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Abstract: The surfaces of bacteria are often decorated with complex polysaccharides that function as 

protective barriers and mediate interactions with the extracellular environment. One such molecule is 

lipopolysaccharide (LPS), the main constituent of the extracellular face of a prototypical Gram-negative 

bacterial outer membrane. LPS is a major virulence factor composed of a lipid anchor, core 

oligosaccharide, and a long polysaccharide chain, termed the O antigen, which is highly variable in 

structure and length. Importantly, the regulation of the O antigen chain to predetermined lengths may 

confer specific protective properties and/or facilitate certain interactions. This work examines the 

assembly of the O-specific antigen (OSA) glycoform of O antigen in the opportunistic pathogen 

Pseudomonas aeruginosa and investigates the mechanisms that determine the length of the polymer chain. 

In order to broaden our understanding of OSA biosynthesis we aimed to locate the previously unidentified 

O antigen biosynthesis clusters responsible for the synthesis of the O15 and O17 OSA structures by mining 

published whole genome sequence data. Both clusters were found outside of the conserved OSA 

biosynthesis locus and were likely acquired through multiple horizontal gene transfer events. The results 

of our knockout and overexpression experiments determined that synthesis of the O15 and O17 antigens 

follows an ABC transporter-dependent pathway previously unidentified in P. aeruginosa. We also 

discovered that the O15 and O17 polysaccahride chain lengths are regulated by “molecular rulers” with 

distinct domain architectures. In a separate investigation, we examined OSA chain length regulation in 

the Wzx/Wzy-dependent pathway. In this system, two Wzz proteins, Wzz1 and Wzz2, confer OSA chain 

lengths of long and very long, respectively. We found that compared to Wzz1, Wzz2 has distinct amino 

acid insertions in the central α-helices and in membrane distal and proximal loops. When these regions 

Continued… 



      

   

      

       

      

     

 

 

 

      

      

  

 

   

   

 

     

    

     

 

 

  

   

   

 

 

   

    

 

  

    

 

 

were deleted in Wzz2, the mutant proteins conferred drastically shortened chain lengths. Within these 

regions we identified several conserved amino acid residues that were then targeted for site-directed 

mutagenesis. Our results implicate an RXE motif in loop 4 and a “hot spot” of charged and polar residues 
in α7 in the function of Wzz2. We present evidence that the functionally important residues of α7 are likely 

involved in stabilizing Wzz2 through coiled-coil interactions. Overall, the results discussed here provide 

a comprehensive look at P. aeruginosa O antigen assembly by two distinct pathways, which will be 

applicable to the study of a range of important bacterial glycoconjugates. 

Curriculum Vitae: Steven obtained his Bachelor of Science (Honours) at the University of Guelph in 

2013. He then started as a Master’s student in the laboratory of Dr. Joe Lam, and transferred to the PhD 
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