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ABSTRACT 

 

We have recently shown that the Gag polyproteins from human immunodeficiency virus 

type 1 (HIV-1) and HIV-2 can coassemble and functionally complement each other.  During 

virion maturation, the Gag polyproteins undergo proteolytic cleavage to release mature proteins 

including capsid (CA), which refolds and forms the outer shell of a cone-shaped mature core.  

Less than half of the CA proteins present within HIV-1 virion are required to form the mature 

core.  Therefore, it is unclear whether the mature core in virions containing both HIV-1 and HIV-

2 Gag consists of CA proteins from a single virus or from both viruses. To determine whether 

CA proteins from two different viruses can coassemble into mature cores of infectious viruses, 

we exploited the specificity of the tripartite motif 5α protein from rhesus monkey (rhTRIM5α) 

to cores containing HIV-1 CA (hCA) but not the simian immunodeficiency virus SIVmac CA 

protein (sCA).  If hCA and sCA cannot coassemble into the same core, when equal amounts of 

sCA and hCA are coexpressed, the infectivities of such virus preparations in cells should be 

inhibited less than twofold by rhTRIM5α. However, if hCA and sCA can coassemble into the 

same core structure to form a mixed core, rhTRIM5α would be able to recognize such cores and 

significantly restrict virus infectivity.  We examined the restriction phenotypes of viruses 

containing both hCA and sCA.  Our results indicate that hCA and sCA can coassemble into the 

same mature core to produce infectious virus.  To our knowledge, this is the first demonstration 

of functional coassembly of heterologous CA protein into retroviral core.     
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INTRODUCTION 

Coinfection of two distinct retroviruses in the same host occurs in nature.  For 

example, a significant human population is currently coinfected with human 

immunodeficiency virus type 1 (HIV-1) and HIV-2, two distinct lentiviruses (2, 19, 25).  

Phylogenetic analyses of the primate lentiviruses indicate that some of the viruses are 

recombinants of two distinct parental viruses (3, 37), indicating that the two parental 

viruses must coinfect the same host and infect the same target cells.  Coinfection allows 

interactions between two viruses by several mechanisms including recombination and 

pseudotyping.  Recombination generates a progeny different from the two parents; the 

best known example is that simian immunodeficiency virus SIVcpz, the zoonotic 

precursor of HIV-1, is thought to be a recombinant of SIVrcm and SIVgsn (3).  

Pseudotyping refers to virions containing components from two different viruses.  A 

commonly observed example of pseudotyping is the use of Env proteins from different 

viruses, although pseudotyping can occur with many other virion components.  

Pseudotyped viruses often have different properties compared with virions containing 

components from one virus; for example, Env-pseudotyped viruses can have a different 

host range (27, 40).   

In all retroviruses, the major structural proteins are encoded by the gag gene, 

which is translated into the Gag polyprotein.  During virus assembly, Gag coordinates the 

incorporation of other viral proteins and viral RNA, and interacts with the host cell 

machinery to facilitate the release of viral particles (15, 20, 43).  In orthoretroviruses, 

most of the newly released particles are “immature”; virus-encoded protease cleaves the 

Gag polyprotein during or soon after assembly to allow the transformation from 

ACCEPTED

 by on O
ctober 11, 2008 

jvi.asm
.org

D
ow

nloaded from
 

http://jvi.asm.org


 4 

immature to mature particles (1).  This process, termed maturation, is required for the 

production of infectious virions.  Although Gag polyproteins from different retroviruses 

might have only limited sequence homology, they share three similarly organized, 

conserved domains: matrix (MA), capsid (CA), and nucleocapsid (NC).  Additionally, 

Gag from different retroviruses can have other domains.  For example, the proteolytic 

cleavage of HIV-1 Gag also yields spacer peptide 1 (SP1 or p2), SP2 (p1), and p6 

proteins.  In the immature particles, Gag forms an approximately spherical shell 

underlying the membrane (51).  After cleavage from the polyprotein, HIV-1 CA protein 

undergoes structural refolding and reassembles into a cone-shaped core that encloses the 

genomic RNA, NC, reverse transcriptase, integrase, and other viral and host components 

(1, 6, 8).  It has been estimated that although each immature HIV-1 particle contains 

around 5000 Gag proteins, the mature shell of HIV-1 contains 1000 to1500 CA proteins 

assembled into a mostly hexameric lattice (7).  Therefore, only a fraction of CA proteins 

generated from Gag cleavage are used to form one mature virion core.   

We previously demonstrated that Gag proteins from HIV-1 and HIV-2 can 

coassemble and complement each other’s functions (5).  Because only a fraction of the 

mature CA proteins are used to generate a core, it is possible that only the CA proteins 

from one of the viruses are used to form a core.  Coassembly of heterologous CA proteins 

into a core has not previously been demonstrated; therefore, it is unclear whether such a 

core can be formed and whether it is capable of conducting all steps leading to a 

successful infection.  The mature CA proteins in the virion core play important roles in 

the viral replication cycle (14, 44, 45, 50, 52).  After entering the cells, virus uncoating 

occurs; CA proteins play an important role in regulating the uncoating process.  
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Mutations in CA can lead to acceleration or delay of the uncoating events (14); both 

alterations can abolish the infectivity of HIV-1.  Additionally, CA can influence the 

ability of HIV-1 to infect nondividing cells, possibly by affecting nuclear import (12, 53).  

Taken together, the identity of the CA proteins can affect the biological properties of the 

virus, and it is possible that a coassembled core can have properties different from those 

of the two parental viruses.   

We sought to determine whether CA proteins from two different primate lentiviruses can 

coassemble into a mature core to carry out all the steps necessary for infection.  We envisioned 

three possibilities in virions with heterologous Gag proteins: first, mature heterologous CA 

proteins do not coassemble, and the cores consist of CA proteins from one virus (pure CA cores); 

second, heterologous CA proteins coassemble into a core (mixed CA core), but viruses 

containing mixed cores are not infectious; and third, heterologous CA proteins coassemble into a 

mixed core, and viruses containing mixed cores are infectious.  To answer our experimental 

question, we exploited the inhibitory specificity of the tripartite motif 5α protein from rhesus 

monkey (rhTRIM5α) to cores containing HIV-1 CA (hCA) but not SIVmac CA (sCA).   

TRIM5α is a member of the tripartite motif-containing family of proteins (35). The 

tripartite motif comprises a RING domain that includes two zinc finger motifs, one or two B-box 

domains, and a coiled-coil domain that mediates protein-protein interactions between TRIM 

family members (32, 41, 47). The rhTRIM5α protein restricts the replication of HIV-1 and HIV-

2, but not SIVmac, a virus closely related to HIV-2 (22, 41, 54, 55).  Although the mechanism by 

which rhTRIM5α restricts HIV-1 replication is not fully elucidated, recent studies suggest that 

rhTRIM5α targets the incoming mature HIV-1 core to promote premature uncoating and 

possibly degradation of CA proteins (9, 42).  However, the inhibition of HIV-1 infection 
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