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Abstract OR-8: High-Resolution Structures of Microtubule-Drug Complexes 

Revealed by Cryo-EM 
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 Background: Microtubules are dynamic protein filaments that are crucial for cell division and 

constitute key elements of the cytoskeleton. They are assembled from αβ-tubulin heterodimers that form 

hollow cylindrical structures. There is a large number of naturally occurring compounds that are known to 

interact with tubulin, including alkaloids, macrolides and peptides, which are collectively called 

microtubule-targeting agents (MTAs). Based on their activities, MTAs can be classified as microtubule-

stabilizing agents (MSAs) that enhance MT assembly, and microtubule-destabilizing agents (MDAs) that 

suppress MT assembly. The chemical structure of these drugs and their binding mode to microtubules 

varies greatly amongst each other and confer the ability to act either synergistically or competitively on 

microtubules. Owing to their effects on microtubule dynamics, MTAs are of great interest and widely 

used in a variety of medical applications as antiparasitic agents, herbicides and, most importantly, as 

chemotherapeutic drugs used for the treatment of cancer. 

 In the past years, we and others solved the structures of a large number of different MTAs bound 

to tubulin to high resolution using X-ray crystallography. Very recently, however, with the advent of the 

“Resolution Revolution” in cryo-electron microscopy (cryo-EM), atomic structures of known MSAs 

bound to microtubules have also been obtained. These cryo-EM structures confirmed that the sites and 

modes of binding described in the previous X-ray crystallographic studies are similar in the context of the 

assembled microtubule but additionally explain the effects of MTAs on lattice parameters in microtubules 

and the lateral contacts between protofilaments, especially at the microtubule seam. 

 Methods: Cryo-EM and model building. 

 Results: We solved several high-resolution structures of microtubules bound to novel MSAs and 

identified differential binding modes in comparison to that revealed by X-ray crystallography. 

 Conclusion: Cryo-EM and X-ray crystallography can be used in a complementary manner to 

investigate the molecular mechanism of action of MSAs in detail.  
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