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Examination of myosin thick filament morphology using atomic force microscopy

One of the most basic processes in the healthy operation of an organism is muscle contraction which is based on the interaction between actin and myosin. Myosin molecules under physiological conditions are often organized into thick filaments, the detailed structure of which is still unknown. Synthetic myosin thick filaments provide us a great opportunity to shed light on the assembly of these polymers in vitro. Using atomic force microscopy allows us to observe filaments through high-quality images in a close to native environment.
During this project, we performed experiments in order to derive a detailed description of thick filament structure and filament assembly. Thick filaments were synthesized from rabbit back muscle myosin using a dialysis protocol. To investigate the process through transient states in the assembly of myosin dimers into filaments, we prepared synthetic filaments using buffers ranging from 0 mM to 120 mM potassium-chloride (KCl) concentration.
While imaged on mica, thick filaments show an opened-up nature, thereby enabling us to study the internal organization of synthetic filaments. We observed a difference in width depending on ionic strength, as the average was 103[image: ] 23, 179[image: ] 34, 167[image: ] 38, 162[image: ] 43, 159[image: ] 41 nm at 0, 30, 60, 90 and 120 mM KCl, respectively. To further investigate the difference induced by ionic strength, additional experiments were performed when the buffer was changed at different steps, suggesting an irreversible yet strongly buffer-affected surface-filament interaction. Results on mica were confirmed with experiments using nitrocellulose-covered surface, which revealed the same ionic strength dependency.
On high resolution images free myosin molecules as well as fine structural details were observed, for example a core structure specific to 0 mM KCl filaments which varied in length and width according to overall filament dimensions. Furthermore, at higher ionic strength, we were able to resolve subfilaments constituting the trunk and branching out by the ends of the filament into individual myosin tails. An average filament is consisted of about 3-10 subfilaments and seems to be organized into a twisted, helical structure.
Our results on morphological differences might lead to a better understanding of the underlying physicochemical mechanism behind filament assembly, also providing a good starting point to investigate polymerization processes as well as actomyosin interactions.
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