







    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: 20 January 2016



                    Structure of the E6/E6AP/p53 complex required for HPV-mediated degradation of p53

                    	Denise Martinez-Zapien1, 
	Francesc Xavier Ruiz2, 
	Juline Poirson1, 
	André Mitschler2, 
	Juan Ramirez1, 
	Anne Forster1, 
	Alexandra Cousido-Siah2, 
	Murielle Masson1, 
	Scott Vande Pol3, 
	Alberto Podjarny2, 
	Gilles Travé1 & 
	…
	Katia Zanier1 

Show authors

                    

                    
                        
    Nature

                        volume 529, pages 541–545 (2016)Cite this article
                    

                    
        
            	
                        19k Accesses

                    
	
                        273 Citations

                    
	
                            28 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Tumour suppressors
	Tumour virus infections
	X-ray crystallography


    


                
    
    

    
    

                
            


        
            Abstract
The p53 pro-apoptotic tumour suppressor is mutated or functionally altered in most cancers. In epithelial tumours induced by ‘high-risk’ mucosal human papilloma viruses, including human cervical carcinoma and a growing number of head-and-neck cancers1, p53 is degraded by the viral oncoprotein E6 (ref. 2). In this process, E6 binds to a short leucine (L)-rich LxxLL consensus sequence within the cellular ubiquitin ligase E6AP3. Subsequently, the E6/E6AP heterodimer recruits and degrades p53 (ref. 4). Neither E6 nor E6AP are separately able to recruit p53 (refs 3, 5), and the precise mode of assembly of E6, E6AP and p53 is unknown. Here we solve the crystal structure of a ternary complex comprising full-length human papilloma virus type 16 (HPV-16) E6, the LxxLL motif of E6AP and the core domain of p53. The LxxLL motif of E6AP renders the conformation of E6 competent for interaction with p53 by structuring a p53-binding cleft on E6. Mutagenesis of critical positions at the E6–p53 interface disrupts p53 degradation. The E6-binding site of p53 is distal from previously described DNA- and protein-binding surfaces of the core domain. This suggests that, in principle, E6 may avoid competition with cellular factors by targeting both free and bound p53 molecules. The E6/E6AP/p53 complex represents a prototype of viral hijacking of both the ubiquitin-mediated protein degradation pathway and the p53 tumour suppressor pathway. The present structure provides a framework for the design of inhibitory therapeutic strategies against oncogenesis mediated by human papilloma virus.
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                    Figure 1: Structure of the HPV-16 E6/e6ap/p53core ternary complex.[image: ]


Figure 2: Intermolecular contacts at the E6–p53 interface.[image: ]


Figure 3: Ternary complex assembly and p53 degradation activities of E6 and p53 mutants.[image: ]


Figure 4: p53core targeting by HPV E6.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Constructs of the minimal HPV-16 E6/E6AP/p53 ternary complex.
Green: E6AP residues 403–414 (e6ap 1–12) fused to the C terminus of MBP (pink) via a AAA linker (red); gold: the HPV-16 E6 4C/4S construct12 (named E6 from hereon) comprising four cysteine to serine substitutions (cyan marks) that suppress aggregation mediated by disulfide cross-bridging; blue: p53 core domain (p53core).


Extended Data Figure 2 Assembly of the E6/MBP-e6ap heterodimer.
a, Dynamic light scattering (DLS) analysis of E6/MBP-e6ap samples. Histograms report the average hydrodynamic radii of the particles, whereas error bars indicate size polydispersity. Numbers above the histograms indicate molecular mass estimates assuming a spherical model. This analysis shows that binding to MBP-e6ap enhances the solubility of E6, which, in the unbound state, displays a solubility threshold of 50 μM. However, in the case of E6/MBP-e6ap samples (grey histograms), particle size increases with raising concentration. By contrast, introduction of the F47R mutation in E6 (green histograms) stabilizes particle size to values close to what is expected for a simple heterodimer (∼60 kDa). Therefore we conclude that, despite the increase in solubility, E6/MBP-e6ap still undergoes weak self-association via the E6N region hosting Phe47 (see ref. 12 for further discussion). b, Gel filtration analysis of E6/MBP-e6ap samples. The elution volumes for molecular size markers are reported on top of the figure. The expected elution volumes of a simple E6/MBP-e6ap heterodimer (1×, 60 kDa) and of a dimer of heterodimers (2×, 120 kDa) are indicated. Note the relative small shift in the elution volumes of the different samples compared with the differences in the hydrodynamic radii (a). This suggests that oligomers of the E6/MBP-e6ap heterodimer are rather weak and dissociate on the gel filtration column. See also Supplementary Methods.


Extended Data Figure 3 Interaction of p53core with preformed E6/MBP-e6ap heterodimer.
a, Isothermal titration calorimetry experiments were performed by titrating increasing amounts of p53core into E6/MBP-e6ap heterodimer samples adjusted to a concentration of 45 μM, which limits heterodimer oligomerization. Note that the F47R mutation in E6 abolishes binding to p53core. See also Extended Data Table 1. b, Top: comparison of gel filtration elution profiles of E6/MBP-e6ap/p53core (red dashed line) versus E6/MBP-e6ap samples (black line). Both samples were adjusted to a concentration of 250 μM before loading onto the gel filtration column. The expected elution volumes for p53core (24 kDa), monomeric E6/MBP-e6ap heterodimer (60 kDa) and E6/MBP-e6ap/p53core ternary complex (80 kDa) are indicated. Bottom: SDS–PAGE analysis of fractions comprising the elution peak of the ternary complex. Note the significant shift in the elution volumes of the main peak in the two chromatograms, indicating formation of a ternary complex. See also Supplementary Methods.


Extended Data Figure 4 Comparison of the structures of the two E6/MBP-e6ap/p53core heterotrimers (heterotrimers A and B) observed in the asymmetric unit.
Green: e6ap fused to the C terminus of MBP (pink) via the AAA linker (red); gold: HPV-16 E6; blue: p53core; spheres: zinc atoms. a, Different orientation of MBP in the two heterotrimers, which results from the different conformations of the two AAA linkers. b, Superposition of the E6/e6ap/p53 regions of heterotrimers A (green/gold/blue) and B (grey). The backbone r.m.s.d. for the E6/e6ap/p53 regions of the two heterotrimers was calculated by aligning backbone atoms of residues (1) 12–136 of HPV-16 E6, (2) 371–379 of e6ap and (3) 109–191 of p53core and found to correspond to 0.9 Å. Regions displaying significant differences are boxed. These regions are the ill-defined C-terminal region of the e6ap peptide (see also Extended Data Fig. 6) and the a4 helix of E6, which is not involved in the E6–p53 interface.


Extended Data Figure 5 The structures of the E6/e6ap and p53core subunits of the ternary complex are superimposable with previously solved structures of the E6/e6ap heterodimer and p53core.
Left: superposition of the previously solved E6/e6ap heterodimer (grey)8 onto the E6/e6ap subunit of the ternary complex (heterotrimer A, gold/green) determined here. Dashed lines highlight regions of conformational change, namely the N terminus of HPV-16 E6 and the C terminus of the e6ap peptide. Right: superposition of previously solved p53core in the unbound state (heterotrimer A, grey)37 onto the p53core subunit of the ternary complex bound (blue).


Extended Data Figure 6 Contributions of the e6ap C-terminal region to ternary complex interface.
a, Sequence of wild-type e6ap peptides used in the study. Green: wild-type e6ap(1–12) corresponding to the peptide used for crystallization of the ternary complex. Grey: wild-type e6ap(1–16) containing a four-amino-acid C-terminal extension. b, Electron density (2Fo − Fc) map (heterotrimer A) contoured at 1 s level for e6ap (green, left) and for selected E6 (orange) and p53 (blue) interface residues in the proximity of the C terminus of e6ap (right). Note the lack of electron density data for e6ap residues Glu10, Glu11 and Arg12. Two conformations for the side chains Glu10 and Arg12 of e6ap and Arg131 of E6 are proposed in the model. c, Isothermal titration calorimetry curves showing the interactions of p53core with pre-formed E6/e6ap complexes bearing either point mutations within e6ap C terminus (E10A, E11A and R12A) or the wild-type e6ap(1–16) peptide construct. Note that neither the e6ap point mutations nor the e6ap C-terminal boundary affect the interaction between the E6/e6ap heterodimer and p53core. See also Extended Data Table 1.


Extended Data Figure 7 Interactions mediated by hrm-HPV-conserved residues shaping the conformation of the N-terminal arm of HPV-16 E6.
Whereas Phe2 contributes to tethering of the N-terminal region to the core of the E6N domain, residues Pro5, Arg8 and Tyr54 are involved in a triple stacking interaction.


Extended Data Figure 8 Expression levels of HPV-16 E6, E6AP and p53 proteins in triple pull-down assays.
HEK293T were transfected with 1 μg of pSPICA-N1 plasmid (expressing E6AP fused to the C terminus of the G. princeps luciferase Gluc1 fragment), 1 μg pSPICA-N2 plasmid (expressing the E6 fused to the C terminus of the G. princeps luciferase Gluc2 fragment) and 1 μg of BioEase plasmid (expressing N-terminally biotinylated p53). Cell lysates were resolved by SDS–PAGE electrophoresis and E6, E6AP and p53 fusion proteins detected by western blotting. For gel source data, see Supplementary Fig. 1.


Extended Data Table 1 Thermodynamic parameters of p53core binding to preformed E6/e6ap complexFull size table


Extended Data Table 2 Data collection and refinement statisticsFull size table
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        Editorial Summary
Viral hijack of p53 tumour suppressor
Oncogenic human papillomaviruses induce cancer by targeting the tumour suppressor p53 for ubiquitin-mediated degradation. Katia Zanier and colleagues now reveal structural details of how this viral hijacking occurs. They solve the structure of a ternary complex revealing the interaction between the HPV16 oncoprotein E6, the LxxLL motif of the cellular ubiquitin ligase E6AP, and the core domain of p53.
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