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Fig. S1. Processing work flow for PRC2-AEBP2-JARID2 (1-450) bound to H2AK119ub 

containing mono-nucleosome collected on a Titan Krios with a Gatan K2 detector. Red circles 

represent manually picked particles for topaz training and green circles represent topaz picked 

particles after neural net training (only a subset is shown for clarity).  
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Fig. S2. Processing work flow for PRC2-AEBP2-JARID2 (aa 1-450) bound to H2AK119ub 

containing mono-nucleosome collected on a Titan Krios with Gatan K3 camera. Red circles 

represent manually picked particles for topaz training and green circles represent topaz picked 

particles after neural net training (only a subset is shown for clarity).  
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Fig. S3. (A) Cryo-EM density (contour level: 0.024) and built in models for regions of the final 

map for PRC2-AEBP2-JARID2 (aa 1-450) bound to H2AK119ub1 containing mono-nucleosome 

(Ncl-ub) corresponding to the different proteins in PRC2. On the far right is the full model of 

PRC2-nucleosome with a close up view of two regions of PRC2, one showing the density for SAH 

and the corresponding atomic model of SAH and the other in the center of PRC2 showing density 

for a presumed divalent metal ion that appears to interact with regions from the four core subunits 

of PRC2 (EZH2, EED, SUZ12, and RBAP48). (B) Local resolution (Å) for PRC2 and for the 

nucleosome shown in high threshold and the close-up views of the local resolution of both 

ubiquitin molecules, JARID2 UIM and the AEBP2 tandem zinc fingers in lower threshold in the 
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final reconstructions. The cryo-EM density is shown as mesh and the fitted model for AEBP2 zinc-

finger (85-116 aa) is shown in red. (C) Local resolution (Å) of the map containing two PRC2 

bound to a nucleosome. (D) (Left) Euler angle distribution for the particles after the final 

refinement of 1:1 PRC2:Ncl-ub after combining the two data sets. (Right) Euler angle distribution 

for the particles after the final refinement of the 2:1 PRC2:Ncl-ub.  

 

 

 
 

Fig. S4. (A) FSC curves for the final, refined model. (B) 3D FSC for final Phenix-refined model 

vs full map. (C) Model vs Map FSC for final Phenix-refined model versus full map (Blue) and 

half-maps (orange). FSC/3D FSC. 
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Fig. S5. (A) (Top) The cryo-EM reconstruction of  two PRC2-AJ1-450 engaging one each of the 

two histone H3 tails, on the opposite sides of the Ncl-Ub. (Bottom)  The density map for each 

individual PRC2-ApJ1-450  complex, with the atomic models of the nucleosome and the H3 tails 

(pink) docked into the density. (B) (Top) Full model of the two PRC2-AJ1-450 engaging the 

nucleosome, with histone H3 density shown in pink. (Bottom) Close up view of the density for the 

histone H3 tails. Each PRC2 simultaneously interacts with one of the histone H3 tails (density 

shown in pink with model in stick representation). (C) Comparison of the cryo-EM density near 

each of the ubiquitins  in the PRC2-sandwiched nucleosome, shown at low contour level (0.003). 

The clear differences in the density of the two regions allows to assign one to JARID2-ubiquitin 

and the other to AEBP2-ubiquitin (model docking show that the densities correspond well to that 

seen in the 1:1 PRC2-nucleosome complex). 
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Fig. S6. (A) Close-up view at the electrostatic potential of the EZH2 bridge helix region (aa 487-

513) and an AEBP2 segment rich in lysine and arginine (aa 169-184) that interact with DNA 

showing the presence of strong positively charged surfaces in both segments. (B) Conformational 

flexibility observed using multibody analysis in RELION(43) in which PRC2 and nucleosome 

were treated as independent bodies. The three rows depict, in three orthogonal orientations, the 

representative conformational variance for the first three eigenvectors (63%). They show that the 

interface of PRC2-nucleosome interaction (black arrow) is flexible. On the far right, shown in two 

orthogonal orientations, are corresponding close ups of the nucleosome interacting regions 

(corresponding to the yellow dashed box on the left). The EZH2 bridge helix (aa 487-513) and C-

terminus (aa 738-745) are shown in dark blue/light blue, the AEBP2 lysine and arginine rich 

segment (aa 169-174) in red/orange, and the nucleosomal DNA, shown in dark cyan/cyan. The 

dark-to-light shades of the respective colors illustrate the range of movement of these regions. 
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Fig. S7. (A) Amino acid sequence alignment of a part of EZH2 showing sequence conservation of 

the amino acids in the bridge helix involved in interaction with histone H3 tail, nucleosome DNA 

and EZH2 (SET) domain (highlighted in green). Auto-methylation lysines are indicated by black 

arrows. (B) Structure of PRC2-AJ1-450 bound to Ncl-ub showing the cryo-EM density for ubiquitin 

(orange) and H2A (salmon) (filtered based on local resolution). Close-up view showing the 

structure of ubiquitin rigid-body docked into the density such that the C-terminal tail of ubiquitin 

containing G76C is ~ 3 Å from the H2AK119C. (C) Model of the JARID2 (aa 24-57) interaction 

with ubiquitin view in the same orientation as the close-up in (A), showing that I44-containing 

segment of ubiquitin is facing the JARID2 UIM. (D) Model of the ubiquitin-AEBP2 zinc finger 

interaction view in the same orientation as the close-up in (A) (left) and rotated 90 º (right). (E) 

Superposition of the model of ubiquitin-AEBP2 zinc finger from this study with the NMR structure 

of  the ubiquitin binding zinc finger (purple) bound to ubiquitin (orange; PDB:2MRE(58)) 

illustrating that the AEBP2 zinc finger does not interact with the canonical ubiquitin surface. (E) 

Superposition of the model of the ubiquitin-AEBP2 zinc finger from this study with the zinc finger 

(blue) from SAGA DUB module bound to ubiquitinated nucleosome (PDB:4ZUX(29)) showing 

that they interact with the same H2A-H2B surface. The comparison was performed after rigid body 

docking the nucleosome in 6T9L within the cryo-EM density of PRC2-AJ1-450 bound to Ncl-ub. 

Only the zinc finger from 6T9L is shown for clarity. 
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Fig. S8. (A) (Top) Overlay of PRC2-AJ1-450  cryo-EM maps bound to a H2AK119ub-containing 

nucleosome (transparent map)  and to an unmodified nucleosome (dark cyan). Close up views of 

the nucleosome with the difference map density for JARID2, AEBP2 zinc finger and ubiquitin are 

shown in red (indicated by black arrow). Both maps were lowpass filtered to 15 Å for comparison. 

(Bottom) Model of PRC2-AJ1-450 bound to H2AK119ub-containing nucleosome docked into the 

cryo-EM map of PRC2-AJ1-450 bound to unmodified nucleosome (transparent light grey) with 

arrows indicating ubiquitin, JARID2 and AEBP2 zinc finger for which no density is visible. (B) 

(Top) Overlay of PRC2-AJ1-450  cryo-EM maps bound to a H2AK119ub-containing unmodified 

nucleosome (transparent map)  and PRC2-AEBP2 bound to an unmodified nucleosome (dark 

cyan). Close up views of the nucleosome with the difference map density for AEBP2 zinc finger 

and ubiquitin shown in red (indicated by the black arrow). Both maps were lowpass filtered to 8 

Å for comparison. (Bottom) Model of PRC2-AJ1-450 bound to H2AK119ub-containing nucleosome 

docked into the cryo-EM map of PRC2-AEBP2 bound to an unmodified nucleosome (transparent 

light grey) with arrows indicating ubiquitin, JARID2 and AEBP2 zinc finger for which no density 

is visible. (C) (Top) Overlay of the cryo-EM reconstructions of PRC2-ApJ106-450 bound to 

H2AK119ub nucleosome (dark cyan) with that of PRC2-AJ1-450 bound to H2AK119ub containing 

nucleosome (transparent map). Close up views of the nucleosome with difference map density for 

the ubiquitin that binds JARID2 shown in red (indicated by black arrow). Both maps were filtered 

to 18 Å for comparison. (Bottom) Model of PRC2-AJ1-450 bound to H2AK119ub-containing 

nucleosome docked into the cryo-EM map of PRC2-AJ106-450 bound to a H2AK119ub unmodified 

nucleosome (transparent light grey) with arrows indicating ubiquitin and JARID2 for which no 

density is visible.  
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Fig. S9. (A) Raw images of the western blot activity assay for PRC2-core and PRC2-AEBP2-

JARID2 (aa 1-450) with either unmodified nucleosome or H2AK119ub containing nucleosome. 

Top panel shows Cy5 fluorescence images for H3K27me3 while bottom panel shows Cy3 

fluorescence image for H4. (B) Raw images of the western blot activity assay for PRC2-core, 

PRC2-A, PRC2-J106-450, PRC2-AJ1-450, and PRC2-A∆ZnJ1-450 with Xenopus nucleosomes 
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unmodified, H3K4me3-containing, H3K36me3-containing, and H2AK119ub1-containing. Top 

panel shows Cy5 fluorescence images for H3K27me3 while bottom panel show Cy3 fluorescence 

images for H4. (C) Coomassie stained 4-12% Tris-Glycine SDS-PAGE gels of the different 

nucleosomes used, showing the presence of all four histones. (D) Raw images of the western blot 

activity assay for PRC2-core, PRC2-A, PRC2-J106-450, PRC2-AJ1-450, and PRC2-A∆ZnJ1-450 with 

human unmodified, H3K4me3-containing, H3K36me3-containing, and H2AK119ub1-containing 

nucleosomes. Top panel shows Cy5 fluorescence images for H3K27me3 while bottom panel show 

Cy3 fluorescence images for H4. Repetition of activity assay for PRC2-JARID2 106-450 and 

PRC2-AEBP2-JARID2 106-450 with Xenopus unmodified and Xenopus H2AK119ub1-

containing nucleosomes are included again due to the observed defective loading controls in (B) 

for H2AK119ub1-containing nucleosome for these PRC2 complexes. The repetition of the activity 

assay of PRC2-A∆ZnJ1-450 with human nucleosomes due to lower loading (seen in (D)) is shown 

in the inset (black box). 
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Fig. S10. (A) Comparison of HMTase activity of PRC2 on Xenopus versus Human H3K4/K36me3 

containing nucleosomes.  Kinetic assays showing initial rates of four different PRC2 complexes 

with increasing amounts of either Xenopus nucleosomes either unmodified (grey) or containing 

H3K4me3 (orange) or H3K36me3 (green). (Bottom) As top row, but using Human nucleosomes.  

(B) Bar graph showing end point assays for cumulative H3K27me/me2/me3 activity for different 

PRC2 complexes on human nucleosomes: unmodified (grey), H3K4me3-containing (orange), 

H3K36me3-containing (green), and H2AK119ub1-containing (Pink). (C) Summary of the 

Michaelis-Menten kinetic parameters Vmax, KM obtained by fitting the curves in panel (A). (D) 

HMTase activity of PRC2-core (magenta) and PRC2-AEBP2-JARID2 1-450 (black) on 

H2AK119ub1-containing nucleosome. Summary of the Michaelis-Menten kinetic parameters 

Vmax, and KM obtained by fitting the curves. 
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Fig. S11. Processing workflow for the combined data sets of PRC2-AEBP2-JARID2 (aa 1-450) 

bound to human H3K4me3-containing mono-nucleosome collected on a Titan Krios with a Gatan 

K3 camera. 
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Fig. S12. (A) Overlay of cryo-EM density maps for PRC2-AJ1-450  bound to human H3K4me3 

(light grey: state without density for H3 tail) and to Xenopus Ncl-ub (purple) nucleosomes. Both 

maps are lowpass filtered to 8 Å for comparison. At the displayed threshold (=0.03) the density 

for ubiquitin, the AEBP2 zinc-fingers and the JARID2 UIM are not visible in the Ncl-ub map. The 

red boxes highlight regions of notable differences and are shown in close-up views on the right. 

(Top inset) Orthogonal close-up views of the EED, EZH2 (SANT1, SBD) region and JARID2 

K116me3 binding region, with differences in the PRC2 bound to H3K4me3-containing 

nucleosome indicated by black arrows. (Bottom inset) Close-up view of the EZH2 (SET) catalytic 

domain showing that the density for H3 tail is observed in the PRC2-Ncl-ub reconstruction but it 

is absent in that for PRC2 bound to the H3K4me3-containing nucleosome. (B) The atomic model 

for PRC2 and nucleosome (cyan) from this study was fitted into the cryo-EM reconstruction of 

PRC2-AJ1-450 bound to Human H3K4me3 nucleosome (light grey) after removing ubiquitin, the 

JARID2 (UIM) and the AEBP2 zinc-fingers. The docked model shows that the overall geometry 

of interaction between PRC2 and the two types of nucleosome is the same. Flexible fitting was 

used in iMODFIT(59) to account for the differences in the EZH2 (SANT1, SBD) region. The SBD 

of EZH2 adopts a straight conformation and repositions the SANT1 domain, as also observed in 

one of the two active states in our earlier study of the PRC2-AEBP2-JARID2 structure without 

nucleosome, and in our previous structure of PRC2-AEBP2 bound to a dinucleosome(22, 23). 

(Top inset) Close-up view of the EZH2 (SET) domain showing the absence of density for the 

histone H3 tail in the catalytic region. (Bottom inset) Close-up view of the EED, EZH2 (SANT1, 

SBD) region and JARID2 K116me3 binding region showing unaccounted density (indicated by 

black arrow) observed in PRC2 bound to H3K4me3-containing nucleosome. The unaccounted 

density is near the region on EED where JARID2 K116me3 or H3K27me3 bind, but it occupies a 
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larger volume and does not appear to overlap significantly with the JARID2 K116me3 segment 

(indicated by *) observed in the PRC2-AJ1-450 bound to Ncl-ub. (C) (Top) Cryo-EM density map 

for PRC2-AJ1-450 bound to human H3K4me3 (light grey) containing the histone H3 tail engaged 

in the EZH2 (SET) catalytic site. Inset shows an enlarged view, with the density for the histone 

H3 tail segmented in green. (Bottom) Comparison of the differences in the SANT1 (yellow) and 

the allosteric binding site region on EED (magenta) between the two states. The differences in 

position of SANT1 are indicated by the curved arrow, while the extra density observed bound to 

the allosteric region of EED in the state without H3 tail is shown in magenta (marked by solid 

arrow).  
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Table S1. Cryo-EM data collection, refinement and validation statistics for the different data sets 

for the different data sets - #1: PRC2-AEBP2-JARID2 1-450+Ncl-ub, #2: PRC2-AEBP2-JARID2 

1-450+Ncl-ub; #3-PRC2-AEBP2-JARID2 1-450+Ncl; #4:PRC2-AEBP2+Ncl; #5:PRC2-AEBP2-

JARID2 106-450+Ncl-ub; #6: PRC2-AEBP2-JARID2 1-450+human Ncl (H3K4me3). Only the 

combined map from dataset #1 and #2 were used for model building. 

 
Data Collection Dataset #1 Dataset  #2 Dataset #3 Dataset #4 Dataset #5 Dataset #6 

Microscope Krios Krios Arctica Krios Arctica Krios 

Voltage (kV) 300 300 200 300 200 300 

Detector K3 K2 K3 K3 K3 K3 

Energy Filter 

(slit width eV) 

GIF Quantum 

(20 eV) 

GIF Quantum 

(20 eV) 

 GIF Quantum 

(20 eV) 

 GIF Quantum 

(20 eV) 

Pixel Size (Å) 0.37 0.575 0.45 0.575 0.57 0.37 & 0.56 

Defocus Range (µm) -1 to -2.5 -1 to -2.5 -1 to -2.5 -1 to -2.5 -1 to -2.5 -0.6 to -2.5 

Movies 10750 10354 1066 7900 3095 5353 & 5639 

Exposure Rate (e-/Å2) 50 50 50 50 50 50 

Reconstruction      

Software RELION RELION RELION RELION RELION RELION 

Particles (final) 168601 64632 20578 72655 55740 56483 

Box Size (pixels) 384 384 384 360 384 384 

Accuracy Rotations (º) 0.84 1.43 3.71 2.7 3.5 1.3 

Accuracy Translations 

(Å) 

0.5 1.1 3.9 2.1 3.3 0.98 

Map Resolution (Å) 3.5 4.2 18 5.7 15 6.9 

Map Sharpening B-factor 

(Å2) 

-60 -100  -142   

Coordinate Refinement   

Software PHENIX 

Map CC 0.84 

Resolution Cutoff (Å) 3.5 

Box Size (Å) 169x207x171 

FSC model-vs-map = 0.5 (Å) 3.6 

Model  

Number of Atoms 27916 

Protein 2831 

Nucleic Acid 314 

B-factors overall 100 

Protein 100 

Nucleic acid 100 

R.m.s deviations  

Bond Length (Å) 0.005 

Bond angles (º) 0.61 

Validation  

Molprobity score 2.4 

Clashscore 8.57 

Rotamer outliers (%) 0.0 

C deviations (%) 0 

Ramachandran  

Favored (%) 87.2 

Allowed (%) 12.8 

Outliers (%) 0.0 

CaBLAM outliers (%) 4.17  

EMRinger Score 1.78  
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Movie 1 -  Cryo-EM density map (3.5 Å overall resolution) of PRC2-AJ1-450 bound to Ncl-Ub, 

segmented with colors corresponding to the different proteins and/or domains of PRC2 and the 

nucleosome (as in Fig. 1), with the corresponding atomic model, shown in ribbon, for the whole 

assembly (same color scheme). 
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