
 

 

 

 

Proteomic analysis of the biofilm and biofilm-associated 

phenotypes of Pseudomonas aeruginosa cultured in batch 
 
 
 
 
 
 

by 
 
 
 
 
 
 

BRIDGITTA STEYN 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Submitted in partial fulfillment of the requirements for the degree 
Philosophiae Doctor 

in the Faculty of Natural and Agricultural Sciences 
University of Pretoria 

Pretoria 
 
 

August 2005 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 

 
 
 



  

ACKNOWLEDGEMENTS 

 

Hereby I wish to express my sincere thanks and appreciation to: 

 

Prof J Theron, for picking up the ball and running with it. Thank you for all the hard work 

and giving me a chance… 

 

Prof VS Brözel, for getting me started and keeping me interested. You taught me so much… 

 

National Research Foundation and University of Pretoria, for financial assistance. 

 

Dr MC Oosthuizen, for her help in the laboratory, especially with establishing the 2D PAGE 

procedure, but more for her moral support and special friendship. 

 

To my fellow students and friends, for their help, support, understanding, and just for being 

there, especially Julian, Boet and Aida. 

 

Allan Hall, for helping with the glass wool photographs. 

 

Everyone at Stimuplant, for their support and encouragement and for being so patient with 

me. 

 

To my mother, for all her love, support, understanding, patience and so much more… 

 

To my Heavenly Father, with whom everything is possible! 

 

 

 

Dedicated to my father and brother 

 

I wish that the two of you were still 

here… I miss you and love you always… 

 i

 
 
 



  

 

 

 

 

 

 

 

 

 

 

 

 

DECLARATION 

 

I declare that the thesis, which I hereby submit for the degree, Philosophiae Doctor 

(Microbiology) at the University of Pretoria, is my own work and has not previously been 

submitted by me for a degree at another University. 

 

 

Signed:  ……………………………………..    Date:  ………………………….. 

 

 

 

 

 

 

 

 

 

 

 

 

 ii

 
 
 



  

Proteomic analysis of the biofilm and biofilm-associated phenotypes of  

Pseudomonas aeruginosa cultured in batch 
 

by 

 

BRIDGITTA STEYN 

 

Supervisor:  Prof. J. Theron 
 Department of Microbiology and Plant Pathology 
 University of Pretoria 
 
Co-supervisor:  Prof. V.S. Brözel 

 Department of Biology and Microbiology 
 South Dakota State University 
 

for the degree PhD 

 

Pseudomonas aeruginosa is one of the most studied biofilm-forming organisms and has 

emerged as a model organism in the study of surface- and biofilm-induced gene expression.  

The transition from a planktonic to a biofilm mode of growth results in diverse changes in 

gene expression, which causes the attaching cells to become phenotypically and metabolically 

distinct from their planktonic counterparts.  In this study, a proteomic approach was used to 

study differences in protein profiles obtained from 18-h old P. aeruginosa PAO1 (DSM 1707) 

planktonic, surface influenced planktonic (SIP) and biofilm populations grown in batch in the 

absence or presence of a glass wool substratum. 

 

Glass wool as an attachment substratum not only supported growth of biofilms, but it also 

allowed for the separation of the biofilm biomass from the surrounding surface influenced 

planktonic (SIP) cells for further characterisation.  Comparative analysis of the respective 

proteomes indicated striking differences in the protein patterns of planktonic, biofilm and SIP 

cells and several uniquely expressed proteins were seen on the 2-DE protein maps of the 

respective populations.  Whereas a general down-regulation of protein expression was seen in 

the biofilm cells, in SIP cells, expression of the proteins was generally up-regulated.  The 

results confirmed that the biofilm population differs from the planktonic population and 

indicated that the SIP population is not merely a mixture of planktonic and biofilm cells but 

rather a unique phenotype. 
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Several differentially expressed protein spots were selected and identified using a 

combination of N-terminal protein sequencing and peptide mass fingerprinting.  The proteins 

comprised mostly of outer membrane or membrane-associated proteins.  Based on these 

analyses, a mutant P. aeruginosa strain, deficient in outer membrane protein OprG, was 

generated and its ability to form biofilms on a glass wool substratum was compared with that 

of the wild-type P. aeruginosa strain.  The mutant strain was attachment-proficient but 

biofilm-deficient, suggesting that OprG plays a role in P. aeruginosa biofilm development 

under the culturing conditions used in this study. 
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