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ABSTRACT  

Pseudomonas aeruginosa is an opportunistic pathogen. It causes chronic lung infections 

in the cystic fibrosis patients. These infections become highly resistant to antibacterial 

treatments. Bacteria develop this resistance because they become protected inside 

biofilms. Biofilms are microbial communities enmeshed in a partially self-produced and 

partially recruited, impregnable extracellular matrix. The matrix is composed of 

extracellular DNA, proteins, lipids and exopolysaccharides. The exopolysaccharides 

play an imperative role in architecture of the biofilm matrix. P. aeruginosa produces 

three distinct exopolysaccharides; Psl, Pel and alginate. In this study, non-mucoid strain 

PAO1 and mucoid (producing excessive alginate) strain PDO300 of P. aeruginosa were 

used to generate mutants deficient in one or more exopolysaccharides. Role of these 

three exopolysaccharides in biofilm formation was investigated. Results showed that the 

absence of alginate altered the architecture of biofilms in PDO300 as well as in PAO1, 

when compared to biofilms formed by the respective parent strains. Psl was found 

indispensable for mushroom-like shape of the biofilms in both strains.  Pel was required 

for the compactness of the biofilms, but PAO1 formed mushroom-like structures even 

in the absence of Pel. However, Pel-deficient PDO300 did not form mature biofilm, 

suggesting differential role of Pel in the two strains. Psl-only as well as Pel-only, 

producing mutants were able to formed multilayer biofilm. Production of one type of 

exopolysaccharide appeared to influence production of the other types of 

exopolysaccharide. Psl-deficient mutants increased the production of Pel, while Pel-

deficient mutants showed a ten-fold increase in the production of alginate. Furthermore, 

absence of negatively charged alginate in the biofilm was compensated by eDNA. 

Regulation of exopolysaccharide biosynthesis operons showed a high expression of psl 

operon in PAO1, whereas its expression in PDO300 was surprisingly low and confined 

to a few cells near the base. A high and uniform expression of the algD operon in 

PDO300 was observed at all times during biofilm development. A low expression of 

algD operon was also detected in PAO1. Expression of the pel operon was confined to 

the stalk of PDO300 and PAO1. The role of PelF, the only glycosyltransferase encoded 

by pel operon, in Pel biosynthesis was investigated and found to be a soluble 

glycosyltransferase which uses UDP-glucose towards Pel biosynthesis. Site directed 

mutagenesis revealed that conserved R-325 and K-330 were essential for the PelF 

activity.  



iv 

 

Table of Contents 
 

Acknowledgements............................................................................. i 

Abstract..................................................................................................... iii 

Table of Contents................................................................................. iv 

List of Figures........................................................................................ vi 

List of Tables......................................................................................... vii 

Chapter I........................................................................................................... 1 

 Microbial biofilms...................................................................................... 3 

 Biofilm formation....................................................................................... 5 

 Regulation of biofilm formation................................................................. 14 

 The important exopolysaccharides for P. aeruginosa biofilm formation...  17 

 Role of exopolysaccharides in biofilm.................................................. 21 

 References.............................................................................................. 24 

Chapter II....................................................................................................... 42 

 Introduction........................................................................................... 44 

 Genetics of bacterial alginate biosynthesis............................................. 45 

 Biosynthesis of alginate.......................................................................... 47 

 Regulation of bacterial alginate biosynthesis.......................................... 50 

 Applications of bacterial alginates........................................................... 53 

 References............................................................................................... 55 

Chapter III..................................................................................................... 67 

 Introduction........................................................................................... 69 

 Materials and methods........................................................................ 71 

 Results.................................................................................................. 77 

 Discussion............................................................................................ 87

 Supplementary material........................................................................ 91 

 References............................................................................................. 98 

Chapter IV..................................................................................................... 102 

 Introduction........................................................................................... 104

 Materials and methods........................................................................ 106 



v 

 

 Results.................................................................................................. 108 

 Discussion............................................................................................ 115 

 Supplementary material........................................................................ 118 

 References............................................................................................. 120 

Chapter V..................................................................................................... 124 

 Introduction........................................................................................... 126 

 Materials and methods........................................................................ 128 

 Results.................................................................................................. 135 

 Discussion............................................................................................ 142 

 Supplementary material........................................................................ 147 

 References............................................................................................. 152 

Chapter VI..................................................................................................... 158 

 General discussion................................................................................... 159 

 Future outlook.......................................................................................... 166 

 References............................................................................................. 167 

  



vi 

 

List of Figures 
 

Chapter I  

Figure 1 Schematic diagram of biofilm development ....................... 6 

Chapter II  

Figure 1. Proposed alginate biosynthesis pathway in P. aeruginosa.. 48 

Figure 2. Overview of alginate biosynthesis in P. aeruginosa.............. 53 

Chapter III 

Figure1 Assessment of Pel formation in various exopolysaccharide 

deficient mutants  ....................................................................................... 77 

Figure 2. Attachment of various P. aeruginosa PAO1 strains to solid 

surface.......................................................................................................... 81 

Figure 3. Confocal laser scanning microscopic images of P. aeruginosa  

biofilms ........................................................................................................ 83 

Figure 4. DNase treatment of high amount of eDNA producing  

mutants biofilms. ......................................................................................... 84 

Figure 5. Height of microcolonies and base layer of each biofilm ...... 86 

Figure S1. Attachment of various PDO300 strains to solid surface. ... 95 

Figure S2. Confocal laser scanning microscopic images of the biofilms 

PAO1 mutants........................................................................................ 96 

Figure-S3 Confocal laser scanning microscopic images of PDO300  

biofilm  .......................................................................................................... 97 

Chapter IV 

Figure 1. Biofilm showing expression of the psl, pel and algD  

operons  ............................................................................................111-114 

Chapter V 

Figure 1. Immunoblot showing the subcellular localization of PelF..... 135 

Figure 2.  SDS-PAGE analysis of partially purified PelF....................... 136 

Figure 3. Concentration of UDP-glucose in the soluble fraction of  

various P. aeruginosa PAO1 mutants........................................................... 138 

Figure 4. PelF activity as measured by UDP-glucose consumption..... 139 

Figure 5. In vivo activitity of PelF and its variants ............................... 141 

Figure 6. Structural model of PelF generated by PHYRE2. ................. 146  



vii 

 

List of Tables 

Chapter II 

Table 1. Genes involved in alginate biosynthesis and their function........ 46 

Chapter III 

Table 1. An overview of exopolysaccharides produced by mutants used  

in this study .................................................................................................. 79 

Table 2. Characteristics of biofilms formed by P. aeruginosa mutants ... 85 

Table S1. Bacterial strains, plasmids, and oligonucleotide used in this  

study ....................................................................................................... 91 

Table S2. Alginate quantification of various P. aeruginosa PDO300 

 mutants ........................................................................................................ 94 

Chapter IV 

Table 1. A comparison of heights of the psl, pel and algD expressing- 

regions with the heights of the biofilms of P. aeruginosa  ........................ 109 

 Table S1. Bacterial strains, plasmids, and oligonucleotide used in this  

 study .......................................................................................................... 118 

Chapter V 

Table S1. Table of strains, plasmids and primers used in this study. ..... 147 

Table S2. PelF peptides identified by MALDI-TOF-TOF. .................... 149 

Table S3. Sequences of synthetic DNA fragments used for site  

directed mutagenesis ..................................................................................... 150 

 

 

 

 

 

 

 

 

 

 

  


