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            Abstract
The cellular response to hypoxia is critical for cell survival and is fine-tuned to allow cells to recover from hypoxic stress and adapt to heterogeneous or fluctuating oxygen levels1,2. The hypoxic response is mediated by the Î±-subunit of the transcription factor HIF-1 (HIF-1Î±)3, which interacts through its intrinsically disordered C-terminal transactivation domain with the TAZ1 (also known as CH1) domain of the general transcriptional coactivators CBP and p300 to control the transcription of critical adaptive genes4,5,6. One such gene encodes CITED2, a negative feedback regulator that attenuates HIF-1 transcriptional activity by competing for TAZ1 binding through its own disordered transactivation domain7,8,9. Little is known about the molecular mechanism by which CITED2 displaces the tightly bound HIF-1Î± from their common cellular target. The HIF-1Î± and CITED2 transactivation domains bind to TAZ1 through helical motifs that flank a conserved LP(Q/E)L sequence that is essential for negative feedback regulation5,6,8,9. Here we show that human CITED2 displaces HIF-1Î± by forming a transient ternary complex with TAZ1 and HIF-1Î± and competing for a shared binding site through its LPEL motif, thus promoting a conformational change in TAZ1 that increases the rate of HIF-1Î± dissociation. Through allosteric enhancement of HIF-1Î± release, CITED2 activates a highly responsive negative feedback circuit that rapidly and efficiently attenuates the hypoxic response, even at modest CITED2 concentrations. This hypersensitive regulatory switch is entirely dependent on the unique flexibility and binding properties of these intrinsically disordered proteins and probably exemplifies a common strategy used by the cell to respond rapidly to environmental signals.
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                    Figure 1: HIF-1Î± and CITED2 bind to a partially overlapping surface of TAZ1.[image: ]


Figure 2: CITED2 is an unexpectedly efficient competitor for TAZ1.[image: ]


Figure 3: HIF-1Î± and CITED2 bind TAZ1 through both static and dynamic interactions.[image: ]


Figure 4: The conserved LP(Q/E)L motif mediates competition between HIF-1Î± and CITED2.[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        HIF-1 Interacts with TRIM28 and DNA-PK to release paused RNA polymerase II and activate target gene transcription in response to hypoxia
                                        
                                    

                                    
                                        Article
                                         Open access
                                         14 January 2022
                                    

                                

                                Yongkang Yang, Haiquan Lu, â€¦ Gregg L. Semenza

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Characterization of the dynamics and the conformational entropy in the binding between TAZ1 and CTAD-HIF-1Î±
                                        
                                    

                                    
                                        Article
                                         Open access
                                         12 November 2019
                                    

                                

                                Ida Nyqvist & Jakob Dogan

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The HIF complex recruits the histone methyltransferase SET1B to activate specific hypoxia-inducible genes
                                        
                                    

                                    
                                        Article
                                        
                                         21 June 2021
                                    

                                

                                Brian M. Ortmann, Natalie Burrows, â€¦ James A. Nathan

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                Accession codes

              
              
                Primary accessions

                
                  Biological Magnetic Resonance Data Bank
	
                      
                        5327
                      

                    
	
                      
                        5987
                      

                    
	
                      
                        6268
                      

                    


                
                
                  Protein Data Bank
	
                      
                        1L8C
                      

                    
	
                      
                        1R8U
                      

                    


                
              
            

References
	Semenza, G. L. Oxygen sensing, hypoxia-inducible factors, and disease pathophysiology. Annu. Rev. Pathol. 9, 47â€“71 (2014)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Henze, A.-T. & Acker, T. Feedback regulators of hypoxia-inducible factors and their role in cancer biology. Cell Cycle 9, 2821â€“2835 (2010)
ArticleÂ 
    
                    Google ScholarÂ 
                

	Wang, G. L., Jiang, B. H., Rue, E. A. & Semenza, G. L. Hypoxia-inducible factor 1 is a basic-helix-loop-helix-PAS heterodimer regulated by cellular O2 tension. Proc. Natl Acad. Sci. USA 92, 5510â€“5514 (1995)
ArticleÂ 
    CASÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Arany, Z. et al. An essential role for p300/CBP in the cellular response to hypoxia. Proc. Natl Acad. Sci. USA 93, 12969â€“12973 (1996)
ArticleÂ 
    CASÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Dames, S. A., Martinez-Yamout, M., De Guzman, R. N., Dyson, H. J. & Wright, P. E. Structural basis for Hif-1Î±/CBP recognition in the cellular hypoxic response. Proc. Natl Acad. Sci. USA 99, 5271â€“5276 (2002)
ArticleÂ 
    CASÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Freedman, S. J. et al. Structural basis for recruitment of CBP/p300 by hypoxia-inducible factor-1 Î±. Proc. Natl Acad. Sci. USA 99, 5367â€“5372 (2002)
ArticleÂ 
    CASÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Bhattacharya, S. et al. Functional role of p35srj, a novel p300/CBP binding protein, during transactivation by HIF-1. Genes Dev. 13, 64â€“75 (1999)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	De Guzman, R. N., Martinez-Yamout, M. A., Dyson, H. J. & Wright, P. E. Interaction of the TAZ1 domain of the CREB-binding protein with the activation domain of CITED2: regulation by competition between intrinsically unstructured ligands for non-identical binding sites. J. Biol. Chem. 279, 3042â€“3049 (2004)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Freedman, S. J. et al. Structural basis for negative regulation of hypoxia-inducible factor-1Î± by CITED2. Nat. Struct. Biol. 10, 504â€“512 (2003)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Wright, P. E. & Dyson, H. J. Intrinsically disordered proteins in cellular signalling and regulation. Nat. Rev. Mol. Cell Biol. 16, 18â€“29 (2015)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Berlow, R. B., Dyson, H. J. & Wright, P. E. Functional advantages of dynamic protein disorder. FEBS Lett. 589, 2433â€“2440 (2015)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Van Roey, K. et al. Short linear motifs: ubiquitous and functionally diverse protein interaction modules directing cell regulation. Chem. Rev. 114, 6733â€“6778 (2014)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Jaakkola, P. et al. Targeting of HIF-Î± to the von Hippelâ€“Lindau ubiquitylation complex by O2-regulated prolyl hydroxylation. Science 292, 468â€“472 (2001)
ArticleÂ 
    CASÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Lando, D., Peet, D. J., Whelan, D. A., Gorman, J. J. & Whitelaw, M. L. Asparagine hydroxylation of the HIF transactivation domain: a hypoxic switch. Science 295, 858â€“861 (2002)
ArticleÂ 
    CASÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Jewell, U. R. et al. Induction of HIF-1Î± in response to hypoxia is instantaneous. FASEB J. 15, 1312â€“1314 (2001)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Kohn, K. W. et al. Properties of switch-like bioregulatory networks studied by simulation of the hypoxia response control system. Mol. Biol. Cell 15, 3042â€“3052 (2004)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Shin, D. H. et al. CITED2 mediates the paradoxical responses of HIF-1Î± to proteasome inhibition. Oncogene 27, 1939â€“1944 (2008)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Lee, C. W., Ferreon, J. C., Ferreon, A. C., Arai, M. & Wright, P. E. Graded enhancement of p53 binding to CREB-binding protein (CBP) by multisite phosphorylation. Proc. Natl Acad. Sci. USA 107, 19290â€“19295 (2010)
ArticleÂ 
    CASÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Roehrl, M. H. A., Wang, J. Y. & Wagner, G. A general framework for development and data analysis of competitive high-throughput screens for small-molecule inhibitors of protein-protein interactions by fluorescence polarization. Biochemistry 43, 16056â€“16066 (2004)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Motlagh, H. N., Li, J., Thompson, E. B. & Hilser, V. J. Interplay between allostery and intrinsic disorder in an ensemble. Biochem. Soc. Trans. 40, 975â€“980 (2012)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Ferreon, A. C., Ferreon, J. C., Wright, P. E. & Deniz, A. A. Modulation of allostery by protein intrinsic disorder. Nature 498, 390â€“394 (2013)
ArticleÂ 
    CASÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Garcia-Pino, A. et al. Allostery and intrinsic disorder mediate transcription regulation by conditional cooperativity. Cell 142, 101â€“111 (2010)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Motlagh, H. N., Wrabl, J. O., Li, J. & Hilser, V. J. The ensemble nature of allostery. Nature 508, 331â€“339 (2014)
ArticleÂ 
    CASÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Sugase, K., Landes, M. A., Wright, P. E. & Martinez-Yamout, M. Overexpression of post-translationally modified peptides in Escherichia coli by co-expression with modifying enzymes. Protein Expr. Purif. 57, 108â€“115 (2008)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	De Guzman, R. N., Wojciak, J. M., Martinez-Yamout, M. A., Dyson, H. J. & Wright, P. E. CBP/p300 TAZ1 domain forms a structured scaffold for ligand binding. Biochemistry 44, 490â€“497 (2005)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Gu, J., Milligan, J. & Huang, L. E. Molecular mechanism of hypoxia-inducible factor 1Î±-p300 interaction. A leucine-rich interface regulated by a single cysteine. J. Biol. Chem. 276, 3550â€“3554 (2001)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Anthis, N. J. & Clore, G. M. Sequence-specific determination of protein and peptide concentrations by absorbance at 205 nm. Protein Sci. 22, 851â€“858 (2013)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Delaglio, F. et al. NMRPipe: a multidimensional spectral processing system based on UNIX pipes. J. Biomol. NMR 6, 277â€“293 (1995)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Goddard, T. D. & Kneller, D. G. SPARKY 3 (Univ. California, San Fransisco, 2006)

	Ferrage, F., Cowburn, D. & Ghose, R. Accurate sampling of high-frequency motions in proteins by steady-state 15Nâ€“{1H} nuclear Overhauser effect measurements in the presence of cross-correlated relaxation. J. Am. Chem. Soc. 131, 6048â€“6049 (2009)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                


Download references




Acknowledgements
We thank M. Martinez-Yamout for expert assistance with protein preparation and construct design, G. Kroon for NMR support, and A. Deniz for fluorimeter access. This work was supported by grant CA096865 from the National Institutes of Health (P.E.W.) and the Skaggs Institute for Chemical Biology. R.B.B. was supported by a postdoctoral fellowship from the American Cancer Society (125343-PF-13-202-01-DMC).


Author information
Authors and Affiliations
	Department of Integrative Structural and Computational Biology and Skaggs Institute of Chemical Biology, The Scripps Research Institute, 10550 North Torrey Pines Road, La Jolla, 92037, California, USA
Rebecca B. Berlow,Â H. Jane DysonÂ &Â Peter E. Wright


Authors	Rebecca B. BerlowView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	H. Jane DysonView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Peter E. WrightView author publications
You can also search for this author in
                        PubMedÂ Google Scholar





Contributions
R.B.B. performed the experiments. R.B.B., H.J.D. and P.E.W. designed experiments, analysed data, and wrote the manuscript.
Corresponding author
Correspondence to
                Peter E. Wright.


Ethics declarations

              
                Competing interests

                The authors declare no competing financial interests.

              
            

Additional information
Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


Extended data figures and tables

Extended Data Figure 1 Representative 1Hâ€“15N HSQC spectra of 15N-TAZ1, 15N-TAZ1 bound to HIF-1Î±, and 15N-TAZ1 bound to CITED2.
Superimposed 1Hâ€“15N HSQC spectra are shown for 15N-TAZ1 in black, 15N-TAZ1 bound to HIF-1Î± (residues 776â€“826) in orange, and 15N-TAZ1 bound to CITED2 (residues 216â€“269) in blue. Selected cross peaks are labelled with residue assignments. The tryptophan indole resonances are shown as an inset in the lower left corner.


Extended Data Figure 2 Determination of binding affinities for HIF-1Î± and CITED2 peptides by fluorescence anisotropy and bio-layer interferometry (Octet).
a, Fluorescence anisotropy data for titration of unlabelled HIF-1Î± peptide into a pre-formed complex of AlexaFluor-594-labelled HIF-1Î± peptide and unlabelled TAZ1. b, Fluorescence anisotropy data for titration of unlabelled CITED2 peptide into a pre-formed complex of AlexaFluor-594-labelled CITED2 peptide and unlabelled TAZ1. c, Fluorescence anisotropy data for titration of unlabelled CITED2(216â€“242) into a pre-formed complex of AlexaFluor-594-labelled CITED2 peptide and unlabelled TAZ1. d, Fluorescence anisotropy data for titration of unlabelled TAZ1 into AlexaFluor-488-labelled HIF-1Î±(796â€“826). Data shown represent the average (circles) and standard deviation (error bars) of three independent measurements (aâ€“d). e, Representative bio-layer interferometry (Octet) data for HIF-1Î±(776â€“826) binding to GSTâ€“TAZ1. Data are shown in blue for three concentrations of HIF-1Î± as marked. The red lines are the result of fitting the data globally to obtain a shared Kd value for the three concentrations shown. f, Representative bio-layer interferometry (Octet) data for CITED2(216â€“269) binding to GSTâ€“TAZ1. Data are shown in blue for three concentrations of CITED2 as marked. The red lines are the result of fitting the data globally to obtain a shared Kd value for the three concentrations shown. g, Tabulated Kd values for the HIF-1Î± and CITED2 peptides included in this study. ND, not determined. The reported Kd values are the average and standard deviation of the Kd values obtained from nonlinear least squares fitting of at least three independent sets of experimental data.

                          Source data
                        


Extended Data Figure 3 Monitoring HIF-1Î± and CITED2 competition for 15N-TAZ1 binding by NMR spectroscopy.
a, Full 1Hâ€“15N HSQC spectra from NMR competition experiments with HIF-1Î± and CITED2 transactivation domain peptides. Superimposed spectra are shown for 15N-TAZ1 in the presence of one molar equivalent of HIF-1Î± (black), one molar equivalent of CITED2 (cyan), and one molar equivalent of both HIF-1Î± and CITED2 peptides (red, with fewer contours displayed for visibility). The tryptophan indole amide resonances are shown as an inset in the lower left corner. b, Detailed view of selected 15N-TAZ1 resonances. The spectral region highlighted in b is marked by the dotted lines on the full spectra in a. The spectra are displayed as described for a.


Extended Data Figure 4 Monitoring CITED2 competition for TAZ1 binding by stopped-flow fluorescence.
a, Representative time-resolved fluorescence data for rapid mixing of unlabelled CITED2 peptide with AlexaFluor-488-labelled HIF-1Î± peptide in a pre-formed complex with unlabelled TAZ1 (complex concentrationâ€‰=â€‰0.25â€‰Î¼M). The data shown are the average of 10 shots. The concentrations of CITED2 used in each experiment are indicated in the upper left corner of each graph. The red lines are fits to a single exponential function, and the residuals from fitting are shown below the graph of the data obtained at each concentration of CITED2. b, Concentration dependence of observed rates (kobs) from time-resolved fluorescence experiments monitoring CITED2 competition for TAZ1 binding, determined from stopped-flow fluorescence measurements. The data shown represent the average (circles) and standard deviation (error bars) of three independent measurements. The solid red line is the result of fitting to a linear function.

                          Source data
                        


Extended Data Figure 5 Monitoring HIF-1Î± competition for TAZ1 binding by fluorescence.
a, Representative time-resolved fluorescence data for mixing of unlabelled HIF-1Î± peptide with AlexaFluor-488-labelled HIF-1Î± peptide in a pre-formed complex with unlabelled TAZ1 (complex concentrationâ€‰=â€‰0.25â€‰Î¼M). The data shown are the average of 3 independent measurements. The concentrations of HIF-1Î± peptide used in each experiment are indicated in the upper left corner of each graph. The red lines are fits to a single exponential function, and the residuals from fitting are shown below the graph of the data obtained at each concentration of HIF-1Î±. b, Concentration dependence of observed rates (kobs) from time-resolved fluorescence experiments monitoring HIF-1Î± competition for TAZ1 binding, determined by standard fluorescence intensity measurements. The data shown represent the average (circles) and standard deviation (error bars) of three independent measurements. The solid black line is the result of fitting to a linear function.

                          Source data
                        


Extended Data Figure 6 Binding of full-length and truncated HIF-1Î± and CITED2 transactivation domain peptides to 15N-TAZ1.
a, c, Representative regions from superimposed 1Hâ€“15N HSQC spectra of 15N-TAZ1 bound to HIF-1Î± and CITED2 peptides. In a, free 15N-TAZ1 is shown in grey, 15N-TAZ1 bound to HIF-1Î±(796â€“826) is shown in red, and 15N-TAZ1 bound to HIF-1Î±(776â€“826) is shown in black. In c, 15N-TAZ1 is free (grey), bound to CITED2(216â€“242) (red), and bound to CITED2(216â€“269) (black). b, Weighted average 1Hâ€“15N chemical shift changes (Î”Î´av) for each 15N-TAZ1 residue upon addition of HIF-1Î±(776â€“826) (black) and HIF-1Î±(796â€“826) (red). d, Weighted average 1Hâ€“15N chemical shift changes (Î”Î´av) for each 15N-TAZ1 residue upon addition of CITED2(216â€“269) (black) and CITED2(216â€“242) (red). Weighted average 1Hâ€“15N chemical shift changes were calculated as Î”Î´avâ€‰=â€‰((Î”Î´H)2â€‰+â€‰(Î”Î´N/5)2)1/2.

                          Source data
                        


Extended Data Figure 7 Monitoring HIF-1Î± and CITED2(216â€“242) competition for 15N-TAZ1 binding by NMR spectroscopy.
a, Full 1Hâ€“15N HSQC spectra from NMR competition experiments with HIF-1Î± peptide and CITED2(216â€“242). Superimposed spectra are shown for 15N-TAZ1 in the presence of one molar equivalent of HIF-1Î± peptide (black), five molar equivalents of CITED2(216â€“242) (green), and one molar equivalent of HIF-1Î± peptide plus one (gold), three (orange), and five (magenta) molar equivalents of CITED2(216â€“242). The tryptophan indole amide resonances are shown as an inset in the lower left corner. b, Detailed view of selected 15N-TAZ1 resonances. The spectral region highlighted in b is marked by the dotted lines on the full spectra in a. The spectra are displayed as described for a. c, Weighted average 1Hâ€“15N chemical shift changes (Î”Î´av) for each 15N-TAZ1â€“HIF-1Î± residue upon addition of one (gold), three (orange), or five (magenta) molar equivalents of CITED2(216â€“242). Weighted average 1Hâ€“15N chemical shift changes were calculated as Î”Î´avâ€‰=â€‰((Î”Î´H)2â€‰+â€‰(Î”Î´N/5)2)1/2.

                          Source data
                        


Extended Data Figure 8 Monitoring CITED2 and HIF-1Î±(796â€“826) competition for 15N-TAZ1 binding by NMR spectroscopy.
a, Full 1Hâ€“15N HSQC spectra from NMR competition experiments with CITED2 peptide and HIF-1Î±(796â€“826). Superimposed spectra are shown for 15N-TAZ1 in the presence of one molar equivalent of CITED2 peptide (cyan), five molar equivalents of HIF-1Î±(796â€“826) (purple), and one molar equivalent of CITED2 peptide plus one (gold), three (orange), and five (magenta) molar equivalents of HIF-1Î±(796â€“826). The tryptophan indole amide resonances are shown as an inset in the lower left corner. b, Detailed view of selected 15N-TAZ1 resonances. The spectral region highlighted in b is marked by the dotted lines on the full spectra in a. The spectra are displayed as described for a. c, Weighted average 1Hâ€“15N chemical shift changes (Î”Î´av) for each 15N-TAZ1â€“CITED2 residue upon addition of one (gold), three (orange), or five (magenta) molar equivalents of HIF-1Î±(796â€“826). Weighted average 1Hâ€“15N chemical shift changes were calculated as Î”Î´avâ€‰=â€‰((Î”Î´H)2â€‰+â€‰(Î”Î´N/5)2)1/2.

                          Source data
                        


Extended Data Figure 9 Location of spectral changes for 15N-TAZ1â€“HIF-1Î± upon titration with the CITED2(216â€“242) peptide.
15N-TAZ1â€“HIF-1Î± resonances that shift and/or broaden upon addition of an equimolar amount of CITED2(216â€“242) are mapped onto the structure of the TAZ1â€“HIF-1Î± complex as red spheres. TAZ1 (residues 340â€“439) is shown in grey and the HIF-1Î± transactivation domain is shown in orange (residues 776â€“826). The expected structure of the CITED2(216â€“242) peptide in complex with TAZ1 is shown in blue. Structural motifs of HIF-1Î± and CITED2 are labelled for reference.


Extended Data Figure 10 Structural differences in the TAZ1 domain of CBP upon binding HIF-1Î± and CITED2.
Superposition of the TAZ1 structures in complex with HIF-1Î± (orange) and CITED2 (blue). The structures of the bound HIF-1Î± and CITED2 peptides are omitted for clarity, and the TAZ1 helices are labelled for reference.





PowerPoint slides
PowerPoint slide for Fig. 1

PowerPoint slide for Fig. 2

PowerPoint slide for Fig. 3

PowerPoint slide for Fig. 4




Source data
Source data to Fig. 1

Source data to Fig. 2

Source data to Extended Data Fig. 3

Source data to Extended Data Fig. 4

Source data to Extended Data Fig. 5

Source data to Extended Data Fig. 6

Source data to Extended Data Fig. 7

Source data to Extended Data Fig. 8




Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Berlow, R., Dyson, H. & Wright, P. Hypersensitive termination of the hypoxic response by a disordered protein switch.
                    Nature 543, 447â€“451 (2017). https://doi.org/10.1038/nature21705
Download citation
	Received: 02 March 2016

	Accepted: 14 February 2017

	Published: 08 March 2017

	Issue Date: 16 March 2017

	DOI: https://doi.org/10.1038/nature21705


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        The molecular basis for cellular function of intrinsically disordered protein regions
                                    
                                

                            
                                
                                    	Alex S. Holehouse
	Birthe B. Kragelund


                                
                                Nature Reviews Molecular Cell Biology (2024)

                            
	
                            
                                
                                    
                                        Molecular switching in transcription through splicing and proline-isomerization regulates stress responses in plants
                                    
                                

                            
                                
                                    	Frederik Friis Theisen
	Andreas Prestel
	Karen Skriver


                                
                                Nature Communications (2024)

                            
	
                            
                                
                                    
                                        Regulation of brain endothelial cell physiology by the TAM receptor tyrosine kinase Mer
                                    
                                

                            
                                
                                    	Kaisa E. Happonen
	Patrick G. Burrola
	Greg Lemke


                                
                                Communications Biology (2023)

                            
	
                            
                                
                                    
                                        Evolutionary fine-tuning of residual helix structure in disordered proteins manifests in complex structure and lifetime
                                    
                                

                            
                                
                                    	Steffie ElkjÃ¦r
	Amanda D. Due
	Karen Skriver


                                
                                Communications Biology (2023)

                            
	
                            
                                
                                    
                                        Connecting the Î±Î±-hubs: same fold, disordered ligands, new functions
                                    
                                

                            
                                
                                    	Lasse Staby
	Katrine Bugge
	Birthe B. Kragelund


                                
                                Cell Communication and Signaling (2021)

                            


                

            

        
    

            
                Comments
By submitting a comment you agree to abide by our Terms and Community Guidelines. If you find something abusive or that does not comply with our terms or guidelines please flag it as inappropriate.



                
                    
                    

                

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        Editorial Summary
Disordered protein switch halts hypoxic response
Cellular adaptation to oxygen fluctuations require fine-tuning in the competition between regulatory proteins that either activate or repress hypoxia response genes. Peter Wright and colleagues use NMR to describe how the CITED2 negative feedback regulator displaces the tightly bound activator HIF-1Î± from their common target TAZ1, through the formation of an intermediate ternary complex caused by a conformational change in TAZ1 that increases HIF-1Î± dissociation. The resulting unidirectional switch owes its hypersensitivity to intrinsically disordered regions in these proteins, which are otherwise pervasive among the signalling proteins of complex organisms including humans.
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