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Fig.1 The domain structure of dynamin 1
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Fig. 2 The alignments of amino acid sequences of dynamin isoforms
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Table 1 Functions and mutations of dynamin domains
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Fig. 3 Summary of the cellular processes mediated by the dynamin superfamily proteins ( DSPs )
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Abstract The dynamin superfamily protein (DSP) encompasses a group of large GTPases that are involved in
various membrane remodeling processes within the cell. These proteins are characterized by their ability to
hydrolyze GTP, which provides the energy necessary for their function in membrane fission, fusion, and

tubulation activities. Dynamin superfamily proteins play critical roles in cellular processes such as endocytosis,
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organelle division, and vesicle trafficking. It is typically classified into classical dynamins and dynamin-related
proteins (Drp), which have distinct roles and structural features. Understanding these proteins is crucial for
comprehending their functions in cellular processes, particularly in membrane dynamics and organelle
maintenance. Classical dynamins are primarily involved in clathrin-mediated endocytosis (CME), a process
crucial for the internalization of receptors and other membrane components from the cell surface into the cell.
These proteins are best known for their role in pinching off vesicles from the plasma membrane. Structually,
classical dynamins are composed of a GTPase domain, a middle domain, a pleckstrin homology (PH) domain that
binds phosphoinositides, a GTPase effector domain (GED), and a proline-rich domain (PRD) that interacts with
SH3 domain-containing proteins. Functionally, the classical dynamins wrap around the neck of budding vesicles,
using GTP hydrolysis to constrict and eventually acting as a “membrane scissor” to cut the vesicle from the
membrane. In mammals, there are three major isoforms: dynamin 1 (predominantly expressed in neurons),
dynamin 2 (ubiquitously expressed), and dynamin 3 (expressed in testes, lungs, and neurons). Recent studies have
also revealed some non-classical functions of classical dynamins, such as regulating the initiation and stabilization
of clathrin-coated pits (CCPs) at the early stages of CME, influencing the formation of the actin cytoskeleton and
cell division. Drps share structural similarities with classical dynamins but are involved in a variety of different
cellular processes, primarily related to the maintenance and remodeling of organelles, and can be mainly
categorized into “mediating membrane fission”, “mediating membrane fusion” and “non-membrane-dependent
functions”. Proteins like Drpl are crucial for mitochondrial division, while others like Fis1, Mfnl, and Mfn2 are
involved in mitochondrial and peroxisomal fission and fusion processes, which are essential for the maintenance
of mitochondrial and peroxisomal integrity and affect energy production and apoptosis. Proteins like the Mx
protein family exhibit antiviral properties by interfering with viral replication or assembly, which is critical for the
innate immune response to viral infections. Some other proteins are involved in the formation of tubular structures
from membranes, which is crucial for the maintenance of organelle morphology, particularly in the endoplasmic
reticulum and Golgi apparatus. Studies on dynamin superfamily proteins have been extensive and have
significantly advanced our understanding of cellular biology, disease mechanisms, and therapeutic potential.
These studies encompass a broad range of disciplines, including molecular biology, biochemistry, cell biology,
genetics, and pharmacology. By comprehensively summarizing and organizing the structural features and
functions of various members of the dynamin superfamily protein, this review not only deepens the understanding
of its molecular mechanisms, but also provides valuable insights for clinical drug research related to human

diseases, potentially driving further advancements in the field.
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