved in the Accumulation of Chlorinated Organics. Microb 

 Ecol. 1998. 35:213-23. 

Wolk, C. P., Cai, Y., and Panoff, J. M. Use of a transposon with luciferase as a reporter to 

 identify environmentally responsive genes in a cyanobacterium.  Proc Natl Acad Sci U 

 S A. 1991. 88:5355-5359. 

Yakimov, M. M., Timmis, K. N., Wray, V., and Fredrickson, H. L. Characterization of a new 

 lipopeptide surfactant produced by thermotolerant and halotolerant subsurface 

Bacillus licheniformis BAS50. Appl Environ Microbiol. 1995. 61:1706-1713. 

Yang J., J. S. Hwang, H. Camakaris, W. Irawaty, A. Ishihama, and J. Pittard. Mode of 

 action of the TyrR protein: repression and activation of the tyrP promoter of 

Escherichia coli. Mol Microbiol. 2004. 52:243-256. 

Zhang, J.H., Quigley, N.B., and Gross, D.C. Analysis of the syrP gene, which regulates 

 syringomycin synthesis by Pseudomonas syringae pv. syringae. Appl Environ 

 Microbiol. 1997. 63:2771-2778. 

Zhou, Y. N., Kusukawa, N., Erickson, J. W., Gross, C. A., and Yura, T. Isolation and 

 characterization of Escherichia coli mutants that lack the heat shock sigma factor 

 sigma 32. J Bacteriol. 1988. 170:3640-3649. 

Zhu, J., and Mekalanos, J. J. Quorum sensing-dependent biofilms enhance colonization in 

Vibrio cholerea. Dev Cell. 2003. 5:647-656. 




