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

 Map 1 
(EMD-10465) 
(PDB 6TDA) 

Map 2 
(EMD-10465) 
 

Map 3 
(EMD-10465) 
 

Map 4 
(EMD-10465) 
 

Data collection and processing     
Magnification    130,000 130,000 130,000 130,000 
Voltage (kV) 300 300 300 300 
Electron exposure (e–/Å2) 47.8 / 45.4* 47.8 / 45.4* 47.8 / 45.4* 39.0† / 45.2† / 54.9‡ 
Defocus range (μm) 0.4 – 2.9 0.4 – 2.9 0.4 – 2.9 0.8 – 4.8 
Pixel size (Å) 1.05 1.05 1.05 1.05 
Symmetry imposed C1 C1 C1 C1 
Initial particle images (no.) 1,232,532 1,232,532 1,232,532 1,009,020 
Final particle images (no.) 372,442 106,474 35,972 176,594 
Map resolution (Å) 
    FSC threshold 

~15# 3.6 
0.143 

4.3 
0.143 

3.8 
0.143 

Map resolution range (Å)  3.4 – 5.3 3.7 – 7.8 3.7 – 4.5 
     
Refinement     
Initial model used (PDB code) 5Z3U, 3LJW, 

1UHR, 2FQ3, 
2YUS, 1TOT, 
4V3Q, 6AX5 

   

Model resolution (Å) 
    FSC threshold 

    

Map sharpening B factor (Å2)     
Model composition 
    Non-hydrogen atoms 
    Protein / Nucleotide residues 
    Ligands 

 
42,578 
4817 / 320 
1x Zn 

   

B factors (Å2) 
    Protein 
    Ligand 
    Nucleotide 

    

R.m.s. deviations 
    Bond lengths (Å) 
    Bond angles (°) 

 
0.005 
0.947 

   

 Validation 
    MolProbity score 
    Clashscore 
    Poor rotamers (%)    

 
1.82 
7.27 
1.37 

   

 Ramachandran plot 
    Favored (%) 
    Allowed (%) 
    Disallowed (%) 

 
95.50 
4.27 
0.23 

   

 
 
  



 Map 5 
(EMD-10465) 
 

Map 6 
(EMD-10465) 
 

Map 7 
(EMD-10465) 
(PDB 6TDA)§ 

Map 8 
(EMD-10465) 
(PDB 6TDA)§ 

Data collection and processing     
Magnification    130,000 130,000 130,000 130,000 
Voltage (kV) 300 300 300 300 
Electron exposure (e–/Å2) 39.0† / 45.2† / 54.9‡ 39.0† / 45.2† / 54.9‡ 47.8 / 45.4* 39.0† / 45.2† / 54.9‡ 
Defocus range (μm) 0.8 – 4.8 0.8 – 4.8 0.4 – 2.9 0.8 – 4.8 
Pixel size (Å) 1.05 1.05 1.05 1.05 
Symmetry imposed C1 C1 C1 C1 
Initial particle images (no.) 1,009,020 1,009,020 1,232,532 1,009,020 
Final particle images (no.) 176,594 176,594 106,474 / 35,972 176,594 
Map resolution (Å) 
    FSC threshold 

3.6 
0.143 

3.6 
0.143 

3.9 
0.143 

3.6 
0.143 

Map resolution range (Å) 3.5 – 5.4 3.5 – 5.7 3.5 – 7.5 3.5 – 5.5 
     
Refinement     
Initial model used (PDB code)   5Z3U 3LJW, 1UHR, 

2FQ3, 2YUS, 
1TOT, 4V3Q, 6AX5 

Model resolution (Å) 
    FSC threshold 

  3.6 
0.5 

3.7 
0.5 

Map sharpening B factor (Å2)   -152.1 -105.7 
Model composition 
    Non-hydrogen atoms 
    Protein / Nucleotide residues 
    Ligands 

   
13,648 
1,274 / 246 
0 

 
20,260 
2646 / - 
1x Zn 

B factors (Å2) 
    Protein 
    Ligand 
    Nucleotide 

   
106.52 
 
119.35 

 
68.91 
61.21 

R.m.s. deviations 
    Bond lengths (Å) 
    Bond angles (°) 

   
0.004 
0.749 

 
0.005 
0.995 

 Validation 
    MolProbity score 
    Clashscore 
    Poor rotamers (%)    

   
1.17 
3.79 
0.00 

 
1.77 
7.26 
0.05 

 Ramachandran plot 
    Favored (%) 
    Allowed (%) 
    Disallowed (%) 

   
98.07 
1.93 
0.00 

 
94.57 
5.39 
0.05 

 



Supplementary Table 1 | RSC subunit modelling. 
 

Subunit / 
Chain ID Domain Residue 

range 

PDB entry of 
homology model / 

Modelling algorithm 
Changes to homology model 

 
H2A / 
C + G 

 
Histone 

 
15-116 
15-116 

5Z3U, 
without chain O 

 

UCSF Chimera, 
Namdinator, 

PHENIX real space refinement 
 

H4 (B) 15-22 stubbed 
 

Removed residues (see residue 
range) 

H2B / 
D + H 

Histone 30-121 
30-121 

H3 / 
A + E Histone 39-134 

40-134 
H4 / 

B + F Histone 15-101 
21-102 

DNA / I Nucl. DNA 2-124 

DNA / J Nucl. DNA 24-146 

DNA / I Upstream DNA -35-1 
B-DNA / 3D-DART UCSF Chimera, 

PHENIX geometry minimization DNA / J Upstream DNA 125-183 

Sfh1 / K N-term. 1-150 not modelled  

Sfh1 / K  151-186 COOT, density guided 
de novo modelling  

Sfh1 / K  187-198 not modelled  

Sfh1 / K  198-201 COOT, density guided 
de novo modelling  

Sfh1 / K RPT1 202-267 6ax5 / SWISS UCSF Chimera, COOT, density 
+ model guided building 

Sfh1 / K  268-274 COOT, density guided 
de novo modelling  

Sfh1 / K RPT2 275-341 6ax5 / SWISS UCSF Chimera, COOT, density 
+ model guided building 

Sfh1 / K  342-346 COOT, density guided 
de novo modelling  

Sfh1 / K Poly-alanine 347-360 COOT, density guided 
de novo modelling  

Sfh1 / K  361-372 not modelled  

Sfh1 / K Docking helix 373-408 COOT, density guided 
de novo modelling  

Sfh1 / K C-term. 408-426 not modelled  

Rsc8 / L N-term. 1-58 not modelled  

Rsc8 / L  59-86 COOT, density guided 
de novo modelling  

Rsc8 / L SWIRM 87-169 2FQ3 / SWISS UCSF Chimera, COOT, density 
+ model guided building 

Rsc8 / L  170-197 COOT, density guided 
de novo modelling  



Rsc8 / L  198-256 not modelled  

Rsc8 / L Zn finger 257-307 1TOT / SWISS UCSF Chimera, COOT, density 
+ model guided building 

Rsc8 / L  308-314 not modelled  

Rsc8 / L SANT 315-359 2YUS / SWISS UCSF Chimera, COOT, density 
+ model guided building 

Rsc8 / L  360-368 COOT, density guided 
de novo modelling  

Rsc8 / L  369-385 not modelled  

Rsc8 / L Long helix 386-401 COOT, density guided 
de novo modelling  

Rsc8 / L Long helix 402-404 not modelled  

Rsc8 / L Long helix 405-492 COOT, density guided 
de novo modelling  

Rsc8 / L C-term. 493-557 not modelled  

Rsc8 / L N-term. 1001-1081 not modelled  

Rsc8 / L  1082-1086 
COOT, density guided 

de novo modelling  

Rsc8 / L SWIRM 1087-1169 2FQ3 / SWISS UCSF Chimera, COOT, density 
+ model guided building 

Rsc8 / L  1170-1202 COOT, density guided 
de novo modelling  

Rsc8 / L Zn finger 1203-1310 not modelled  

Rsc8 / L  1311-1314 COOT, density guided 
de novo modelling  

Rsc8 / L SANT 1315-1359 2YUS / SWISS UCSF Chimera, COOT, density 
+ model guided building 

Rsc8 / L  1360-1370 COOT, density guided 
de novo modelling  

Rsc8 / L  1371-1421 not modelled  

Rsc8 / L Long helix 1422-1488 COOT, density guided 
de novo modelling  

Rsc8 / L C-term. 1489-1557 not modelled  

Npl6 / M N-term. 1-322 not modelled  

Npl6 / M  323-376 COOT, density guided 
de novo modelling  

Npl6 / M  377-380 not modelled  

Npl6 / M  381-434 COOT, density guided 
de novo modelling  

Npl6 / M C-term. 435 not modelled  

Rsc9 / N N-term. 1-55 not modelled  



Rsc9 / N  56-80 
COOT, density guided 

de novo modelling  

Rsc9 / N Armadillo 81-161 COOT, density guided 
de novo modelling  

Rsc9 / N Armadillo 160-319 4V3Q / SWISS UCSF Chimera, COOT, density 
+ model guided building 

Rsc9 / N Armadillo 320-346 COOT, density guided 
de novo modelling  

Rsc9 / N  347-359 COOT, density guided 
de novo modelling  

Rsc9 / N Zn finger 360-516 not modelled  

Rsc9 / N  517-524 COOT, density guided 
de novo modelling  

Rsc9 / N Armadillo 525-578 COOT, density guided 
de novo modelling  

Rsc9 / N C-term. 579-581 not modelled  

Rsc6 / O N-term. 1-5 not modelled  

Rsc6 / O  6-61 COOT, density guided 
de novo modelling  

Rsc6 / O  62-227 not modelled  

Rsc6 / O SWIB 228-269 1UHR / SWISS UCSF Chimera, COOT, density 
+ model guided building 

Rsc6 / O  270-312 not modelled  

Rsc6 / O SWIB 313-343 1UHR / SWISS UCSF Chimera, COOT, density 
+ model guided building 

Rsc6 / O  344-391 not modelled  

Rsc6 / O  392-462 COOT, density guided 
de novo modelling  

Rsc6 / O  463-468 not modelled  

Rsc6 / O  469-480 COOT, density guided 
de novo modelling  

Rsc6 / O C-term. 481-483 not modelled  

Rsc58 / P N-term. 1-9 not modelled  

Rsc58 / P Bromo 10-36 COOT, density guided 
de novo modelling  

Rsc58 / P Bromo 37-71 not modelled  

Rsc58 / P Bromo 72-121 3LJW / SWISS UCSF Chimera, COOT, density 
+ model guided building 

Rsc58 / P Bromo 122-139 COOT, density guided 
de novo modelling  

Rsc58 / P  140-168 not modelled  

Rsc58 / P  169-316 COOT, density guided 
de novo modelling  



Rsc58 / P  317-387 not modelled  

Rsc58 / P  388-491 COOT, density guided 
de novo modelling  

Rsc58 / P C-term. 492-502 not modelled  

Htl1 / Q N-term. 1-16 not modelled  

Htl1 / Q  17-74 COOT, density guided 
de novo modelling  

Htl1 / Q C-term. 75-78 not modelled  

Rsc4 / R N-term. / Tandem 
bromo 1-443 not modelled  

Rsc4 / R Sheet bundle 1 444-536 COOT, density guided 
de novo modelling  

Rsc4 / R  537-587 not modelled  

Rsc4 / R Sheet bundle 2 588-625 COOT, density guided 
de novo modelling  

Sth1 / S N-term. 1-47 not modelled  

Sth1 / S  48-134 COOT, density guided 
de novo modelling  

Sth1 / S  135-156 not modelled  

Sth1 / S  157-297 COOT, density guided 
de novo modelling  

Sth1 / S  298-321 not modelled  

Sth1 / S HSA 322-369 4I6M:C / 
Used as deposited 

UCSF Chimera, rigid-body 
docking together with ARP 

module 
 

Removed residues (see residue 
range) 

 
Amino acid residues mutated to 

Sth1-HSA (see Methods) 
 

Side chains stubbed 

Sth1 / S  370-392 not modelled  

Sth1 / S ATPase 

modelled: 
393-407 
447-662, 
677-734, 
754-940, 
976-1006 

not modelled: 
408-446, 
663-676, 
735-753, 
941-975 

5Z3U:O / Rosetta 

UCSF Chimera, 
PHENIX real space refinement 

 
Side chains stubbed 

 
Removed residues (see residue 

range) 



Sth1 / S 
Bromo, 
C-term. 1007-1359 not modelled  

Arp7 /T 

ARP module Same as in 
PDB entry 4I6M UCSF Chimera, rigid-body 

docking Arp9 / U 

Rtt102 / V 

Chain X poly-alanine  COOT, density guided 
de novo modelling  
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2)')%!)%5!=��'88!)')%!)%5'8'#'80! !>5�#9%�3)*'))* 9�88�6%#&%) 3!'� "� ! #)%#)* 9%&(� 8 & #$>)'/8 8 & #$>3'%#) C)>��D )*�$!! 5)%�#;#E'��#9%�3 $<*  C'5)!'3"8 !%F +G,9�� '5* C" �%3 #)'8&��("E5�#$%)%�#>&%7 #'!'$%!5� ) #(3/ �'#$(#%)�93 '!(� 3 #)?!)') 3 #)�#6* )* �3 '!(� 3 #)!6 � )': #9��3$%!)%#5)!'3"8 !��6* )* �)* !'3 !'3"8 6'!3 '!(� $� " ') $80<* !)')%!)%5'8) !)+!,(! $?4H6* )* �)* 0'� �# I��)6�I!%$ $JGKLMNOPPOGMQRSQSMSTOUKVMWRMVRSNXYWRVMSOKRKLMWLMGZPR[MVRSNXYWRMPOXRMNOP\KR]MQRNTGŶURSMYGMQTRM_RQTOVSMSRNQYOG̀?$ !5�%")%�#�9'885�7'�%') !) !) $?$ !5�%")%�#�9'#0'!!(3")%�#!��5��� 5)%�#!>!(5*'!) !)!�9#��3'8%)0'#$'$a(!)3 #)9��3(8)%"8 5�3"'�%!�#!?9(88$ !5�%")%�#�9)* !)')%!)%5'8"'�'3 ) �!%#58($%#&5 #)�'8) #$ #50+ ;&;3 '#!,���)* �/'!%5 !)%3') !+ ;&;� &� !!%�#5� 99%5% #),?4H7'�%')%�#+ ;&;!)'#$'�$$ 7%')%�#,��'!!�5%') $ !)%3') !�9(#5 �)'%#)0+ ;&;5�#9%$ #5 %#) �7'8!,=��#(88*0"�)* !%!) !)%#&>)* ) !)!)')%!)%5+ ;&;b>Q>X,6%)*5�#9%$ #5 %#) �7'8!> 99 5)!%F !>$ &�  !�99�  $�3'#$c7'8( #�) $dYeRMcMeZKURSMZSMR]ZNQMeZKURSMfTRGReRXMSUYQZWKR̀=��g'0 !%'#'#'80!%!>%#9��3')%�#�#)* 5*�%5 �9"�%��!'#$D'�:�75*'%#D�#) �'�8�! ))%#&!=��*% �'�5*%5'8'#$5�3"8 C$ !%&#!>%$ #)%9%5')%�#�9)* '""��"�%') 8 7 89��) !)!'#$9(88� "��)%#&�9�()5�3 !A!)%3') !�9 99 5)!%F !+ ;&;��* #h!V>B '�!�#h!X,>%#$%5')%#&*�6)* 06 � 5'85(8') $JUXMfRWMNOKKRNQYOGMOGMSQZQYSQYNSMiOXMWYOKOjYSQSMNOGQZYGSMZXQYNKRSMOGMPZGLMOiMQTRM\OYGQSMZWOeR̀2�9)6'� '#$5�$ B�8%50%#9��3')%�#'/�()'7'%8'/%8%)0�95�3"() �5�$ H')'5�88 5)%�#H')''#'80!%!

=��3'#(!5�%")!()%8%F%#&5(!)�3'8&��%)*3!��!�9)6'� )*')'� 5 #)�'8)�)* � ! '�5*/()#�)0 )$ !5�%/ $%#"(/8%!* $8%) �')(� >!�9)6'� 3(!)/ 3'$ '7'%8'/8 )� $%)��!E� 7% 6 �!;k !)��#&80 #5�(�'& 5�$ $ "�!%)%�#%#'5�33(#%)0� "�!%)��0+ ;&;l%)m(/,;2  )* 4')(� 1 ! '�5*&(%$ 8%# !9��!(/3%))%#&5�$ @!�9)6'� 9��9(�)* �%#9��3')%�#;H')'B�8%50%#9��3')%�#'/�()'7'%8'/%8%)0�9$')'?883'#(!5�%")!3(!)%#58($ '$')''7'%8'/%8%)0!)') 3 #);<*%!!)') 3 #)!*�(8$"��7%$ )* 9�88�6%#&%#9��3')%�#>6* � '""8%5'/8 -I?55 !!%�#5�$ !>(#%n( %$ #)%9% �!>��6 /8%#:!9��"(/8%580'7'%8'/8 $')'! )!I?8%!)�99%&(� !)*')*'7 '!!�5%') $�'6$')'I?$ !5�%")%�#�9'#0� !)�%5)%�#!�#$')''7'%8'/%8%)0

B��9;H�;B')�%5:��'3 �4�7op>qpor

ss
s
ss
s
s
sss

=AtABuo;op>".%#:q+7 �!%�#q;v;o,
1A.tw4v;p>k'�"o;p;xEo;p;y>u�2=�*%3 �'+7 �!%�#o;oo;q,>u�2=�*%3 �'z+7 �!%�#p;ro,>�ww<+7 �!%�#p;{;r;q,>BmA4tz+7 �!%�#o;ox,>B0D�8+25*�|$%#& �..�7 �!%�#o;{;};o,>?8%# o;p;pq~>z8%#:?#'80F �o;o;o>4'3$%#')��+�#8%# 7 �!%�#?"�%8qporI?(&(!)qpor,>vHIH?1<+�#8%# 7 �!%�#?"�%8qporI?(&(!)qpor,>D2?B��/!+�#8%# 7 �!%�#p;r;y,>A2B�%")+6 /! �7 ��(80qporI?(&(!)qpor,>1wgA<<?+�#8%# 7 �!%�#= /�('�0qporI?(&(!)qpor,>C�%!+�#8%# 7 �!%�#= /�('�0qporI?(&(!)qpor,>�(%5:qH+�#8%# 7 �!%�#?(&(!)qpo{I?(&(!)qpor,>B2tB1AH+�#8%# 7 �!%�#= /�('�0qporI�(80qpor,>D�8"��/%)0"8(&%#+BmA4tz,>z%4 )+�#8%# 7 �!%�#�(# qporI?(&(!)qpor,>2kt22IDwHA.+�#8%# 7 �!%�#w5)�/ �qpo{I?(&(!)qpor,>D�8"��/%)0+�#8%# 7 �!%�#�(# qporI?(&(!)qpor,

<* 5���$%#') 9%8 9��)* 12�I#(58 �!�3 5�3"8 C!)�(5)(� 6'!$ "�!%) $6%)*)* B��) %#H')'g'#:6%)*'55 !!%�#5�$ x<H?;<* 5�0�IAD$ #!%)03'"!(! $9��3�$ 8/(%8$%#&6 � '88$ "�!%) $6%)*)* A8 5)��#D%5��!5�"0H')'g'! +ADHg,6%)*'55 !!%�#5�$ ADHIop}x~;



�

������������	
����
�����
���
������������

�������
�����������

=% 8$I!" 5%9%5� "��)%#&B8 '! ! 8 5))* �# / 8�6)*')%!%!)* / !)9%)9��0�(�� ! '�5*;t9t90�('� #�)!(� >� '$)* '""��"�%') ! 5)%�#!/ 9�� 3':%#&0�(�! 8 5)%�#;.%9 !5% #5 ! g *'7%�(�'8@!�5%'8!5% #5 ! A5�8�&%5'8> 7�8()%�#'�0@ #7%��#3 #)'8!5% #5 !=��'� 9 � #5 5�"0�9�9)* $�5(3 #)6%)*'88! 5)%�#!>!  #')(� ;5�3E$�5(3 #)!E#�I� "��)%#&I!(33'�0I98');"$9.%9 !5% #5 !!)($0$ !%&#?88!)($% !3(!)$%!58�! �#�#)* ! "�%#)! 7 #6* #)* $%!58�!(� %!%!# &')%7 ;2'3"8 !%F 
H')' C58(!%�#!
1 "8%5')%�#1'#$�3%F')%�#g8%#$%#&1 "��)%#&9��!" 5%9%53') �%'8!>!0!) 3!'#$3 )*�$!k k � n(%� %#9��3')%�#9��3'()*��!'/�()!�3 )0" !�9�93') �%'8!> C" �%3 #)'8!0!) 3!'#$3 )*�$!(! $%#%#3'#0!)($% !;m � >%#$%5') 6* )* � '5*3') �%'8>!0!) 3����3 )*�$8%!) $%!%!� 8 7'#))�)�0�(�!)($0;t9t90�('� #�)!(� %9%9'8%!)%) 3'""8% !)�)�0�(�� ! '�5*>� '$)* '""��"�%') ! 5)%�#/ 9�� ! 8 5)%#&'� !"�#! ;D') �%'8!@ C" �%3 #)'8!0!) 3!#E't#7�87 $%#%#)* !)($0?#)%/�$% !A(:'�0�)%55 888%# !B'8' �#)�8�&0?#%3'8!'#$�)* ���&'#%!3!m(3'#� ! '�5*"'�)%5%"'#)!�8%#%5'8$')'

D )*�$!#E't#7�87 $%#%#)* !)($0�*tBI! n=8�650)�3 )�0D1tI/'! $# (��%3'&%#&

A(:'�0�)%55 888%# !B�8%50%#9��3')%�#'/�()5 888%# !� 888%# !�(�5 +!,
?()* #)%5')%�#D05�"8'!3'5�#)'3%#')%�#��33�#803%!%$ #)%9% $8%# !+2  t�.?�� &%!) �,

s

2)�(5)(�'8$')'6'!5�88 5) $�#�#)6�%#$ " #$ #)80"� "'� $!'3"8 !;4�4�!)')%!)%5'83 )*�$!6 � (! $)�)�"� $ ) �3%# )* !'3"8 !%F ;=��5�0�IAD>)* !'3"8 !%F !6 � $ ) �3%# $/0/0'7'%8'/8  8 5)��#3%5��!5�"03 '!(�%#&)%3 '#$$ #!%)0�9�9)* "'�)%58 !�#�#)* !'3"8 &�%$!;2)')%!)%5!� &'�$%#&5�0�IAD'#'80!%!*'7 '88/  #$ )'%8 $%#%#)* 3 )*�$!! 5)%�#;4�4�$')'6 � "� I C58($ $9��3)* '#'80! !;.�6n('8%)0$')'9��35�0�IAD6'!!��) $�()%#%#1A.tw4)�)�� '5**%&*� !�8()%�#6%)*5�%) �%'"� I !)'/8%!* $%#%#1A.tw4;���!!I8%#:%#&3'!!!" 5)��3 )�0 C" �%3 #)!6 � " �9��3 $%#%#$("8%5') !6%)*� "��$(5%/8 � !(8)!;
2'3"8 !6 � #�)'88�5') $)�)�&��("!;
t#7 !)%&')��!6 � #�)/8%#$ $$(�%#&$')''5n(%!%)%�#'#$'#'80!%!/ 5'(! %)%)%!%!#�)'5�33�#"��5 $(� 9��)* 3 )*�$! 3"8�0 $;

s sssss

sss

2'55*'��305 !5 � 7%!%' >12�qI<?BImt2v0 '!)!)�'%#+�2�ooyyI�.1v~yk,>H*'�3'5�#<?BI)'&& $�" #� '$%#&9�'3 +w1=,8%/�'�04;?;
� 88!6 � #�)) !) $9��305�"8'!3';
#�# 



Nature  |  www.nature.com  |  1

Article

Structure of SWI/SNF chromatin remodeller 
RSC bound to a nucleosome

Felix R. Wagner, Christian Dienemann, Haibo Wang, Alexandra Stützer, Dimitry Tegunov, 
Henning Urlaub & Patrick Cramer ✉

In the format provided by the 
authors and unedited

Supplementary information

https://doi.org/10.1038/s41586-020-2088-0

Nature  |  www.nature.com/nature



RSC

*140
115

80
65

50

40

30

25
15
10

kDa

140
115

80

65

50

40

30

25

15
10

kDa
RSC + nucleosome

Supplementary Figure 1

Extended Data Figure 1a Extended Data Figure 1b


	Supplementary Table 1 | RSC subunit modelling.
	Structure of SWI/SNF chromatin remodeller RSC bound to a nucleosome


