Electron Cryotomography of HIV-1 Maturation 
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HIV maturation is a dynamic process, which occurs once the virus buds and is released from the infected cell.  Maturation involves the proteolytic processing of Gag and Gag-Pol polyproteins by proteases (PR). Once processed, three discrete layers are revealed:  an outer lipid membrane, the protein shell known as the matrix (MA), and the capsid (CA), an inner protein shell housing the genome. The structures of nearly every component of HIV have been determined in isolation, some in many different conformations and with various inhibitors, but it is still unclear how individual subunits come together to form the intact virion. We are studying the maturation process of HIV-1 by electron cryotomography (cryo-ET) in order to understand the structural changes that occur within the virus.


In the mature virus, the capsid can have numerous morphologies, the most common being a somewhat asymmetrical cone. Recent cryo-ET examinations of mature HIV-1 virions in our laboratory have revealed that the conical cores within the virions were unique in structure and position, but they also demonstrated certain similarities with respect to size and shape, the distance of the cone’s base from the envelope/MA layer, the range of the cone angle. It was also observed that the conical capsid shape was preferred in vivo, which argues in favor of the template-directed model of capsid formation.


In tomograms of the immature HIV-1 virions, the concentric shells of the Gag polyprotein were clearly visible, and radial projections of the different Gag layers revealed patches of hexagonal order within the CA and SP1 shells. Averaging well-ordered unit cells led to a model wherein each CA hexamer is stabilized by a bundle of six SP1 helices. This model suggests why the SP1 spacer is essential for assembly of the Gag lattice and how cleavage between SP1 and CA acts as a structural switch controlling maturation.


We continue to examine the structural differences between immature and mature HIV-1 virions by cryo-ET. In addition, we are beginning single particle analysis investigations of several large protein complexes associated with HIV-1 budding and maturation, including ESCRT-I and TRIM5-alpha.

