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Abstract 
 

The discovery of antibiotics in 1928 seemed like a win in the battle against infectious diseases. But, the ability 

of bacterial pathogens to adapt to these life-saving medicines was underestimated. The bacterial evolution, 

indeed, led to the emergence of antibiotic resistance as soon as the clinical consumption of antibiotics started. 

Today, certain bacteria including some strains of the gram-negative Escherichia coli are resistant to all major 

antibiotics. To overcome this problem, identifying new therapeutic targets in bacteria is essential, which 

necessitates scrutinizing the bacterial infection mechanism. An initial step in the bacterial infection 

mechanism is identification of and adherence to host tissue. Thus, blocking bacterial adhesion is considered as 

a potential target in the battle against infectious diseases. Gram-negative bacteria generally establish their 

adhesion by variety of proteinaceous structures known as fimbriae. The strains of Escherichia coli associated 

with gastrointestinal and urinary tract infections, for instance, colonize their host via a variety of adhesion 

fimbriae. These adhesion organelles are comprised of subunits assembled into a helix-like structure with 

remarkable biomechanical properties. For example, fimbriae can be significantly extended under force and are 

therefore very flexible. Fimbrial flexibility is considered to be beneficial for attachment and adhesion of 

bacteria in fluidic regions.  

The aims of this thesis are to: provide insight into the structural and biomechanical differences of fimbriae 

expressed by enterotoxigenic and uropathogenic Escherichia coli, and to investigate how fimbrial mechanics 

are affected in the presence of anti-fimbrial antibodies. To achieve these aims we put together data acquired 

using different technical approaches. We used force measuring optical tweezers to characterize the force-

extension responses of fimbriae in the absence and presence of antibodies. High-resolution imaging was 

employed to explore the structural features of fimbriae as well as monitoring the antibody-fimbriae 

interactions. Our results demonstrate that each type of fimbria explored shows unique force spectroscopy 

responses. For example, the fimbriae expressed by uropathogenic Escherichia coli require a higher unwinding 

force in comparison to enterotoxigenic Escherichia coli fimbriae. These observations suggest that bacteria 

adapt to the environment wherein they establish colonization by expressing fimbriae with different 

biophysical features. Such evolutionary adaptation can thereby help in the bacterial adhesion process. 

Furthermore, we found that antibodies significantly alter the biophysical features of fimbriae, implying that 

antibodies significantly interfere with the mechanics of fimbriae. We suggest further elucidation of how 

antibodies disrupt fimbrial mechanics, providing insights for the development of antibody-based therapeutics. 
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