







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 08 January 2014



                    Structural basis for hijacking CBF-β and CUL5 E3 ligase complex by HIV-1 Vif

                    	Yingying Guo1 na1, 
	Liyong Dong1 na1, 
	Xiaolin Qiu1 na1, 
	Yishu Wang1, 
	Bailing Zhang1, 
	Hongnan Liu1, 
	You Yu2, 
	Yi Zang1, 
	Maojun Yang2 & 
	…
	Zhiwei Huang1 

Show authors

                    

                    
                        
    Nature

                        volume 505, pages 229–233 (2014)Cite this article
                    

                    
        
            	
                        22k Accesses

                    
	
                        163 Citations

                    
	
                            15 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Virus–host interactions
	X-ray crystallography


    


                
    
    

    
    

                
            


        
            Abstract
The human immunodeficiency virus (HIV)-1 protein Vif has a central role in the neutralization of host innate defences by hijacking cellular proteasomal degradation pathways to subvert the antiviral activity of host restriction factors1,2,3,4,5,6; however, the underlying mechanism by which Vif achieves this remains unclear. Here we report a crystal structure of the Vif–CBF-β–CUL5–ELOB–ELOC complex. The structure reveals that Vif, by means of two domains, organizes formation of the pentameric complex by interacting with CBF-β, CUL5 and ELOC. The larger domain (α/β domain) of Vif binds to the same side of CBF-β as RUNX1, indicating that Vif and RUNX1 are exclusive for CBF-β binding. Interactions of the smaller domain (α-domain) of Vif with ELOC and CUL5 are cooperative and mimic those of SOCS2 with the latter two proteins. A unique zinc-finger motif of Vif, which is located between the two Vif domains, makes no contacts with the other proteins but stabilizes the conformation of the α-domain, which may be important for Vif–CUL5 interaction. Together, our data reveal the structural basis for Vif hijacking of the CBF-β and CUL5 E3 ligase complex, laying a foundation for rational design of novel anti-HIV drugs.
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                    Figure 1: U-shaped structure of the Vif-organized Vif–CBF-β–CUL5–ELOB–ELOC complex.[image: ]


Figure 2: Vif contains two domains with zinc binding between them.[image: ]


Figure 3: Vif and RUNX1 overlap when interacting with CBF-β.[image: ]


Figure 4: Interaction of Vif with nCUL5 and ELOC.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Purification of reconstituted Vif–CBF-β–nCUL5–ELOB–ELOC complex protein.
a, Formation of the Vif–CBF-β–nCUL5–ELOB–ELOC pentameric complex in gel filtration. SDS–PAGE and Coomassie blue staining of Vif–CBF-β–nCUL5–ELOB–ELOC complex of the peak fractions from gel filtration. MM, molecular mass marker. b, Limited proteolysis analysis of Vif pentameric complex. The purified complex protein of Vif–CBF-β–nCUL5–ELOB–ELOC was treated with elastase (at a molar ratio of 1:1,000) at 4 °C for 72 h. The elastase-treated hetropentameric protein was visualized by Coomassie blue staining following SDS–PAGE.


Extended Data Figure 2 The density map of a representative region of Vif.
a, The simulated annealing composite omit map of a representative region of Vif. An Fo − Fc omit map is contoured at 3σ in green, and a 2Fo − Fc omit map in blue contoured at 1.3σ. b, The electron density of Zn2+ in Vif. The Zn2+-binding site in Vif is shown. 2Fo − Fc electron density map (blue mesh, contoured at 1.3σ) at the Zn2+-binding site. Four residues involved in Zn2+ interaction are labelled.


Extended Data Figure 3 Structural comparison of Vif–ELOB–ELOC with Vif peptide-bound ELOB–ELOC.
Structural comparison of Vif–ELOB–ELOC with Vif (residues 139–176, green)–ELOB (purple)–ELOC (cyan) (Protein Data Bank accession 3DCG)12. The side chains of 161-PPLPS-165 of Vif are labelled and shown in grey.


Extended Data Figure 4 Structural comparison of Vif–CUL5–ELOC and CUL1–SKP1–SKP2.
a, Interface of CUL5–ELOC. The side chains from CUL5 are labelled and shown in orange, and those from ELOC are coloured in hot pink. Red dashed lines represent hydrogen bonds. b, Interface of CUL1–SKP1. The side chains of CUL1 and SKP1 are labelled and shown in orange and slate, respectively. Residues involved in interactions are numbered and hydrogen bonds are shown as red dashed lines. c, Mutagenesis analyses of the nCUL5–ELOC interface. Wild-type or mutant GST-fused nCUL5 proteins were first bound to glutathione-sepharose beads and incubated with wild-type or various ELOC mutant Vif–CBF-β–ELOB–ELOC complex proteins as indicated. After extensive washing, the bound proteins were visualized by Coomassie blue staining following SDS–PAGE. d, Structural comparison of Vif–ELOC–CUL5 and SKP2 (grey)–SKP1 (blue)–CUL1 (green) (Protein Data Bank 1LDK)17; the interfaces of the two complexes are highlighted in red frames, and secondary structural elements are labelled.


Extended Data Figure 5 CBF-β–nCUL5–ELOB–ELOC bind to the hydrophobic surfaces of Vif, leaving the positively charged patches solvent-exposed.
a, Sequence alignment of HIV/SIV Vif proteins. Conserved and similar residues are highlighted with red and yellow shading, respectively. Residues involved in E3 ligase complex and APOBEC3 proteins interaction are indicated with slate solid dots at the bottom. Conserved motifs of zinc-finger region and BC-box motif are indicated in the sequence alignment. b, Two views of the electrostatic surfaces of CBF-β–nCUL5–ELOC bound Vif are presented. CBF-β–nCUL5–ELOC complex binds to the hydrophobic surfaces of Vif (right). Positively charged patches on Vif (left) are solvent-exposed. White, blue and red indicate neutral, positive and negative surfaces, respectively. c, The largely solvent-exposed surface of Vif is shown in ribbon representation and electrostatic surface. The side chains of relevant residues from Vif involved in the interaction with APOBEC3G alone, APOBEC3F alone and both of them are shown in stick representation and are coloured in green, cyan and yellow, respectively.


Extended Data Figure 6 The interaction between the C terminus of CBF-β and Vif.
a, The interface of Vif and helix H5 of CBF-β. Side chains from Vif involved in the interaction are labelled and shown in slate, and those from CBF-β are labelled and shown in yellow. b, C-terminus-truncated CBF-β is inefficient to assemble the Vif–CBF-β–nCUL5–ELOB–ELOC complex. Complexes of 6×His–Vif–CBF-β (1–170)–ELOB–ELOC and 6×His–Vif–CBF-β (1–140)–ELOB–ELOC were purified using Ni-NTA and then incubated with purified nCUL5 (input) before subjecting to size-exclusion chromatography (Superdex 200, Pharmacia). Shown on the top is superposition of the gel filtration chromatograms of two complexes containing CBF-β (1–170) (red) and CBF-β (1–140) (blue). The horizontal axis represents elution volume (volume unit, ml). Middle and bottom: Coomassie blue staining of the peak fractions of two complexes shown on the top after SDS–PAGE.


Extended Data Figure 7 Mutagenesis analysis of residues involved in Vif–ELOC interaction.
Vif–ELOC interaction pull-down assay. Wild-type GST–ELOC–ELOB immobilized on GS4B resin was incubated with wild-type or point mutant Vif–CBF-β proteins, washed and resolved by SDS–PAGE (left panel); wild-type 6×His–Vif–CBF-β protein immobilized on Ni+ resin was incubated with wild-type or point mutant GST–ELOC–ELOB proteins, washed and resolved by SDS–PAGE (right panel).


Extended Data Figure 8 Vif Phe 115 is located in a highly hydrophobic environment of Vif.
The detailed interactions around the residue of Phe 115 of Vif. Vif Phe 115 is surrounded with a hydrophobic environment. The side chains of relevant residues are shown in stick representation and labelled.


Extended Data Figure 9 Vif demonstrates higher binding affinity for nCUL5 than nCUL2 for Vif–CBF-β–nCUL5–ELOB–ELOC complex assembly.
6×His–Vif–CBF-β–ELOB–ELOC was first bound to Ni-NTA beads and then incubated with purified nCUL2 and nCUL5 as indicated. After extensive washing, the bound proteins were visualized by Coomassie blue staining after SDS–PAGE.


Extended Data Table 1 Statistics of data collection and refinementFull size table
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        Editorial Summary
Mechanism of action of HIV-1 Vif protein
During infection with human immunodeficiency virus 1 (HIV-1), the viral protein Vif subverts the activity of antiviral host factors by hijacking the core-binding factor subunit beta (CBF-β) and the E3 ligase complex CUL5–ELOB–ELOC simultaneously. How it does this has been unclear. Zhiwei Huang and colleagues have now determined the crystal structure of the Vif–CBF-β–CUL5–ELOB–ELOC complex. They find that Vif mimics the action of SOCS2 to interact with CUL5 and ELOC. Vif protein is absolutely required for HIV-1 replication, making it an important target for antiviral drug development, and the mechanistic details reported here should contribute to the design of novel drugs that can target both Vif and the pentameric complex.
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