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Mature HIV-1 particles contain a conical-shaped capsid that encloses the viral RNA 
genome and performs essential functions in the virus life cycle. HIV-1 capsid protein 
(CA) folds into two distinct domains connected by a flexible linker [1,2]. In mature 
virions, the assembled capsid structure is best described by a fullerene cone model that is 
made up from a hexameric lattice containing a variable number of CA pentamers [3]. 
Furthermore, CA protein assemblies exhibit structural polymorphism, with mature 
virions exhibiting predominantly conical morphology, while the immature viral particles 
are spherical assemblies. Therefore, readjustment at the different contact surfaces of CA 
is necessary in HIV-1 capsid formation. We present a cryoEM study of a tubular 
assembly of CA. In the tubular assembly, CA intermolecular interfaces vary slightly, 
accommodating the asymmetry present in tubes. This provides the necessary plasticity to 
allow for controlled virus capsid assembly. More importantly, in the cryoEM map, we 
identified a novel CTD-CTD interface at the local three-fold axis and confirmed the 
functional importance of this trimer interface by mutagenesis and chemical crosslinking
(Fig 1) [4].

TRIM proteins play important roles in the innate immune defense against retroviral 
infection, including human immunodeficiency virus type-1 (HIV-1). Rhesus macaque 
TRIM5  (TRIM5 rh) targets the HIV-1 capsid and blocks infection at an early post-entry 
stage, prior to reverse transcription [5]. TRIM5  is a tripartite motif protein, with RING, 
B-box, coiled-coil (CC) and C-terminal B30.2/SPRY domain [6]. Studies have shown 
that binding of TRIM5  to the assembled capsid is essential for restriction and requires 
the coiled-coil and B30.2/SPRY domains [7], but the molecular mechanism of restriction 
is not fully understood. Using cryoEM, combined with mutagenesis and chemical cross-
linking, we investigated the direct interactions between HIV-1 CA assemblies and 
purified TRIM5 rh containing coiled-coil and SPRY domains (CC-SPRYrh). CC-SPRYrh
binds to CA assemblies in a concentration-dependent manner, while under equivalent 
conditions the human protein did not bind. More importantly, CC-SPRYrh, but not its 
human counterpart, disrupted CA tubes, releasing linear fragments of protofilaments 
consisting of CA hexamers (Fig. 1A&B). Furthermore, such structural disruption was 
prevented by inter-hexamer crosslinking at the CA trimer interface using P207C/T216C 
mutant CA, but not by intra-hexamer crosslinking via A14C/E45C at the NTD-NTD 
interface. The same disruption effect by TRIM5 rh on the inter-hexamer interfaces also 
occurred with purified intact HIV-1 cores. These results provide insights concerning how 
TRIM5  disrupts the virion core (Fig. 1C) and demonstrate that structural damage of the 
viral capsid by TRIM5  is likely one of the important components of the mechanism of 
TRIM5 -mediated HIV-1 restriction.  
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FIG 1. Inter-hexamer interactions at the local three-fold axis (A) Surface rendering 
of the density map of CA assembly displaying three neighboring hexamers. (B) 
Detailed view of the three-fold axis illustrating the interactions at the interface.  

FIG 2 CryoEM analysis of the TRIM5  CC-SPRY interaction with wild-type CA 
assemblies. Low-dose projection images of CA assemblies incubated with human 
(A), or rhesus (B) TRIM5  CC-SPRY. (C) Model of TRIM5 rh CC-SPRY in HIV-1 
CA restriction. Binding of rhesus TRIM5  CC-SPRY to assembled HIV-1 CA 
weakens the CTD trimer interface, thereby causing disruption of the lattice and 
releasing fragmented protofilaments (right panel).
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