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Centronuclear myopathy (CNM) is a dominant and debilitating disease. Patients with CNM exhibit
progressive muscular weakness affecting distal skeletal muscles. Several mutations in the
gene encoding for dynamin-2 (Dyn-2) causes CNM, being the most common mutation an arginine
being replaced by a tryptophan at the position 465 (R465W). The most studied function of Dyn-2 is
endocytosis, wherein this protein breaks the neck of the vesicle that is being endocytosed. To do
this, Dyn-2 oligomerizes forming a helix, which binds and hydrolyzes GTP to get the energy
needed to constrict and break the plasma membrane. It has been reported that the R465W mutant
has an augmented GTPase activity and forms abnormally stable oligomers. However, how the R465W
mutation impacts Dyn-2 structure is not completely understood.

To understand how this mutation affects Dyn-2 structure, | took advantage of full-atom molecular
dynamics simulations, which allowed me to determine, at atomic level, how this mutation impacts
Dyn-2 structure. Since the basic unit of the Dyn-2 helix is the Dyn-2 dimer and CNM is a dominant
disease, three different dimer systems were built: a wild-type (WT) dimer, a hetero (HT) dimer
composed of one WT and one mutated protein, and a mutant dimer (R465W dimer) consisting of two
mutated Dyn-2. A 150 ns simulation was run for each system. The analysis revealed that mutation
R465W: (1) changes the curvature of the stalk alpha-helices. (2) increases the number of interactions
between monomers, and (3) generates more compact dimers. Importantly, the structural changes
adopted by the mutant monomer are transmitted to WT dynamin in the HT dimer.

To determine how the R465W mutation impacts Dyn-2 helix at a molecular level, | used Coarse-
grained molecular dynamics simulations (CG). In this method, four heavy atoms are represented
as a single coarse-grained bead. Three helices were built: one composed of 24 WT proteins (WT
helix), a HT helix consisting in 12 WTs and 12 mutant Dyn-2s placed at random, and a mutant helix
(R465W helix) composed of 24 mutated proteins. A carbon nanotube was added to each Dyn-2 helix
to avoid helix collapse during the simulation. Each system ran for 2.5 us of simulation. The analysis
showed that R465W mutation changes: (1) the helices’ structures, being this alteration more significant
in the HT helix than the R465W helix, and (2) the helices’ motions. Regarding the latter, the WT helix
tended to open during the simulation, whereas HT and R465W helices tended to close and constrict
the tube. The analysis of the monomers that form part of the helices reveal that a dynamin region
called bundle signaling element, a flexible domain of the protein that transmit assembly-dependent
conformational changes between different dynamin regions, bends concerning the stalk. This latter
conformational change was not only observed in the mutant proteins but also in the WT monomers.
Taking together these analysis reveal that the R465W mutation causes structural changes not
only in the monomers containing the mutation but also on the WT monomers that form part of HT
oligomeric structures. This could explain the dominance of the mutated protein in the autosomal
dominant centronuclear myopathy caused by dynamin mutations.
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