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Mitochondrial dynamics are essential for cellular health, and an imbalance in this cycle has been
implicated in many diseases, from heart failure [1] to prion-related neurodegeneration [2]. Several proteins
are critical for mitochondrial dynamics, and paradoxically, both hyper- and hypofission can lead to human
pathologies [3,4]. Dynamin-related protein 1 (Drpl) is the master regulator of mitochondrial fission [5,6];
however, the underlying mechanisms governing this regulation are largely unclear.

Drp1l is comprised of three conserved domains common to the dynamin superfamily: the GTPase domain
or G-domain, the GTPase effector domain (GED), and the middle domain. The GED and middle domain
together form the self-assembly region referred to as the stalk [7]. In solution, Drpl forms distinct
multimers in a concentration dependent manner. There is evidence that larger oligomers must cycle down
to a dimer state to assemble into helical structures around the mitochondria outer membrane and mediate
constriction [8]. We have observed that Drp1’s hinge 1, a disordered region connecting the GTPase
domain and the stalk, confers a high degree of flexibility in dimer populations. In larger oligomers, this
flexibility is reduced, leading to more homogenous conformations. We hypothesize that these stabilized
oligomers are a storage form of the cytosolic protein, while the flexibility observed in the dimer facilitates
the conformational rearrangement needed for helical assembly (Fig. 1).

Point mutations in Drpl have been shown to enrich higher-order oligomers, and these changes are
associated with defective mitochondrial fission [9,10]. Conversely, separate point mutations cannot self-
assemble, and Drpl forms an obligate dimer [11]. We have used these mutants and wild-type protein to
identify structural differences in solution multimers of Drpl. By resolving high resolution cryoEM
structures of the Drpl dimer, tetramer, and hexamer, as well as helical polymers on lipid templates, we
will elucidate conformational changes that facilitate functional assembly. In addition to electron
microscopy, we are using size exclusion chromatography with multiple angle light scattering (SEC-
MALS) and molecular dynamic simulations (MDS) to identify critical residues and interfaces that regulate
oligomerization and conformation flexibility to control assembly of the mitochondrial fission machinery.
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Figure 1. In the cytosol, Drpl multimers serve as a storage form. These multimers cycle down to the
functional unit, an assembly-competent dimer. Dimers then form helical polymers on the mitochondria
outer membrane to mediate constriction.
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