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            Abstract
The plant hormone jasmonate plays crucial roles in regulating plant responses to herbivorous insects and microbial pathogens and is an important regulator of plant growth and development1,2,3,4,5,6,7. Key mediators of jasmonate signalling include MYC transcription factors, which are repressed by jasmonate ZIM-domain (JAZ) transcriptional repressors in the resting state. In the presence of active jasmonate, JAZ proteins function as jasmonate co-receptors by forming a hormone-dependent complex with COI1, the F-box subunit of an SCF-type ubiquitin E3 ligase8,9,10,11. The hormone-dependent formation of the COI1â€“JAZ co-receptor complex leads to ubiquitination and proteasome-dependent degradation of JAZ repressors and release of MYC proteins from transcriptional repression3,10,12. The mechanism by which JAZ proteins repress MYC transcription factors and how JAZ proteins switch between the repressor function in the absence of hormone and the co-receptor function in the presence of hormone remain enigmatic. Here we show that Arabidopsis MYC3 undergoes pronounced conformational changes when bound to the conserved Jas motif of the JAZ9 repressor. The Jas motif, previously shown to bind to hormone as a partly unwound helix, forms a complete Î±-helix that displaces the amino (N)-terminal helix of MYC3 and becomes an integral part of the MYC N-terminal fold. In this position, the Jas helix competitively inhibits MYC3 interaction with the MED25 subunit of the transcriptional Mediator complex. Our structural and functional studies elucidate a dynamic molecular switch mechanism that governs the repression and activation of a major plant hormone pathway.
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                    Figure 1: Structures of MYC3 N terminus in apo and Jas peptide-bound states.[image: ]


Figure 2: Jas peptide forms extensive interactions with the JIDâ€“TAD surface in MYC3.[image: ]


Figure 3: Mutational analysis of the JAZ9â€“MYC3 interaction.[image: ]


Figure 4: Distinct conformations of the Jas helix in the COI1â€“JAZ co-receptor complex versus the JAZâ€“MYC complex.[image: ]


Figure 5: Jas motif peptide competitively inhibits the MYC3â€“MED25 interaction.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Mapping of the JAZ9â€“MYC3 interface.
a, b, Yeast two-hybrid analysis of the interaction between LexAâ€“JAZ9 and BD42(AD)â€“MYC3 constructs. Simplified diagrams of MYC3 (a) and JAZ9 (b) proteins are shown on top. Blue yeast colonies indicate a positive interaction between two proteins. The experiment was repeated three times with same results. c, Sequence alignment of the Jas motif of the 12 A. thaliana JAZ proteins. The N-terminal five amino acids that are unwound in the crystal structure of the COI1â€“ligandâ€“JAZ co-receptor complex23 are indicated by a red line on top of JasJAZ1. Asterisks denote amino acids conserved in all of the sequences, colons denote similar amino acids. d, Interaction between purified His6Sumoâ€“MYC3 N-terminal proteins and biotinylated Jas motif peptides by AlphaScreen luminescence proximity assay (n = 3 technical replicates; error bars, s.d.). ***Significant differences (P < 0.001) compared with the no-Jas control by Studentâ€™s t-test. The experiment was repeated three times with similar results.


Extended Data Figure 2 Interactions of MYC2 and MYC4 with Jas motifs of JAZ8, JAZ9 and JAZ12.
a, Yeast two-hybrid assays between MYC N-terminal proteins and full-length JAZ9. The experiment was repeated three times with same results. b, AlphaScreen assay between His6Sumo-tagged MYC N-terminal proteins and biotinylated JAZ peptides (n = 3 technical replicates; error bars, s.d.). ***Significant differences (P < 0.001) compared with no-Jas control by Studentâ€™s t-test. The experiment was repeated three times with similar results.


Extended Data Figure 3 Arrangement of secondary structure elements in MYC3(5â€“242).
a, Rainbow colour scheme of MYC3(5â€“242) in two orientations, from blue (N terminus) to red (C terminus). b, Secondary structure elements overlaid on the sequence alignment of MYC2, MYC3 and MYC4 N-terminal proteins. Note that Î±1â€² (solid line) is a loop with partial helix character and is connected to Î±1 by a 90Â° kink.


Extended Data Figure 4 Surface accessibility and structural dynamics of MYC3(5â€“242) revealed by HDX.
a, HDX heat map of MYC3(5â€“242). The colour bar indicates the percentage deuterium exchange. Three experimental repeats were performed for each HDX time point. b, HDX heat map overlaid onto the MYC3(5â€“242) apo structure. Peptides corresponding to the JID helix were not resolved (no HDX information, grey colour), preventing a definitive assessment of the dynamics of the JID helix in solution.


Extended Data Figure 5 B-factor presentations of the four crystal structures.
The B-factor indicates the dynamic mobilities of different resolved parts within the structure. The thicker the lines and the warmer the colour, the higher is the mobility. Other than two linker regions (linker), the three helices that can occupy the JID helix have the highest B-factors in all four structures. The difficulties in crystallizing the MYC3(5â€“242)â€“Jas22JAZ9 complex are therefore probably caused by its high conformational flexibility due to the presence of all three dynamic helices as well as the unfolding of the Î±1â€²/Î±1 helix. Covalent fusion to MYC3(5â€“242) probably stabilizes the conformational flexibility of Jas22JAZ9 and the complex. Note that the presence of the Î±1â€²/Î±1 helix does not interfere with the ability of MYC3 to bind the JAZ peptide (compare MYC3(5â€“242) and MYC3(44â€“238) in Fig. 5b).


Extended Data Figure 6 Effects of mutations in MYC3 on the interactions between JAZ and MYC3 proteins in yeast two-hybrid assays.
The development of blue yeast colonies indicates the positive interaction between two proteins. The experiment was repeated three times with same results.


Extended Data Figure 7 MYC3(44â€“238) in complex with Jas22JAZ1 and Jas22JAZ9 and phenotypes of the Arabidopsis med25 mutant.
a, b, MYC3(44â€“238) in complex with Jas22JAZ1(amino acids 200â€“221; grey) overlaid with MYC3(44â€“238) in complex with Jas22JAZ9(amino acids 218â€“239; pink). c, Arabidopsis med25 mutant (pft1-2) plants are less susceptible to P. syringae pathovar tomato (Pst) DC3000 than Arabidopsis wild-type (Col-0) plants. Disease symptoms (chlorotic lesions; upper panel) and bacterial population (lower panel) of Arabidopsis wild-type and med25 mutant (pft1-2) plants 3 days after dip-inoculation with Pst DC3000 at 1 Ã— 108 colony-forming units per millilitre (n = 4 biological replicates; error bars, s.e.m.). ***Significant difference (P < 0.001) in bacteria population between Col-0 and med25 mutant plants, as determined by two-tailed t-test. The experiment was repeated five times with similar results and the images presented are representative of five repeats. d, The med25 mutant plants are less sensitive to jasmonate-induced root growth inhibition than wild-type plants. A representative picture (upper panel) and percentages of root growth inhibition (lower panel) of 10-day-old wild-type and med25 mutant (pft1-2) Arabidopsis seedlings after treatment with 0.1% DMSO (control), 1 Î¼M, 3 Î¼M or 10 Î¼M MeJA (n = 15 biological replicates; error bars, s.e.m.). Triple asterisks (***) with different colours indicate the significant differences (P < 0.001) between Col-0 and the med25 (pft1-2) mutant with the same concentration of MeJA treatment, as determined by two-way ANOVA with Bonferroni post-test. The experiment was repeated four times with similar results and the images presented are representative of four repeats.


Extended Data Figure 8 A simplified diagram of the core components of the jasmonate signalling cascade.
a, In the resting stage, jasmonate response gene expression is restrained by a family of JAZ transcriptional repressors. JAZ repressors bind and inhibit the MYC family of transcription factors through (1) direct inhibition and (2) recruiting TOPLESS (TPL) co-repressors either directly or through the NINJA adaptor. TPL in turn recruits histone deacetylases/methyltransferases (not shown) to repress gene expression through chromatin remodelling. b, In response to stress or developmental cues, plants synthesize jasmonateâ€“Ile, which serves as molecular glue to facilitate the formation of a co-receptor complex between JAZ and COI1. The formation of the COI1â€“JAZ co-receptor complex leads to ubiquitination and proteasome-dependent degradation of JAZ repressors. c, JAZ-free MYCs interact with the MED25 subunit of the Mediator complex and recruit RNA polymerase II (not shown) to the promoters of jasmonate-responsive genes. Components examined in this study are coloured.
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Conformational changes in MYC3 N-terminal domain (aa 5-242) upon JasJAZ9 peptide binding. 
All the structures are shown in cartoon representation. MYC3 N-terminal domain structure is colored in cyan for JID domain, green for TAD domain, red for the partial Î±1 helix and yellow for the rest of the protein. JasJAZ9 peptide is colored in pink. Although the Î±1â€™/Î±1 helices are well-resolved in the apo MYC3 structure, only partial Î±1 helix is shown since the rest of the Î±1 helix is disordered in the MYC3(5-242)â€“JasJAZ9 complex structure. The movie was made using the Chimera program with the superimposed apo MYC3(5-242) and JasJAZ9 bound MYC3(5-242) structures. (AVI 663 kb)


Conformational changes in JasJAZ9 peptide transitioning from MYC3-bound state to COI1-bound state
All the structures are shown in cartoon representation with COI1 colored in blue and JasJAZ9 peptide colored in pink. JA-Ile is shown as a space-filling model. The starting conformation of JasJAZ9 peptide is shown as an Î±-helix based on JasJAZ9- bound MYC3 complex structure. JasJAZ9 peptide undergoes conformational change at the N terminus upon binding to COI1 and JA-Ile. The movie was made using the Chimera program with the superimposed JasJAZ9-bound MYC3 (this study) and JasJAZ1-bound COI123 structures. (AVI 1290 kb)
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The signalling pathway triggered by the plant hormone jasmonate regulates plant stress responses and also growth and development. At a molecular level, the jasmonate ZIM-domain (JAZ) proteins act as jasmonate co-receptors but also repress the activity of MYC transcription factors, which are required to convey the jasmonate signal. Sheng Yang He and colleagues use X-ray crystallography to address the question of how these same proteins can switch roles between transcriptional repressors and jasmonate co-receptors. Previous work had suggested that the conserved Jas motif of a JAZ repressor binds to jasmonate as a partially unwound helix. These authors find that the motif forms a complete Î±-helix on binding to MYC. Consequently, the Jas motif becomes an integral part of the MYC N-terminal fold resulting in a notable conformational change in MYC. This competitive binding inhibits MYC interaction with a subunit of the transcriptional Mediator complex, repressing its transcriptional activity.
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