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Materials and Methods

Protein Expression and Purification

The components of the Rpd3S complex, including full-length Rpd3, Sin3, Rcol, Umel, and
Eaf3, were amplified from total yeast DNA by PCR. All of these components and their mutants
were cloned into modified pFastbac baculoviral expression vectors. A TEV-cleavable Strep-
tag was engineered at the N-terminus of Rcol for affinity purification. The bac-to-bac
baculovirus system was used to express the target protein in insect cells. Baculovirus of all
components of Rpd3S were mixed in a predetermined ratio to achieve stoichiometric
expression in cells. Sf9 insect cells were co-transfected at 27°C for 72 h. Cells were harvested
by centrifugation at 4°C, 2700 rpm for 20 min, and the pellet was resuspended by cell lysis
buffer (20 mM Tris-HCI pH 7.5, 300 mM NacCl, 5% glycerol, 0.1% NP-40) supplied with 1
mM PMSF and a protease inhibitor cocktail. Cells in the lysis buffer were sonicated using 56%
amplification with 3s on and 7s pulse for 15min on ice. Cell debris were removed by
centrifugation at 4°C, 25,000 rpm for 1 h. The cleared lysate was co-incubated with strep beads
and then successively washed by cell lysis buffer, and the target protein was finally eluted by
elution buffer (100 mM Tris-HCI pH 8.0, 150 mM NaCl, 10mM D-desthiobiotin). Fractions
containing Rpd3S were incubated overnight at 4 °C with TEV protease to cleave off the tag.
The digested protein was further purified by an Anion exchange column (GE® healthcare).

Target proteins were collected, concentrated and purified by size-exclusion chromatography
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using a Superose 6 Increase 5/150 GL column (GE® healthcare) in buffer (20 mM HEPES pH
7.5, 150mM NaCl).

Nucleosome reconstitution

Widom 601 sequence and a 20-bp linker DNA emitting from one side were purified from a
plasmid encoding 20 repeats (each flanked by the EcoRV restriction enzyme cutting site) of
the sequence as previously described*!. The full-length unmodified Xenopus laevis histones
H2A, H2B, H3, and H4 were expressed in Escherichia coli strain BL21 (DE3) and purified
using a previously reported method*>. All modified H3 or H4 were synthesized by KS-V
Peptide (KS-V Peptide Co., Hefei, China). Histone octamers containing either unmodified,
K36me3 H3, or acetylated H3/H4 were refolded as previously described*'. A modification of
the salt gradient method described by Thomas and Butlerz* was used for the reconstitution of
histone octamer with DNA. Histone octamer and DNA were combined at 2 M NaCl; the
gradual reduction of the salt concentration to 0.25 M NaCl over a period of 36 h led to the

formation of NCPs.

Sample preparation and cryo-EM data collection

The Rpd3S—NCP complex was obtained by mixing 15uM protein with SuM NCP. We purified
and stabilized the Rpd3S and Rpd3S—NCP complexes using the GraFix method**. To form the
gradient, a 6 mL top solution containing 50 mM NaCl, 20 mM HEPES (pH 7.5), and 10%
glycerol (Sigma) was added to a tube (Beckman, 331372). The bottom solution (6 mL)
containing 50 mM NaCl, 20 mM HEPES (pH 7.5), 30% glycerol, and 0.15% glutaraldehyde
was then injected into the bottom of the tube using a syringe with a blunt-ended needle. The
tubes were placed into a gradient master (BioComp) to form a continuous density and
glutaraldehyde gradient. Finally, 200 puL of sample was loaded. The sample tubes were
ultracentrifuged at 4°C for 14 h at a speed of 35,000 rpm. (Beckman, Rotor SW-41Ti).
Fractions were collected every 500 pL. The best fractions were selected and dialyzed to buffer
(20 mM HEPES pH 7.5, 50mM NaCl, 3% glycerol) for EM sample preparation. For cryo-EM,
an aliquot of 4 uL of the sample at a concentration of ~0.2 mg/mL was applied to glow-
discharged grids (Quantifoil 1.2/1.3). The grids were then blotted for 3.5 s and plunged into

liquid ethane cooled by liquid nitrogen, using a Vitrobot (FEI). The EM grids were imaged on
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a Titan Krios transmission electron microscope (FEI) operated at 300 kV. A total of 6,990
images of the Rpd3S complex were collected on K3 (Gatan) with a pixel size of 0.55 A/pixel,
and a total of 10,786 images of Rpd3S-nucleosome were collected on K3 (Gatan) with a pixel
size of 0.541 A/pixel. AutoEMation2 was used for automated data collection®. Defocus was
set automatically, with values ranging from -1.5 to -1.8 pm. The fluence was ~50e7/ A2

fractionated into 32 frames (exposure time 2.56s).
Image processing

Motion correction was performed using the MotionCor2*. CTF parameters were estimated
using GCTF*. For the Rpd3S complex dataset, after automatic particle picking and 3 rounds
of 2D classification in RELION**° ~2.63M particles were selected for the first round of 3D
classification. The initial model was generated by RELION and low-pass-filtered to 60 A for a
3D reference. After 2 rounds of 3D classification, ~670k particles were selected and used for
3D auto-refinement and post-processing, resulting in a reconstruction of the entire Rpd3S
complex at 3.2A. Following local mask 3D classification for head-bridge-right arm, ~348k
particles were selected and 3D auto-refined and post-processed, resulting in a local density map
of the head-bridge-right arm with a resolution of 2.7 A. Similarly, the local density map of the
bridge-left arm was reconstructed at 3.2 A. For the Rpd3S-nucleosome complex datasets, two
datasets of 10,786 micrographs were selected. After automatic particle picking and 2 rounds of
2D classification in RELION, ~2.59M particles were selected for 3D classification. The initial
model was generated by RELION and low-pass-filtered to 60 A for a 3D reference. After 2
rounds of 3D classification, two representative classes of the Rpd3S-nucleosome complex were
relatively better distinguished with the change of the Rpd3S complex on the nucleosome. For
the CHD-nucleosome, ~427k particles were used to 3D auto-refine and post-process in a close
state, resulting in a local density map of the CHD-nucleosome with a resolution of 2.8 A. After
one round of 3D classification on the Rpd3S complex, two classes were performed respectively,
resulting in two distinguished states of the stable Rpd3S complexes. All two classes were
subject to global 3D refinement, yielding two density maps at resolutions of 4.0 A (close state),
4.0 A (loose state). After 3D refinement of Rpd3S complex, a 3.3 A map and a 3.4 A map of

the Rpd3S in two classes were resolved, respectively.
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The local resolution map was created using RELION* and represented using UCSF
Chimera®®. All reported resolutions are based on the gold-standard Fourier shell correlation
(FSC) 0.143. The final FSC curves were corrected for the effect of a soft mask with high-

resolution noise substitution.
Model building

The whole structural model of the Rpd3S complex was manually built in COOT?! according
to the 2.7-A map of the head-bridge-right arm region and a 3.2 A map of the bridge-left arm
region. AlphaFold was used to predict and determine the special knotted coil in Rcol°2. The
structures of the nucleosome (PDB ID: 6ESF) and Eaf3-CHD (PDB ID: 3E9G) served as initial
structural templates for the CHD-nucleosome model, which was docked into the cryo-EM maps
using UCSF Chimera®’. The CHDEaf3-a was built and adjusted in COOT, while CHDgai3-5 was
docked into the cryo-EM map. Two structural models of the Rpd3S-nucleosome were built by
docking the Rpd3S complex and CHD-nucleosome structures into a 2.8 A map of CHD-
nucleosome, a 3.3 A map, and a 3.4 A map of the Rpd3S complex respectively in two states,
followed by rigid-body fitting and manual model building. The models were refined in real
space using Phenix>. Statistics of the map reconstruction and model refinement were shown
in Supplementary Table 1 and 2. The final models were evaluated using MolProbity>*. Map
and model representations in the figures were prepared by PyMOL (https://pymol.org/), UCSF
Chimera® or UCSF ChimeraX>’.

Isothermal titration calorimetry

All calorimetric experiments on the wild-type or mutant PHD1 domain of Rcol proteins were
conducted at 25°C using a MicroCal PEAQ-ITC instrument (Malvern Panalytical). All
proteins and synthetic histone peptides were prepared under the same titration buffer containing
20 mM Tris 7.5, 50 mM NaCl, and 5% glycerol. The protein concentration was determined by
absorbance spectroscopy at 280 nm. Peptides (>95% purity) were quantified by weighing on a
large scale, aliquoted, and freeze-dried for individual use. Acquired calorimetric titration
curves were analyzed using Origin 7.0 (OriginLab) with the “One Set of Binding Sites” fitting
model. The detailed peptide sequence information is H31-joun: ARTKQTARKS.
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HDAC assays

For the Rpd3S deacetylation assays, the H3/H4Kac and H3K36me3 nucleosomes (500nM)
assembled in vitro were treated with different Rpd3S complexes at different concentrations in
a buffer with 20 mM HEPES 7.5, 150mM NaCl, and 0.2 mg/mL BSA at 30°C. For the
differences in enzyme activity caused by different histone modifications and H3K9R mutant,
we adopted the enzyme activity assays in a buffer with 20 mM HEPES 7.5, 150mM NaCl, 0.2
mg/mL BSA and 0.15ug/puL salmon sperm DNA at 30°C. For nucleosome samples, 80 mM
EDTA and 5x SDS-PAGE gel loading buffer were added after 25 minutes. The samples were
boiled for 5 min at 95°C and resolved by 4-20% SDS-PAGE. After transferring to PVDF
membrane, H3K9ac, H3K 14ac, H3K 18ac, H3K23ac, H3K27ac, H4K5ac, H4K8ac, H4K12ac,
H4K16ac, and total H4 were detected by western blot with specific antibodies on separate gels.

Western blot bands were visualized by ECL.
Cross-linking Mass Spectrometry

The purified Rpd3S complex was cross-linked with 5 mM bis (sulfosuccinimidyl) suberate
(BS3) at room temperature for 2h. The reaction was quenched with 40 mM Tris-HCI pH 7.5.
The cross-linked sample was then excised for in-gel digestion and identified by mass
spectrometry. To begin the in-gel digestion process, the sample was disulfide-reduced with 25
mM dithiothreitol (DTT) and alkylated with 55 mM iodoacetamide. In-gel digestion was
performed using sequencing grade-modified trypsin in 50 mM ammonium bicarbonate at 37 °C
overnight. The peptides were extracted twice with 1% trifluoroacetic acid in a 50% acetonitrile
aqueous solution for 30 min. The peptide extracts were then centrifuged in a SpeedVac to

reduce the volume.

For LC-MS/MS analysis, peptides were separated by a 60 min gradient elution at a flow
rate 0.300 pL/min with a Thermo-Dionex Ultimate 3000 HPLC system, which was directly
interfaced with the Thermo Orbitrap Fusion mass spectrometer. The analytical column was a
homemade fused silica capillary column (75 pum ID, 150 mm length; Upchurch, Oak Harbor,
WA) packed with C-18 resin (300 A, 5 um; Varian, Lexington, MA). Mobile phase A consisted
of 0.1% formic acid, and mobile phase B consisted of 100% acetonitrile and 0.1% formic acid.

The Orbitrap Fusion mass spectrometer was operated in the the data-dependent acquisition
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mode using Xcalibur3.0 software, and there was a single full-scan mass spectrum in the
Orbitrap (350-1550 m/z, 120,000 resolution) followed by 3 seconds data-dependent MS/MS
scans in an lon Routing Multipole at 30% normalized collision energy (HCD). The MS/MS
spectra from each LC-MS/MS run were searched against the selected database using Proteome
Discovery searching algorithm (version 1.4). Raw data were processed with pLink2 software>®.

A crosslink network diagram was prepared using xiNET>’.
Computational docking of H31-16K14ac into Rpd3S complex

The readouts of histone H3K4un by the PHDI of Rcol and PHD of BHCS80 are highly
conserved. Additionally, Rpd3 is highly conserved with HDACI1. Based on this information,
structures of the Rpd3S and Rpd3S-H3K36me3 nucleosome complexes, BHC80-PHD (PDB
ID: 2PUY), and HDAC1-H4K16Hx (PDB ID: 5ICN) were prepared for docking using the
protein-preparation wizard in Maestro (Schrodinger Release 2018-1: Maestro, Schrodinger).
Hydrogens were added and the protonation states of titratable amino acids were determined
during the protein-preparation. Docking was then performed using GLIDE/SP-peptide in
Schrodinger®. Histone H31.7K4un was docked into the PHD1 of Rcol-A and histone H312-
16K14ac was docked into the HDAC catalytic pocket of Rpd3. Simultaneously, H3g.11 was
stretched out between H31.7K4un and H312.16K14ac, hindered by hydrogen bond interactions

and steric hindrance.
Spotting assays

The Rcol and mutants, along with their native promoters, were cloned onto pRS415 plasmids.
The plasmids (including control plasmid) were then transformed into the STE11-HIS3 reporter
strain (YBL853). To analyze the growth of the yeast strains, 5-fold serially dilutions of fresh
culture concentrated to an OD600 of 0.4 were spotted onto the SC-Leu (control) and SC-His-

Leu plates until saturation.

To analyze the importance of H3K9ac on yeast growth, we used a CRISPR—Cas9 genome
editing method® to target the HTTI and HTT2 genes and obtain the H3K9R mutant in the
W303-1a strain. The cells were diluted to an OD of 0.4 and 5-fold serially diluted. About 5 uL

of each dilution was spotted on a 100 pg/mL 6-AU plate until saturation.
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Western blotting

To examine the levels of acetylation caused by Rcol mutants in vivo, the Rcol wild type and
mutants, along with their native promoters, were cloned to pRS415 plasmids. The plasmids
were then transformed into an Rcol deleted strain (YBL534). The yeast strains were grown
overnight at 30 °C in Leu medium, diluted to an OD600 of 0.1, and grown for another 8 h to
an OD600 of 0.8-1.0. To examine the changes of H3 and H4 acetylation in an H3K9R mutant
strain, the W303-1a and W303-1a-H3K9R were grown overnight at 30°C in YPD, diluted to
an OD600 of 0.1, and grown for another 8 h to an OD600 of 0.8-1.0. The protein of yeast cells
was extracted as described®®. The samples were boiled for 20 min at 95°C and resolved by 4-
20% SDS-PAGE. After transferring to a PVDF membrane, H3K9ac, H3K14ac, H3K18ac,
H3K23ac, H3K27ac, H3K56ac, H4K5ac, H4K8ac, H4K12ac, H4K16ac, and total H4 were
detected by western blot with specific antibodies on separate gels. Western blot bands were

visualized by ECL.

To examine the levels of H3K56ac caused by Rpd3S complex in vivo, the pRS415-Rcol
and control plasmid were then transformed into the YBL534 strain. The yeast strains were
grown overnight at 30 °C in Leu medium, diluted to an OD600 of 0.1, and grown for another
8 h to an OD600 of 0.8-1.0. H3K9ac, H3K 14ac, H3K18ac, H3K23ac, H3K27ac, H3K56ac,
and total H3 were detected by western blot with specific antibodies on separate gels. Western

blot bands were visualized by ECL.

All yeast strains were constructed using standard procedures and are listed in

Supplemental Table 3.
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Extended Data Figure Legends

Extended Data Figure 1. Protein purification and XL-MS analysis of Rpd3S complex. a-
c. Purification of Rpd3S and mutant complexes. Purification of the Rpd3S and mutant
complexes. The complexes were purified using size-exclusion chromatography (Superose 6),
and the peak fractions were subjected to SDS-PAGE for Coomassie blue staining. The
complexes include: (a) wild-type of Rpd3S complex; (b) Rcol-E260A/D261A of the Rpd3S
complex to disrupt the PHD1 of Rcol; (¢) Rcol-7mutants of Rpd3S complex to disrupt the left
arm region. d. Schematic representation of the intermolecular cross-links within the Rpd3S
complex. The domains of Rpd3S are indicated, and the identified inter-subunit cross-links or
subunit self-links are shown as cyan or modena solid lines, respectively. The special

intermolecular self-links in the C-terminal of Rcol are shown as red solid lines.

Extended Data Figure 2. Data collection and image processing of the Rpd3S complex.
Representative cryo-EM micrograph (a) and 2D class averages (b) of various projection views
of the Rpd3S complex. (¢) Flowchart of the cryo-EM image processing, 3D reconstructions for

the Rpd3S complex, angular distribution, and resolution estimation of the EM maps.

Extended Data Figure 3. Cryo-EM reconstructions and structural model of the Rpd3S
complex. a. Estimated resolution of the cryo-EM reconstructions of the whole Rpd3S complex.
Local resolution estimation of the cryo-EM reconstructions of the head-bridge-right arm region
(b) and the bridge-left arm region (¢) of the Rpd3S complex. d. The locally refined cryo-EM
map of the Rpd3S complex. Close-up views of fragments of Rpd3S subunits with cryo-EM

densities shown as meshes. The residues are shown as sticks representations.

Extended Data Figure 4. Detailed structure of Rcol1-SBD. a. Stereo view of the SBD domain
of Rcol-A shown in cartoon form. Detailed structures of visible SBD domain of Rcol-A (b)
and Rcol-B (c¢). Residues are depicted as sticks. d. Stereo view of the SBD domain of Rcol-A

predicted by AlphaFold.

Extended Data Figure 5. Structural comparison of the PHD domains in Rcol. a and b.
Comparison of the PHD1 and PHD2 of Reol with BHC80-PHD (PDB ID: 2PUY)®". ¢ and d.
Sequence conservation analysis of PHD1 and PHD2 of Rcol with BHC80-PHD.
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Extended Data Figure 6. The interface details between the core enzyme Rpd3 and its
neighboring subunits. a. A global view of the interactions around the core enzyme Rpd3. The
positions of interaction are marked with numbers. Detailed views of the interactions between
Rpd3 and HID-N of Sin3, PHDI1 of Rcol-A, Eaf3-A (b); LoopS of Sin3 (c¢); FHF of Sin3 (d);
HID-C of Sin3 (e); apC of Rcol-A (f); PHD2 of Rcol-A (g). Residues at the interface are

depicted as sticks.

Extended Data Figure 7. Structural comparison of PAH domains. a. PAHI-SAP25 (PDB
ID: 2RMS)*, b. PAH2-Madl (PDB ID: 1G1E)?*®, ¢c. PAH3-Rcol in Rpd3S complex, d. “PAH4”

of Sin3 in the Rpd3S complex. The PAH domains are colored in green.

Extended Data Figure 8. Structural comparison of regulatory modes of HDAC complexes.
a. Close-up view of interactions between the HID domain of Sin3 shown in cartoon and Rpd3
shown in surface representation. b. Comparison of the overall structure and key amino acids in
the basic pocket of HDACs. Rpd3S is colored in blue, HDACI is colored in green, and HDAC3
is colored in purple. c. Structural comparison of HDAC complexes in inositol phosphates
regulation. Rpd3S complex: Rpd3-Sin3, MiDAC complex: HDAC1-MIDEAS (PDB ID:
6221)%2, SMRT complex: HDAC3-SMRT (PDB ID: 4A69)%°, NuRD complex: HDAC1-MTA1

(PDB ID: 4BKX)®. d. Sequence conservation analysis of the 02 of Sin3 from yeast to human.

Extended Data Figure 9. Data collection and image processing of Rpd3S-nucleosome.
Representative cryo-EM micrograph (a) and 2D class averages (b) of various projection views
of Rpd3S-nucleosome. ¢. Flowcharts of the cryo-EM image processing, angular distribution,

and 3D reconstructions for the Rpd3S-nucleosome.

Extended Data Figure 10. Cryo-EM reconstructions of Rpd3S-nucleosome. Local
estimated resolution of the cryo-EM reconstructions of the CHD-nucleosome (a), Rpd3S in

close state (b), and Rpd3S in loose state (c). d. Resolution estimation of the EM maps in a-c.

Extended Data Figure 11. Cryo-EM structure of Rpd3S complex bound to H3K36me3
Nucleosome in the loose state. a. Core Rpd3S complex bound to the H3K36me3 modified
nucleosome in the loose state. b. Stereo view of contact between core Rpd3S complex and

H3K36me3 modified nucleosome in the loose state. Sin3, Rpd3, Eaf3, and Rcol are shown in
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cartoon form. Nucleosome is shown in surface representation. The invisible left arm region is

colored white.

Extended Data Figure 12. The interface details between CHD domains and histone
H3K36me3. a. Detailed view of interactions between CHD and H3 tail. Close-up views of the
loop of CHD and H3 tail for interactions with cryo-EM densities shown as meshes. b. Detailed
view of the interactions between Eaf3*-CHD and the H3K36me3 modified nucleosome. e.
Detailed view of the interactions between Eaf38-CHD and the H3K36me3 modified
nucleosome. The residues of CHDs and H3 tail residues are shown as sticks. The positions of

nucleosomal DNA are labeled with SHL numbers.

Extended Data Figure 13. The site-specificity of antibodies used in HDAC assay. a and b.

Validation of the site-specificity of antibodies used in HDAC assay.

Extended Data Figure 14. The catalytic activity of Rpd3S on H3K4me3K36me3

nucleosome. A representative HDAC assay measuring activity of Rpd3S complex on

H3K4me3K36me3 nucleosome. The reaction products were identified using Western blot.

Extended Data Figure 15. H3K36me3 promotes the catalytic activity of Rpd3S on
nucleosome substrates. A representative HDAC assay measuring the activity of Rpd3S
complex containing wild-type (a), mutants of PHD1 (b), and left arm region (c¢) on H3K36me3

and H3K36me0 nucleosomes. The reaction products were identified using Western blot.

Extended Data Figure 16. The catalytic activity of Rpd3S on H3K9RK36me3 nucleosome.
A representative HDAC assay measuring activity of Rpd3S complex on H3K9RK36me3

nucleosome. The reaction products were identified using Western blot.

Extended Data Figure 17. The HDAC catalytic activity of Rpd3S complex distinctively
on H3K9ac. A representative HDAC assay measuring the activity of Rpd3S complex in

sufficient time, where only H3K9ac can be retained over time.

Extended Data Figure 18. A “seeding mark” model of “Rpd3S-NuA3/NuA4” enzymatic
pairs in balancing chromatin acetylation levels during transcription. The complexes are

shown in a cartoon model. The Rpd3S complex recognizes H3K36me3 and removes most N-
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terminal acetylation marks of H3 and H4, except for H3K9ac. The Rpd3S-resistent H3K9ac,
along with H3K36me3, may serve as “seeding marks” that can recruit NuA3 and NuA4 for the

reestablishment of hyperacetylated histones H3 and H4, respectively.

Extended Data Figure 19. The H3KS56ac modification is not directly affected by the

Rpd3S complex in vivo. Western blot shows H3 acetylation levels at different sites in Rpd3S

wild-type and Rcol-deleted strains. The alterations observed in H3K9ac and H3K56ac are not

significant in comparison to other H3 sites in Rcol-deleted strains.

Extended Data Figure 20. The catalytic models of Rpd3S with di-nucleosome. a. The two
CHD domains of Eaf3-A and Eaf3-B with PHD1 of Rcol-A are involved in recognizing one
nucleosome, and PHD1 of Rcol-B is involved in recognizing another nucleosome. b and c.
Two Rpd3S can bind to two nucleosomes, respectively, at a suitable 40bp linker DNA length.

The latter Rpd3S complexes may be assembled on two nucleosome discs respectively.

Supplementary Table 1. Cryo-EM data collection, refinement, and validation statistics of

Rpd3S complex.

Supplementary Table 2. Cryo-EM data collection, refinement, and validation statistics of

Rpd3S-nucleosome.

Supplementary Table 3. Yeast Strains used in this study.

Supplementary Video 1. Cryo-EM map and model of Rpd3S complex.

Supplementary Video 2. Cryo-EM map and model of CHD-nucleosome.
Supplementary Video 3. Cryo-EM map and model of Rpd3S-nucleosome in close state.
Supplementary Video 4. Cryo-EM map and model of Rpd3S-nucleosome in loose state.

Supplementary Video 5. The dynamic change of Rpd3S complex on nucleosome in H4

deacetylation.

Supplementary Data 1. XL-MS analysis of Rpd3S complex.



353  Extended Data Figure 1
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355 Extended Data Figure 2
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Extended Data Figure 3

357
358



359 Extended Data Figure 4
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361 Extended Data Figure 5
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363 Extended Data Figure 6
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367 Extended Data Figure 8
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369 Extended Data Figure 9
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372 Extended Data Figure 11
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376 Extended Data Figure 13
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378 Extended Data Figure 14
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382 Extended Data Figure 16
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384 Extended Data Figure 17
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3s6 Extended Data Figure 18
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Extended Data Figure 19
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392  Supplementary Table 1. Cryo-EM data collection, refinement, and validation statistics
393  of Rpd3S complex.

Rpd3S complex Rpd3S complex

Rpd3S complex

(head-bridge-right arm) (left arm)
EMDB 33845 33846 33847
PDB 7YI0
Data collection and processing
Magnification 64000 64000 64000
Voltage (kV) 300 300 300
Electron exposure (e/ A?) 50 50 50
Number of frames per movie 32 32 32
Energy filter slit width (eV) 20 20 20
Automation software AutoEMation2 AutoEMation2 AutoEMation2
Defocus range (um) -1.8t0 -2.5 -1.8t0 -2.5 -1.8t0-2.5
Pixel size (A) 1.10 1.10 1.10
Symmetry imposed Cl Cl Cl
Micrographs (no.) 6990 6990 6990
Initial particles images (no.) 2.63 M 2.63 M 2.63 M
Final particles images (no.) 466 K 466 K 466 K
Map resolution (A) 3.2 2.7 3.2
FSC threshold 0.143 0.143 0.143
Map resolution range (A) 2.5-3.5 2.5-3.5 2.7-3.5
Map sharpening B-factor (A?) -147.8 -70.9 -108.1
Refinement
Refinement package Phenix
R.m.s. deviations
Bond lengths (A) 0.003
Bond angles (°) 0.567
Validation
MolProbity score 1.84
Clashscore 8.46
Rotamer outliers (%) 0.93
Cp outliers (%) 0.00
CaBLAM outliers (%) 3.31
EMRinger score 3.23
Overall correlation coefficients
CC (mask) 0.80
CC (box) 0.79
CC (peaks) 0.75
CC (volume) 0.81
Ramachandran plot
Favored (%) 94.33
Allowed (%) 5.67
Disallowed (%) 0.00
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Supplementary Table 2. Cryo-EM data collection, refinement, and validation statistics

of Rpd3S-nucleosome.

CHD-NCP Rpd3S Rpd3S Rpd3S-NCP  Rpd3S-NCP
(close state)  (loose state)  (close state)  (loose state)
EMDB 33848 33850 33849 33851 33852
PDB 7Y11 7YI3 7Y12 7Y14 7YI5
Data collection and processing
Magnification 64000 64000 64000 64000 64000
Voltage (kV) 300 300 300 300 300
Electron exposure (e/ A?) 50 50 50 50 50
Number of frames per movie 32 32 32 32 32
Energy filter slit width (eV) 20 20 20 20 20
Automation software AutoEMatio  AutoEMatio  AutoEMatio = AutoEMatio  AutoEMatio
n2 n2 n2 n2 n2
Defocus range (um) -1.8t0-2.5 -1.8t0-2.5 -1.8t0-2.5 -1.8t0-2.5 -1.8t0-2.5
Pixel size (A) 1.08 1.08 1,08 1.08 1.08
Symmetry imposed Cl1 Cl1 Cl Cl Cl
Micrographs (no.) 10786 10786 10786 10786 10786
Initial particles images (no.) 259 M 259 M 2.59M 2.59M 2.59M
Final particles images (no.) 427K 87.7K 89.6K 87.7K 89.6 K
Map resolution (A) 2.8 33 34 4.0 4.0
FSC threshold 0.143 0.143 0.143 0.143 0.143
Map resolution range (A) 2.5-6.0 2.8-5.8 2.8-6.0 3.5-9.5 3.5-10.0
Map sharpening B-factor (A?)  -85.2 -85.0 -100.5 -113.143 -120.048
Refinement
Refinement package Phenix Phenix Phenix Phenix Phenix
R.m.s. deviations
Bond lengths (A) 0.003 0.003 0.003 0.004 0.005
Bond angles (°) 0.562 0.523 0.594 0.608 0.662
Validation
MolProbity score 1.40 1.83 1.95 1.81 2.01
Clashscore 7.33 7.77 9.63 10.64 15.59
Rotamer outliers (%) 0.37 0.00 0.23 0.00 0.00
Cp outliers (%) 0.00 0.00 0.00 0.00 0.00
CaBLAM outliers (%) 0.98 2.93 3.59 2.18 2.35
EMRinger score 2.94 2.60 2.10 0.23 0.30
Overall correlation
CC (mask) 0.84 0.77 0.77 0.82 0.84
CC (box) 0.81 0.73 0.75 0.85 0.87
CC (peaks) 0.74 0.62 0.62 0.77 0.78
CC (volume) 0.82 0.75 0.75 0.82 0.84
Ramachandran plot
Favored (%) 98.09 93.91 93.12 96.13 95.49
Allowed (%) 1.91 6.09 6.88 3.87 4.51
Disallowed (%) 0.00 0.00 0.00 0.00 0.00
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Supplementary Table 3. Yeast Strains used in this study.

Strains Genotypes Source
W303-1a MATa, leu2-3, 112, ura3-1, his3-11,15, trpl-1, ade2-1, canl-100 Q. Li
YBL534 MATa, his341 leu2A0 metl1 540 ura340 RCOI1A:: KANMX6 B. Li
YBLS853 MATa, his341 leu240 met1540 ura340 RCOI1A::KANMX6 STEI1lI- B. Li

1870::HIS3
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