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Filoviruses, such as Ebola and Marburg viruses, cause severe hemorrhagic fevers with high mortality rates 

in humans. Filoviruses form filamentous particles that bud from host cells; this process is driven by the 

assembly of the viral matrix protein VP40, which binds and curves host cell membranes to form 

filamentous membrane envelopes. When expressed alone, VP40 spontaneously buds filamentous virus-

like particles, indicating that membrane localization, matrix assembly, and membrane curvature are all 

intrinsic properties of VP40 independent of other viral assemblies like the nucleocapsid. 

While a number of crystal structures of VP40 have been determined, there are no structures of the 

assembled VP40 matrix with viruses or virus-like particles available. Here we present structures of Ebola 

and Marburg VP40 matrix layers within virus-like particles and within Marburg viruses determined by 

cryo-electron tomography and subtomogram averaging. We find that VP40 dimers assemble into extended 

chains, which then stack to form patches of locally ordered 2D lattices below the membrane surface. These 

form a patchwork assembly across the membrane surface that mediate the budding of filamentous 

membrane envelopes. 
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