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Materials	
  and	
  Methods	
  
	
  
	
  
Complex	
  preparation	
  and	
  crystallization	
  
	
  
The	
  S.cerevisiae	
  Sir3p	
  BAH	
  D205N	
  was	
  a	
  generous	
  gift	
  of	
  Dr.	
  R.	
  Sternglanz	
  (55).	
  The	
  
domain	
   was	
   expressed	
   in	
   BL21(DE3)pLysS	
   E.	
   coli	
   as	
   an	
   C-­‐terminal	
   hexahistidine	
  
fusion	
   at	
   18°C.	
   The	
   BAH	
   domain	
   was	
   purified	
   by	
   metal	
   affinity	
   chromatography	
  
using	
  NiNTA	
  resin	
  (Qiagen),	
  and	
  further	
  purified	
  to	
  homogeneity	
  on	
  HiPrep	
  Q	
  16/10	
  
FF	
  anion	
  exchange	
  column	
  and	
  Superdex	
  200	
  26/60	
  size	
  exclusion	
  chromatography	
  
(GE	
  Healthcare).	
  Recombinant	
  Xenopus	
  core	
  histones	
  were	
  expressed,	
  purified	
  and	
  
assembled	
   with	
   a	
   variant	
   of	
   the	
   Widom	
   601	
   DNA	
   sequence	
   with	
   three	
   altered	
  
residues	
   (see	
  PDB)	
   into	
   the	
  nuclesome	
   core	
  particle	
   essentially	
   as	
  described	
   (56).	
  
The	
   complex	
   of	
   the	
  BAH	
  domain	
   and	
  nucleosome	
   core	
  particle	
  was	
   assembled	
  by	
  
mixing	
  the	
  BAH	
  domain	
  with	
  nucleosome	
  core	
  particle	
  in	
  a	
  3:1	
  molar	
  ratio	
  followed	
  
by	
   Superose	
   6	
   size	
   exclusion	
   chromatography	
   (GE	
   Healthcare).	
   The	
   resultant	
  
complex	
   was	
   concentrated	
   to	
   8-­‐12	
   mg/ml	
   and	
   crystals	
   were	
   grown	
   by	
   vapor	
  
diffusion	
  at	
  20°C	
  using	
  4%	
  PEG	
  400,	
  0.1	
  M	
  potassium	
  chloride,	
  0.01	
  M	
  magnesium	
  
chloride	
  and	
  0.05	
  M	
  Hepes	
  pH	
  7.0.	
  Crystals	
  were	
  transferred	
  from	
  0	
  to	
  27%	
  PEG	
  400	
  
in	
   2%	
   increments	
   with	
   10-­‐15	
   minutes	
   between	
   each	
   step.	
   Crystals	
   were	
   then	
  
transferred	
   to	
   4°C	
   and	
   after	
   12	
   hours	
   flash	
   frozen	
   in	
   liquid	
   nitrogen	
   for	
   data	
  
collection.	
  This	
  post-­‐crystallization	
  cryo-­‐treatment	
  improved	
  diffraction	
  from	
  6Å	
  to	
  
3Å.	
  
	
  
Data	
  collection	
  and	
  crystallographic	
  analysis	
  
Diffraction	
  data	
  were	
  collected	
  using	
  an	
  ADSC	
  Quantum	
  315	
  CCD	
  detector	
  at	
  
Advanced	
  Photon	
  Source’s	
  NE-­‐CAT	
  beamline	
  24-­‐ID-­‐E	
  and	
  the	
  data	
  processed	
  using	
  
the	
  iMosflm	
  (57)	
  and	
  CCP4	
  package	
  (58).	
  The	
  structure	
  was	
  solved	
  by	
  molecular	
  
replacement	
  using	
  Phaser	
  (59)	
  and	
  a	
  search	
  model	
  containing	
  two	
  rigid	
  bodies:	
  the	
  
histone	
  octamer	
  with	
  histone	
  tails	
  removed	
  ,	
  and	
  the	
  147	
  bp	
  human	
  α-­‐satellite	
  DNA	
  
(PDB	
  ID	
  1KX5	
  (60))	
  with	
  the	
  DNA	
  bases	
  manually	
  changed	
  to	
  match	
  the	
  DNA	
  
sequence.	
  The	
  difference	
  electron	
  density	
  map	
  after	
  one	
  round	
  of	
  refinement	
  of	
  the	
  
molecular	
  replacement	
  solution	
  showed	
  clear	
  positive	
  electron	
  density	
  for	
  the	
  BAH	
  
on	
  both	
  sides	
  of	
  the	
  nucleosome.	
  This	
  density	
  was	
  fitted	
  with	
  the	
  BAH	
  domain	
  (1-­‐
214)	
  (PDB	
  ID	
  2FVU	
  (55))	
  and	
  crystallographic	
  refinement	
  was	
  carried	
  out	
  using	
  
BusterTNT	
  (61)	
  and	
  PHENIX	
  (62)	
  together	
  with	
  manual	
  model	
  building	
  in	
  COOT	
  
(63).	
  The	
  stereochemistry	
  of	
  the	
  protein	
  components	
  was	
  analyzed	
  using	
  
Molprobity	
  (64)	
  and	
  PROCHECK	
  (65).	
  	
  	
  Root	
  mean	
  square	
  differences	
  (rmsd)	
  were	
  
calculated	
  using	
  the	
  CCP4	
  package	
  (58).	
  All	
  molecular	
  graphics	
  were	
  prepared	
  using	
  
PyMOL	
  software	
  (http://www.pymol.org/	
  )	
  with	
  electrostatic	
  potentials	
  calculated	
  
using	
  APBS	
  (66).	
  Secondary	
  structure	
  was	
  analyzed	
  using	
  KSDSSP	
  (67)	
  and	
  
secondary	
  structure	
  figure	
  prepared	
  with	
  help	
  of	
  JALVIEW	
  (68).	
  
	
  
	
  

	
  



	
  
Sedimentation	
  Velocity	
  Analytical	
  Ultracentrifugation	
  Studies	
  
Sedimentation	
  Velocity	
  experiments	
  were	
  conducted	
  using	
  an	
  analytical	
  
ultracentrifuge	
  (Beckman	
  Coulter)	
  equipped	
  with	
  an	
  absorption	
  optical	
  scanner.	
  	
  
BAH	
  protein	
  was	
  dialyzed	
  overnight	
  into	
  20mM	
  Hepes	
  7.5,	
  150	
  mM	
  NaCl,	
  1	
  mM	
  
DTT.	
  The	
  protein	
  was	
  then	
  quantified	
  by	
  UV	
  absorption	
  at	
  280	
  nm.	
  Serial	
  dilutions	
  
were	
  prepared	
  to	
  a	
  final	
  volume	
  of	
  400µl	
  and	
  then	
  placed	
  in	
  AUC	
  chamber	
  pre-­‐
equilibrated	
  at	
  20°C	
  and	
  kept	
  at	
  zero-­‐rpm	
  at	
  20°C	
  for	
  1	
  hour	
  under	
  vacuum.	
  Runs	
  
were	
  performed	
  at	
  20°C	
  at	
  rotor	
  speed	
  of	
  50K	
  rpm	
  overnight.	
  Scans	
  were	
  collected	
  
at	
  280-­‐250-­‐230	
  nm,	
  with	
  radial	
  step	
  size	
  of	
  0.003	
  cm	
  and	
  continuous	
  scanning	
  mode	
  
at	
  approximately	
  one	
  minute	
  intervals.	
  Data	
  analysis	
  was	
  performed	
  with	
  the	
  
software	
  SEDFIT,	
  using	
  a	
  sedimentation	
  coefficient	
  distribution	
  model	
  c(s).	
  Peaks	
  
were	
  integrated	
  to	
  determine	
  the	
  weighted-­‐average	
  sedimentation	
  coefficients,	
  and	
  
the	
  data	
  were	
  assembled	
  into	
  an	
  isotherm	
  and	
  analyzed	
  with	
  the	
  software	
  SEDPHAT	
  
with	
  a	
  dimerization	
  model	
  following	
  the	
  law	
  of	
  mass	
  action.	
  Protein	
  partial	
  specific	
  
volume,	
  buffer	
  density	
  and	
  buffer	
  viscosity	
  were	
  obtained	
  using	
  the	
  software	
  
SEDNTERP.	
  



SOM	
  Text	
  
	
  
Additional	
  information	
  to	
  complex	
  preparation	
  
Complexes	
  formed	
  between	
  the	
  WT	
  Sir3	
  BAH	
  domain	
  and	
  a	
  nucleosome	
  core	
  
particle	
  were	
  not	
  stable	
  as	
  judged	
  by	
  size	
  exclusion	
  chromatography,	
  whereas	
  
complexes	
  of	
  the	
  nucleosome	
  with	
  BAHSir3	
  (which	
  contains	
  residues	
  1-­‐214	
  of	
  Sir3	
  
D205N)	
  co-­‐migrated	
  as	
  a	
  single	
  peak	
  following	
  size	
  exclusion	
  chromatography.	
  
From	
  this	
  purified	
  complex	
  three-­‐dimensional	
  crystals	
  were	
  obtained	
  which	
  
diffracted	
  anisotropically	
  to	
  4-­‐6	
  Å.	
  	
  Post-­‐crystallisation	
  stabilization	
  treatment	
  
reduced	
  anisotropy	
  and	
  allowed	
  collection	
  of	
  complete	
  diffraction	
  data	
  to	
  3	
  Å.	
  
	
  
Additional	
   description	
   of	
   contacts	
   in	
   the	
   H4	
   N-­terminal	
   tail:	
   BAH	
   domain	
  
interface.	
  The	
  majority	
  of	
  the	
  interactions	
  in	
  this	
  interface	
  are	
  shown	
  in	
  Fig.	
  3	
  and	
  
discussed	
   in	
   the	
  main	
   text	
  and	
   figure	
   legends.	
  Most	
  electrostatic	
  contacts	
  between	
  
H4	
   and	
   the	
   BAH	
   domain	
   in	
   this	
   interface	
   are	
   mediated	
   through	
   side-­‐chain	
  
interactions.	
  Two	
  of	
  the	
  important	
  residues	
  in	
  BAHSir3	
  identified	
  in	
  genetic	
  screens,	
  
K209	
   and	
   S212,	
   form	
   contacts	
   with	
   the	
   H4	
   tail,	
   with	
   a	
   potential	
   hydrogen	
   bond	
  
between	
  K209	
  and	
  the	
  main	
  chain	
  carbonyl	
  of	
  H4	
  L22	
  and	
  a	
  van	
  der	
  Waals	
  contact	
  
between	
  S212	
  and	
  H4	
  R23.	
  
	
  
Additional	
  description	
  of	
  contacts	
  in	
  the	
  H4	
  and	
  H2B	
  cores:	
  BAH	
  interface.	
  
The	
  majority	
  of	
  the	
  interactions	
  in	
  this	
  interface	
  are	
  shown	
  in	
  Fig.	
  4a,	
  c,	
  d	
  and	
  
discussed	
  in	
  the	
  main	
  text	
  and	
  figure	
  legends.	
  Two	
  residues	
  at	
  the	
  tip	
  of	
  the	
  BAHSir3	
  
loop	
  3	
  (L79	
  and	
  N80)	
  interact	
  extensively	
  with	
  both	
  histone	
  H4	
  and	
  histone	
  H2B.	
  
They	
  make	
  van	
  der	
  Waals	
  contacts	
  with	
  histone	
  H4	
  residues	
  E74,	
  H75	
  and	
  K77.	
  
Additionally	
  the	
  BAH	
  N80	
  side-­‐chain	
  could	
  potentially	
  form	
  hydrogen	
  bonds	
  with	
  
main	
  chain	
  carbonyls	
  of	
  H4E74	
  and	
  H2B	
  R89.	
  BAH	
  residues	
  N77,	
  T78	
  and	
  L79	
  can	
  
also	
  interact	
  with	
  H2B	
  residues	
  in	
  helices	
  α3	
  and	
  αC.	
  Residue	
  BAH	
  K202	
  could	
  
potentially	
  form	
  a	
  hydrogen	
  bond	
  with	
  histone	
  H4	
  residue	
  E63.	
  	
  In	
  a	
  manner	
  similar	
  
to	
  reciprocal	
  mutations	
  in	
  BAH	
  D205	
  and	
  H3D77,	
  the	
  LRS	
  mutations	
  can	
  be	
  
suppressed	
  by	
  a	
  gain-­‐of-­‐function	
  mutation	
  BAH	
  L79I,	
  also	
  identified	
  in	
  the	
  slr	
  
screen.	
  



	
  
	
  
Fig.	
  S1	
  Electron	
  density	
  maps	
  
Maximum-­‐likelihood	
  2mFo-­‐DFc	
  	
  difference	
  Fourier	
  electron	
  density	
  map	
  for	
  BAH-­‐
histone	
  H4	
  interface	
  contoured	
  at	
  0.8	
  σ	
  (A),	
  1.0	
  σ	
  (B)	
  and	
  1.5	
  σ	
  (C)	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  



	
  
	
  
Fig.	
  S2	
  Electron	
  density	
  maps	
  
Maximum-­‐likelihood	
  2mFo-­‐DFc	
  	
  difference	
  Fourier	
  electron	
  density	
  map	
  for	
  BAH-­‐
nucleosome	
  body	
  interface	
  contoured	
  at	
  0.8	
  σ	
  (A),	
  1.0	
  σ	
  (B)	
  and	
  1.5	
  σ	
  (C)	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  



	
  
	
  
Fig.	
  S3	
  Sequence	
  alignment	
  of	
  regions	
  of	
  Xenopus	
  and	
  yeast	
  histone	
  H2A	
  (color	
  
coded	
  the	
  same	
  as	
  structure)	
  and	
  BAH	
  loop	
  1	
  with	
  shaded	
  residue	
  found	
  in	
  genetic	
  
screens.	
  



	
  
	
  
Fig.	
  S4	
  Crystal	
  packing	
  interaction	
  extended	
  to	
  a	
  unit-­‐cell



	
  
	
  
	
  
Fig.	
  S5	
  Isotherm	
  of	
  weight	
  average	
  sedimentation	
  coefficient	
  as	
  a	
  function	
  of	
  total	
  
protein	
  concentration.	
  The	
  solid	
  line	
  is	
  a	
  fit	
  to	
  a	
  monomer-­‐dimer	
  model,	
  the	
  dashed	
  
line	
  to	
  a	
  monomer	
  only	
  model	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  



Supplementary	
  Table	
  1	
  
	
  
Data	
  collection	
  and	
  refinement	
  statistics	
  

	
   	
  	
   	
  
Data	
  Collection	
   	
  	
   	
  
	
   	
  	
   	
  
Wavelength	
   	
  0.97919	
   	
  
Space	
  group	
   P61	
  
Cell	
  dimensions	
   	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  a,	
  b,	
  c	
  (Å)	
   102.88	
  102.88	
  555.75	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  α,	
  β,	
  γ	
  (°)	
   90,	
  90,	
  120	
  
Resolution	
  (Å)	
   50	
  -­‐	
  3.0	
  (3.16	
  -­‐	
  3.0)	
  
Mosaicity	
  (°)	
  	
   0.54	
  	
  
Reflections	
  (total/unique)	
   368,714/66,264	
  
I/sigmaI	
   9.1	
  (2.3)	
  
Completeness	
  (%)	
   100.0	
  (100.0)	
  
Redundancy	
   5.6	
  (5.6)	
  
Rmerge	
  (%)	
   9.9	
  (68.6)	
  
Rr.i.m.	
  (%)	
   11.0	
  (75.7)	
  
Rp.i.m.	
  (%)	
   4.7	
  (31.7)	
  
	
   	
  
Refinement	
  

Rwork/Rfree	
   18.4%/24.1%	
  
Number	
  of	
  atoms	
   15638	
  
Protein	
   9652	
  
DNA	
   5986	
  
Water	
   0	
  
B-­‐factors	
  (Å2)	
   103.8	
  
Protein	
   82.9	
  
DNA	
   137.5	
  
R.m.s	
  deviations	
   	
  
Bond	
  lengths	
  (Å)	
   0.011	
  
Bond	
  angles	
  (°)	
   1.591	
  
Ramachandran	
  plota	
   	
  
Favored	
  (%)	
   95.7	
  
Allowed	
  (%)	
   4.1	
  
Outliers	
  (%)	
   0.2	
  
The	
  highest	
  resolution	
  shell	
  is	
  shown	
  in	
  parentheses.	
  Rmerge	
  is	
  the	
  merging	
  R	
  factor.	
  
Rr.i.m.	
  is	
  the	
  redundancy	
  independent	
  merging	
  R	
  factor.	
  Rp.i.m.	
  is	
  the	
  precision-­‐
indicating	
  merging	
  R	
  factor.	
  For	
  definitions,	
  see	
  Weiss	
  (2001)(54)	
  
a	
  Calculated	
  using	
  the	
  program	
  Molprobity	
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