
Abstract  
Roles of microtubule inner proteins in organization of microtubule doublets 
 
Cilia and flagella are microtubule-based organelles that extend from the cell membrane, 

playing essential roles in cell movement or cellular signaling across various biological systems. 

Cilia are structured by axonemal doublet microtubules, consisting of complete A-microtubule 

and incomplete B-microtubule. This unique structural arrangement is associated with a 

complex network of axonemal microtubule-binding proteins, which can be classified into two 

main groups: microtubule associated proteins (MAPs) and microtubule inner proteins (MIPs). 

 Microtubule associated MAPH-9 is primarily expressed in ciliated sensory neurons of 

C. elegans and localizes to the axoneme, exclusively to microtubule doublets when 

overexpressed. However, its precise function in cilia remains unclear. In our study we 

employed, total-internal reflection (TIRF) microscopy and in vitro reconstitution to 

demonstrate that binding of MAPH-9 to microtubules is influenced by tubulin post-

translational modifications. Additionally, we demonstrate that MAPH-9 is able to modulate the 

dynamics of A- and B-microtubules.  

In the second part of the thesis, we focused on two microtubule inner proteins, PACRG 

and FAP20 which are important components of the Inner Junction between the A- and the B-

microtubule and are critical for flagellar stability and function. Despite their known 

importance, their exact role in microtubule doublet assembly and stabilization remains unclear. 

In this study we employed, microscopy techniques, such as TIRF-microscopy and cryo- 

electron tomography (cryo-ET) and, in combination with in vitro reconstitutions, we 

demonstrated the ability of these two proteins co-localize on microtubule doublets, where they 

form distinct, high-density regions and reduce the dynamics of the B-microtubule. 

Furthermore, cryo-electron tomography of in vitro reconstructed microtubule doublets in the 

presence of PACRG and FAP20 revealed that these proteins limit B-microtubule curvature 

fluctuations, promoting a more rigid and aligned conformation. Collectively, our findings 

suggest that PACRG and FAP20 work together to enhance microtubule doublet stability, which 

is essential for maintaining ciliary integrity and function. 

 


