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Figure	
  S1:	
  Pacsin2	
  co-­‐sediments	
  with	
  actin	
  filaments,	
  while	
  endophilin	
  A1	
  does	
  not.	
  	
  
F-­‐actin	
  (6	
  μM)	
  was	
  mixed	
  with	
  either	
  endophilin	
  BAR	
  domain	
  (endophilin)	
  or	
  full-­‐length	
  pacsin2	
  (both	
  at	
  
9	
  μM)	
  in	
  1x	
  F-­‐buffer.	
  Actin	
  filaments	
  and	
  proteins	
  bound	
  were	
  sedimented	
  by	
  centrifugation,	
  and	
  equal	
  
amounts	
   of	
   supernatant	
   (s)	
   and	
   pellet	
   (p)	
   fractions	
   were	
   subjected	
   to	
   SDS-­‐PAGE;	
   separated	
   proteins	
  
were	
  visualized	
  by	
  Coomassie	
  Brilliant	
  Blue	
  staining.	
  Note:	
  endophilin	
  sediments	
  in	
  the	
  presence	
  of	
  the	
  
actin	
   to	
   similar	
   extent	
   as	
   in	
   its	
   absence,	
   indicating	
   its	
   unspecific	
   self-­‐association/aggregation	
   and	
   not	
  
binding	
  to	
  the	
  actin.	
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Figure	
  S2:	
  Pacsin2tr	
  decorates	
  actin	
  filaments,	
  while	
  endophilin	
  does	
  not.	
  	
  
Electron	
  micrographs	
  of	
  negatively	
  stained	
  F-­‐actin	
  incubated	
  for	
  20	
  minutes	
  either	
  with	
  endophilin	
  (A,	
  B)	
  
or	
  with	
  pacsin2tr	
  for	
  10	
  min	
  (C),	
  or	
  20	
  min	
  (D).	
  The	
  scale	
  bar	
  represents	
  100	
  nm.	
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Figure	
  S3:	
  Unspecific	
  association	
  of	
  FCHO2	
  with	
  actin	
  filaments.	
  
(A)	
  FCHO2	
  was	
  analyzed	
  in	
  co-­‐sedimentation	
  assay	
  after	
  incubation	
  with	
  or	
  without	
  preassembled	
  actin	
  
filaments	
   at	
   final	
   concentration	
   as	
   shown	
   on	
   the	
   figure.	
   Actin	
   filaments	
   and	
   proteins	
   bound	
   were	
  
sedimented	
   by	
   centrifugation,	
   and	
   equal	
   amounts	
   of	
   supernatant	
   (s)	
   and	
   pellet	
   (p)	
   fractions	
   were	
  
subjected	
   to	
   SDS-­‐PAGE;	
   separated	
   proteins	
   were	
   visualized	
   by	
   Coomassie	
   Brilliant	
   Blue	
   staining.	
   (B)	
  
Electron	
  micrograph	
  of	
  negatively	
  stained	
  F-­‐actin	
  (2	
  μM)	
  incubated	
  with	
  FCHO2	
  (10	
  μM)	
  for	
  20	
  minutes	
  
show	
   no	
   association	
   of	
   FCHO2	
  with	
   actin	
   filaments.	
   Thus	
   association	
  with	
   F-­‐actin,	
   as	
   observed	
   in	
   co-­‐
sedimentation	
   assay,	
   was	
   not	
   confirmed	
   by	
   EM,	
   where	
   the	
   protein	
   was	
   found	
   to	
   form	
   aggregates	
  
surrounding	
  naked	
  actin	
  filaments.	
  The	
  scale	
  bar	
  represents	
  100	
  nm.	
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Figure	
  S4:	
  F-­‐BAR	
  domain	
  protein	
  CIP4	
  do	
  not	
  associate	
  with	
  actin	
  filaments.	
  	
  
(A)	
  CIP4	
  was	
  analyzed	
   in	
   co-­‐sedimentation	
  assay	
  after	
   incubation	
  with	
  or	
  without	
  preassembled	
  actin	
  
filaments	
   at	
   final	
   concentration	
   as	
   shown	
   on	
   the	
   figure.	
   Actin	
   filaments	
   and	
   proteins	
   bound	
   were	
  
sedimented	
   by	
   centrifugation,	
   and	
   equal	
   amounts	
   of	
   supernatant	
   (s)	
   and	
   pellet	
   (p)	
   fractions	
   were	
  
subjected	
   to	
   SDS-­‐PAGE;	
   separated	
   proteins	
   were	
   visualized	
   by	
   Coomassie	
   Brilliant	
   Blue	
   staining.	
  
Sedimentation	
  of	
  CIP4	
  (as	
  visible	
   in	
  the	
  pellet	
   fraction)	
  did	
  not	
  depend	
  on	
  the	
  presence	
  or	
  absence	
  of	
  
the	
  F-­‐actin.	
   (B)	
  Electron	
  micrograph	
  of	
  negatively	
   stained	
  F-­‐actin	
   (2	
  μM)	
   incubated	
  with	
  CIP4	
   (app.	
  10	
  
μM)	
  for	
  20	
  minutes	
  shows	
  no	
  association	
  of	
  CIP4	
  with	
  actin	
  filaments.	
  The	
  scale	
  bar	
  represents	
  100	
  nm.	
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Figure	
  S5:	
  Effects	
  of	
  pacsin2	
  on	
  actin	
  dynamics.	
  
(A)	
   Actin	
   filaments	
   were	
   polymerized	
   at	
   3	
   μM	
   from	
   unlabelled	
   rabbit	
   muscle	
   skeletal	
   actin	
   in	
   the	
  
presence	
   or	
   absence	
   of	
   pacsin2	
   (at	
   molar	
   ratios	
   indicated	
   in	
   the	
   figure).	
   The	
   time	
   course	
   of	
  
polymerization	
  was	
  measured	
  as	
  changes	
  in	
  light	
  scattering	
  (excitation	
  and	
  emission	
  set	
  at	
  400	
  nm).	
  (B)	
  
Effects	
   of	
   pacsin2	
   on	
   dilution-­‐induced	
   actin	
   depolymerization.	
   Actin	
   filaments	
   (4	
   µM	
   containing	
   25%	
  
pyrene-­‐labeled	
  actin)	
  were	
  pre-­‐incubated	
  with	
  or	
  without	
  pacsin2	
   (at	
  molar	
   ratios	
   as	
   indicated	
   in	
   the	
  
figure)	
   and	
   diluted	
   20-­‐fold	
   (final	
   concentration	
   of	
   200	
   nM)	
   to	
   induce	
   actin	
   depolymerization	
   in	
   the	
  
presence	
  or	
  absence	
  of	
  100	
  nM	
  cofilin.	
  The	
  plot	
  of	
   fluorescence	
   intensity	
  of	
  pyrene-­‐actin	
  against	
   time	
  
after	
  dilution	
  representing	
  the	
  results	
  of	
  typical	
  experiment	
  is	
  shown.	
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Figure	
   S6:	
   Membrane	
   binding	
   of	
   pacsin2	
   in	
   the	
   presence	
   and	
   absence	
   of	
   F-­‐actin	
   examined	
   by	
   co-­‐
flotation	
  assay.	
  	
  
(A	
  and	
  B)	
  Coomassie	
  Brilliant	
  Blue	
  stained	
  gels	
  of	
  different	
  fractions	
  from	
  co-­‐flotation	
  assays	
  carried	
  out	
  
in	
  the	
  presence	
  and	
  absence	
  of	
  F-­‐actin	
  and	
  liposomes.	
  (C	
  and	
  D)	
  Quantification	
  of	
  the	
  amount	
  of	
  pacsin2	
  
in	
   each	
   fraction	
   as	
   estimated	
   by	
   densitometry	
   analysis	
   of	
   Coomassie	
   Brilliant	
   Blue	
   stained	
   gel.	
   (E)	
  
Schematic	
   diagram	
   of	
   sucrose	
   gradient	
   fractions	
   of	
   co-­‐flotation	
   assay.	
   Note:	
   fluorescently-­‐labeled	
  
liposomes	
  were	
  mostly	
   present	
   in	
   fraction	
   2,	
   which	
  was	
   detected	
   by	
   the	
   intensity	
   of	
   Rhodamine-­‐PE.	
  
Pacsin2,	
  liposome	
  and	
  F-­‐actin	
  concentrations	
  in	
  the	
  assay	
  were	
  1	
  μM,	
  100	
  μM	
  and	
  20	
  μM,	
  respectively.	
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Figure	
  S7:	
  Structure	
  of	
  chicken	
  pacsin2.	
  
Full-­‐length	
   chicken	
   pacsin2	
  was	
   expressed,	
   purified,	
   and	
   crystallized	
   in	
   two	
   crystal	
   forms.	
   The	
   phases	
  
were	
  obtained	
  using	
  xenon	
  derivatisation,	
  as	
  reported	
  previously	
  (1).	
  The	
  first	
  crystal	
  form	
  was	
  used	
  to	
  
build	
  a	
  model	
  encompassing	
  residues	
  15-­‐304,	
  corresponding	
  to	
  the	
  F-­‐BAR	
  domain.	
  According	
  to	
  mass-­‐
spectrometry	
   analysis,	
   the	
  peptide	
   chain	
   incorporated	
   in	
   the	
   crystals	
   comprises	
   the	
  N-­‐terminal	
   pGEX-­‐
2TK	
   linker	
  and	
   the	
  sequence	
  of	
  pacsin2	
  up	
   to	
   residue	
  315,	
   suggesting	
  a	
  proteolytic	
   cleavage	
  of	
   the	
  C-­‐
terminal	
  SH3	
  domain	
  and	
  the	
  preceding	
  linker	
  in	
  the	
  course	
  of	
  the	
  crystallization	
  process.	
  F-­‐BAR	
  dimer	
  
of	
   the	
  chicken	
  pacsin2	
   is	
   shown	
  as	
  cartoon.	
   Individual	
   subunits	
  are	
  colored	
   in	
  blue	
  and	
  green.	
  Arrows	
  
indicate	
   the	
   unique	
   wedge	
   loop	
   in	
   the	
   pacsin	
   family	
   proteins	
   that	
   is	
   not	
   found	
   in	
   any	
   other	
   F-­‐BAR	
  
domain	
  structure.	
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Figure	
  S8:	
  Cross-­‐linking	
  of	
  pacsin2	
  with	
  actin.	
  
F-­‐actin	
  and	
  pacsin2	
  were	
  mixed	
  at	
  the	
  concentration	
  indicated	
  on	
  the	
  figure	
  and	
  cross-­‐linked	
  by	
  addition	
  
of	
  EDC,	
  a	
  zero-­‐length	
  crosslinker,	
  for	
  30	
  minutes	
  at	
  RT.	
  SDS-­‐PAGEs	
  of	
  cross-­‐linked	
  samples	
  stained	
  with	
  
Coomassie	
  Brilliant	
  Blue	
  are	
  shown.	
  Specific	
  band,	
  corresponding	
   to	
  about	
  90	
  kDa	
   (shown	
   in	
   red	
  box/	
  
frame)	
  appeared	
  after	
  cross-­‐linking	
  in	
  protein	
  concentration	
  dependent	
  manner.	
  In	
  control	
  experiments,	
  
where	
   actin	
   or	
   pacsin2	
   were	
   incubated	
   with	
   crosslinker	
   alone,	
   formation	
   of	
   this	
   band	
   has	
   not	
   been	
  
observed.	
  Specific,	
  but	
  less	
  abundant	
  bands	
  with	
  higher	
  molecular	
  weight	
  were	
  also	
  observed,	
  however	
  
they	
  were	
  not	
  further	
  analyzed.	
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Figure	
  S9:	
  A	
  representative	
  MS/MS	
  spectrum	
  of	
  a	
  specific	
  cross-­‐linking	
  product	
   identifying	
  a	
   linkage	
  
between	
  Lys64	
  of	
  pacsin2	
  (red)	
  and	
  Asp25	
  of	
  actin	
  (blue).	
  
Fragmentation	
  spectrum	
  of	
  m/z	
  613.31	
  and	
  the	
  matched	
  crosslinked	
  peptide	
  are	
  shown.	
  Only	
  the	
  most	
  
intense	
  fragments	
  are	
  annotated	
  in	
  the	
  spectrum.	
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Figure	
  S10:	
  Structural	
  plasticity	
  of	
  F-­‐BAR	
  domains.	
  
	
  Superpositions	
  of	
   various	
   F-­‐BAR-­‐domain	
   structures	
   represented	
   in	
   ribbon.	
  Apart	
   from	
   the	
   central	
   six-­‐
helix	
   bundle,	
  which	
   is	
   a	
   common	
   rigid	
   feature	
   of	
   this	
   protein	
   family,	
   the	
   tails	
   encompassing	
   residues	
  
between	
  140	
   -­‐	
   220	
   (pacsin2	
  numbering)	
   accommodate	
  very	
   variable	
   conformations.	
   The	
  pacsin2	
   type	
  
proteins	
   (orange	
   shades,	
   pacsin2	
   is	
   colored	
   in	
   red)	
   do	
   not	
   deviate	
   significantly	
   in	
   3D	
   structure	
   and	
  
display	
  an	
  S-­‐shape.	
  The	
  non-­‐pacsin2	
  type	
  family	
  members	
  lacking	
  the	
  apolar	
  wedge	
  loop	
  (green	
  shades)	
  
display	
  a	
  more	
  straight	
  conformation	
  along	
  the	
  main	
  axis	
  of	
  the	
  six-­‐helix	
  bundle.	
  Helix-­‐breaking	
  residues	
  
Pro144	
  and	
  Pro220,	
  generating	
   the	
  kink	
   in	
  pacsin2	
  are	
  highlighted	
   in	
  blue	
  and	
  brick	
   red,	
   respectively.	
  
The	
   PDB	
   entries	
   of	
   the	
   pacsins:	
   human	
   pacsin2	
   (3haj)	
   (2),	
   mouse	
   pacsin2	
   (3lll)	
   (3),	
   drosophila	
  
syndapin/pacsin	
   (3i2w)	
   (4),	
  human	
  pacsin1	
   (3hah)	
   (2),	
  mouse	
  pacsin1	
   (2x3v)	
   (5),	
   the	
  non-­‐pacsin	
  F-­‐BAR	
  
proteins:	
  GEM	
   interacting	
   protein	
   (3qwe),	
   yeast	
   Cdc42-­‐interacting	
   protein	
   4	
   (2efk)	
   (6),	
   human	
   FCHO2	
  
protein	
  (2v0o)	
  (7),	
  human	
  formin-­‐binding	
  protein	
  17	
  (2efl)	
  (6).	
  
	
  

	
   	
  

	
  

Tails 

P144 
P220  
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PICK1             203 ASEAFVKFADAHRSIEKFGIRLLKTIK-PMLTDLNTYLNKAIPDTRLTIKKYLDVKFEYLSYCLK 266	
  
Endophilin A1     110 FGPALGEVGEAMRELSEVKDSLDIEVKQNFIDPLQNLHDKDLREIQHHLKKLEGRRLDFDYKKKR 174	
  
Appl1              82 MSSTLQQFSKVIDELSSCHAVLSTQLADAXXFPITQFKERDLKEILTLKEVFQIASNDHDAAINR 146 
Amphiphysin2      106 ---GRDEANKIAENNDLLWMDYHQKLVDQALLTMDTYL-GQFPDIKSRIAKRGRKLVDYDSARHH 166 
Arfaptin2          84 --EEFGYNAETQKLLCKNGETLLGAVNFFVSSINTLVT-KTMEDTLMTVKQYEAARLEYDAYRTD 145 
Sorting Nexin 9   460 LNDAITEAGKTYEEIASLVAEQPKKDLHFLXECNHEYK-GFLGCFPDIIGTHKGAIEKVKESDKL 523 
 
 
 

Figure	
  S11:	
  	
  Structure-­‐based	
  sequence	
  alignment	
  of	
  N-­‐BAR	
  proteins.	
  	
  
Structure	
   based	
   alignment	
   of	
   N-­‐BAR	
   proteins	
   was	
   taken	
   from	
   Conserved	
   Domains	
   Database	
  
(http://www.ncbi.nlm.nih.gov/Structure/cdd/cddsrv.cgi?uid=264507)	
   (8).	
   Selected	
   sequences	
   are	
  
presented	
  here	
   from	
  the	
  structures	
  1X03:A	
   (endophilin	
  A1),	
  2FIC:A	
   (amphiphysin2),	
  1I49:A	
   (arfaptin2),	
  
2ELB:A	
   (Appl1),	
   2RAI:A	
   (Sorting	
   Nexin	
   9)	
   and	
   sequence	
   of	
   GI:341941252	
   (PICK1).	
   The	
   position	
   of	
   the	
  
putative	
  actin	
  binding	
  motif	
  of	
  PICK1	
  (shown	
  in	
  red)	
  is	
  boxed	
  in	
  green.	
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Figure	
  S12:	
  Conservation	
  of	
  the	
  lysine	
  clusters	
  of	
  pacsin2	
  identified	
  by	
  cross-­‐linking	
  analysis	
  of	
  F-­‐actin-­‐
pacsin2	
  complex.	
  
(A)	
  Electrostatic	
  potential	
  of	
  the	
  concave	
  surface	
  of	
  pacsin2.	
  Blue	
  and	
  red	
  depict	
  positive	
  and	
  negative	
  
electrostatic	
  potential,	
  respectively;	
  with	
  a	
  range	
  of	
  ±	
  7kBT/e.	
  Black	
  circles	
  highlight	
  the	
  positions	
  of	
  the	
  
lysine	
  clusters	
  identified	
  by	
  cross-­‐linking	
  analysis	
  as	
  shown	
  in	
  Fig	
  4A.	
  (B)	
  Conservation	
  of	
  residues	
  found	
  
on	
  the	
  concave	
  site	
  of	
  pacsin	
  2	
  as	
  calculated	
  by	
  ConSurf	
   (9)	
  using	
  the	
  structure	
  of	
  pacsin2	
  (4BNE)	
  and	
  
multiple	
  sequence	
  alignment	
  built	
  with	
  Expresso	
  (10).	
  For	
  structure	
  based	
  sequence	
  alignment	
  following	
  
sequences	
   were	
   used:	
   pacsin2	
   (O13154),	
   pacsin1	
   (Q9BY11),	
   FCHO2	
   (Q0JRZ9),	
   CIP4	
   (Q15642),	
   FBP17	
  
(Q96RU3),	
   SYP1	
   (P25623),	
   TOCA1	
   (Q19253),	
   PPIP1	
   (P97814),	
   GAS7	
   (O60861),	
   SRGP1	
   (Q91Z69),	
   FER	
  
(P16591),	
  Nostrin	
  (Q6WKZ7),	
  FES	
  (P07332),	
  PPIP2	
  (Q9H939),	
  SRGP2	
  (O75044).	
  Black	
  circles	
  as	
  in	
  A.	
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Supplementary	
  Table	
  S1	
  

Data	
  collection	
  and	
  refinement	
  statistics	
  

DATA	
  COLLECTION	
   	
  
Source	
   ESRF	
  ID-­‐14-­‐1	
  
Wavelength	
  (Å)	
   0.934	
  
Resolution	
  (Å)	
   53.45-­‐2.57	
  (2.66-­‐2.57)a	
  
Space	
  group	
   P212121	
  
Unit	
  cell	
  (Å)	
   a	
  =	
  101.06,	
  b	
  =	
  105.50,	
  c	
  =	
  125.95	
  
Molecules	
  /	
  a.u.	
   2	
  
Total	
  reflections	
   195103	
  (11479)	
  
Unique	
  reflections	
   41812	
  (3322)	
  
Completeness	
  (%)	
   95.99	
  (77.47)	
  
Rmerge

b	
   0.077	
  (0.682)	
  
Rmeas

c	
   0.087	
  (0.792)	
  
Rpim

d	
   0.039	
  (0.394)	
  
Multiplicity	
   4.66	
  (3.46)	
  
<I/σ(I)>	
   15.1	
  (2.2)	
  
Wilson	
  B-­‐factor	
   49.93	
  
	
   	
  
REFINEMENT	
   	
  
Number	
  of	
  (non	
  hydrogen)	
  atoms	
   5056	
  

Macromolecules	
   4816	
  
Ligands	
   55	
  
Water	
   185	
  

Protein	
  residues	
   579	
  
Rcryst

e/	
  Rfree
f	
   0.1838	
  (0.2854)/0.2222	
  (0.3190)	
  

R.m.s.d.	
  bonds	
  (Å)	
   0.002	
  
R.m.s.d.	
  angles	
  (º)	
   0.52	
  
Ramachandran	
  favored	
  (%)	
   98	
  
Ramachandran	
  outliers	
  (%)	
   0	
  
Molprobity	
  clashscore	
   1.56	
  
Average	
  B-­‐fator	
  (Å2)	
   64.6	
  

Macromolecules	
   64.7	
  
Ligands	
   83.7	
  
Solvent	
   55.7	
  

a	
  Values	
  in	
  parentheses	
  are	
  for	
  the	
  highest	
  resolution	
  shell.	
  
bRmerge	
  (Rsym)	
  =	
  Σ	
  |	
  Ihl	
  -­‐	
  <Ih>	
  |	
  /	
  Σ	
  |	
  <Ih>	
  |	
  
c	
  
	
  
	
  
	
  
	
  
d	
  
	
  
Where	
  I	
  (hkl)	
  is	
  the	
  mean	
  intensity	
  of	
  multiple	
  Ii	
  (hkl)	
  observations	
  of	
  the	
  symmetry-­‐related	
  reflections,	
  N	
  is	
  the	
  redundancy,	
  nh	
  
is	
  the	
  multiplicity,	
  Îh	
  is	
  the	
  average	
  intensity	
  and	
  Ih,i	
  is	
  the	
  observed	
  intensity.	
  
eRcryst	
  =	
  Σ	
  |Fo-­‐Fc|	
  /	
  Σ	
  Fo	
  
fRfree	
  is	
  the	
  cross-­‐validation	
  Rfactor	
  computed	
  for	
  the	
  test	
  set	
  of	
  reflections	
  (5	
  %)	
  which	
  are	
  omitted	
  in	
  the	
  refinement	
  process.	
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Supplementary	
  Table	
  S2	
  

Cross-­‐link	
  sites	
  identified	
  for	
  complex	
  of	
  pacsin2	
  with	
  F-­‐actin.	
  
Residues	
  clustering	
  close	
  on	
  the	
  protein	
  surface	
  (as	
  shown	
  on	
  the	
  Fig	
  4A	
  and	
  B)	
  are	
  highlighted	
  with	
  the	
  

same	
  colour.	
  
	
  

From	
  

Protein	
  

From	
  

Residue	
  

To	
  

Protein	
  

To	
  

Residue	
  
Score	
  

Cα-­‐Cα	
  
distance	
  (Å)	
  

pacsin2	
   K	
  64	
   actin	
   D	
  25	
   12.502	
   13.6	
  

pacsin2	
   K	
  64	
   actin	
   E	
  100	
   11.724	
   18.7	
  

pacsin2	
   K	
  101	
   actin	
   D	
  25	
   11.397	
   13.4	
  

pacsin2	
   K	
  53	
   actin	
   E	
  100	
   9.143	
   12.5	
  

pacsin2	
   K	
  143	
   actin	
   E	
  100	
   9.083	
   16.5	
  

pacsin2	
   K	
  150	
   actin	
   D	
  25	
   8.960	
   11.5	
  

pacsin2	
   K	
  101	
   actin	
   D	
  24	
   8.081	
   19.5	
  

pacsin2	
   K	
  53	
   actin	
   E	
  99	
   7.870	
   15.6	
  

pacsin2	
   K	
  147	
   actin	
   D	
  24	
   7.110	
   10.8	
  

Internal	
  peptides	
  

pacsin2	
   K67	
   pacsin2	
   E424	
   9.372	
   	
  

pacsin2	
   K146	
   pacsin2	
   E406	
   7.642	
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Supplementary	
  Methods	
  
	
  

Plasmids	
  and	
  DNA	
  Constructs	
  

Cloning,	
   expression	
   and	
   purification	
   of	
   N-­‐terminal	
   GST-­‐fused	
   pacsin2	
   used	
   for	
   crystallization	
   and	
  

structure	
  determination	
  was	
  described	
  elsewhere	
   (1).	
   For	
   the	
  bacterial	
  expression	
  of	
  proteins	
  with	
  N-­‐

terminal	
  His,	
  or	
  Strep	
  II	
  tags,	
  PCR	
  products	
  of	
  the	
  cDNA	
  encoding	
  the	
  full-­‐length	
  pacsin2	
  (residues	
  1-­‐448;	
  

numbering	
  of	
  amino	
  acids	
  follows	
  sequence	
  of	
  pacsin2	
  described	
  in	
  Meriläinen	
  et	
  al.	
  (11),	
  its	
  truncated	
  

variant	
  pacsin2tr	
   (residues	
  1-­‐324),	
   rat	
  endophilin	
  A1	
  N-­‐BAR	
  domain	
  (residues	
  1-­‐247),	
  F-­‐BAR	
  domain	
  of	
  

human	
  CIP4	
  (residues	
  10-­‐303),	
  and	
  	
  F-­‐BAR	
  domain	
  of	
  human	
  FCHO2	
  (residues	
  3–274) were	
  subcloned	
  

into	
  pETM14	
   (EMBL)	
   and	
  modified	
  pET21b	
   vector	
   (Merck)	
   encoding	
  N-­‐terminal	
   Strep	
   II	
   followed	
  with	
  

TEV	
   cleavage	
   site	
   before	
   starting	
   codon.	
   To	
   obtain	
   plasmids	
   for	
   expression	
   of	
   the	
  mutant	
   variants	
   of	
  

both	
  pacsin2	
  and	
  pacsin2tr,	
  where	
  either	
  alanine	
  was	
  substituted	
  for	
  residue	
  Met124	
  (pacsin2-­‐M124A,	
  

and	
  pacsin2tr-­‐M124A),	
  or	
  glycine	
  for	
  loop	
  encoded	
  by	
  His121-­‐Met125	
  (pacsin2-­‐Δ1,	
  and	
  pacsin2tr-­‐Δ1),	
  or	
  

Met124	
  and	
  Met125	
  were	
  deleted	
   (pacsin2-­‐Δ2,	
   and	
  pacsin2tr-­‐Δ2),	
  mutagenesis	
  was	
   carried	
  out	
  using	
  

the	
  QuickChange	
  site-­‐directed	
  mutagenesis	
  kit	
  (Stratagene).	
  The	
  plasmids	
  encoding	
  the	
  N-­‐terminal	
  Strep	
  

II-­‐tag	
  fusion	
  wild-­‐type	
  or	
  C-­‐terminally	
  truncated	
  variant	
  of	
  pacsin2	
  (pacsin2tr)	
  were	
  used	
  as	
  template.	
  All	
  

of	
   the	
   constructs	
  were	
   verified	
   by	
   DNA	
   sequence	
   analysis.	
   Preparation/cloning	
   of	
   expression	
   plasmid	
  

encoding	
   N-­‐terminally	
   GST-­‐tagged	
   version	
   of	
   full-­‐length	
   mouse	
   cofilin-­‐1	
   (pPL92)	
   was	
   described	
  

previously	
  (Vartiainen	
  et	
  al.,	
  2002).	
  

	
  

Protein	
  Expression	
  and	
  Purification	
  

All	
  of	
  the	
  recombinant	
  pacsin2	
  variants	
  as	
  well	
  as	
  endophilin	
  A1	
  N-­‐BAR	
  domain,	
  and	
  F-­‐BAR	
  domains	
  of	
  

CIP4	
  and	
  FCHO2	
  were	
  overexpressed	
  in	
  the	
  E.	
  coli	
  strain	
  Rosetta	
  2	
  (Merck).	
  Proteins	
  were	
  expressed	
  at	
  

18	
  °C,	
  either	
  in	
  LB	
  medium	
  after	
  induction	
  with	
  0.4	
  mM	
  isopropyl	
  β-­‐d-­‐thiogalactopyranoside	
  (IPTG)	
  at	
  an	
  

A600	
  of	
  0.6,	
  or	
  in	
  ZY5052	
  auto-­‐induction	
  media	
  (Studier,	
  2005)	
  for	
  12-­‐18	
  hours.	
  The	
  N-­‐terminal	
  His-­‐	
  and	
  

Strep	
   II-­‐tagged	
   fusion	
   proteins	
   were	
   purified	
   by	
   affinity	
   chromatography	
   using	
   HisTrap	
   HP,	
   and	
  

StrepTrap	
   HP	
   columns	
   (GE	
   Healthcare),	
   respectively.	
   When	
   needed,	
   the	
   His-­‐tag	
   or	
   Strep	
   II-­‐tag	
   were	
  

cleaved	
  overnight	
   (at	
  4°C)	
  with	
  TEV	
  or	
  3C/PreScission	
  Protease.	
  Proteins	
  were	
   further	
  purified	
  by	
   size	
  

exclusion	
   chromatography	
   on	
   a	
   HiLoad	
   26/60	
   Superdex	
   200	
   Prep	
   Grade	
   column	
   (GE	
   Healthcare)	
  

equilibrated	
  with	
  20	
  mM	
  Hepes,	
  150	
  mM	
  NaCl,	
  pH	
  7.5,	
  or	
  8.0	
  with	
  or	
  without	
  addition	
  of	
  5	
  %	
  glycerol.	
  

For	
  endophilin	
  A1	
  N-­‐BAR	
  domain,	
  solution	
  containing	
  20	
  mM	
  Hepes,	
  250	
  mM	
  NaCl,	
  pH	
  8.0	
  was	
  used	
  to	
  

equilibrate	
  the	
  column.	
  Protein	
  purity	
  and	
  monodispersity	
  was	
   judged	
  by	
  SDS-­‐PAGE	
  and	
  dynamic	
   light	
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scattering,	
  respectively.	
  Mouse	
  cofilin	
  was	
  expressed	
  and	
  purified	
  as	
  described	
  in	
  Vartiainen	
  et	
  al.	
  (12).	
  

Actin	
  was	
  prepared	
  from	
  rabbit	
  skeletal	
  muscle	
  (13)	
  and	
  pyrene	
  labeled	
  following	
  Kouyama	
  and	
  Mihashi	
  

(14).	
  

	
  

F-­‐Actin	
  Polymerisation	
  Assays	
  

Before	
   the	
   experiments,	
   Ca2+-­‐ATP–actin	
   was	
   converted	
   into	
   Mg2+-­‐ATP–actin	
   by	
   addition	
   of	
   10x	
  

magnesium-­‐exchange	
  buffer	
  (0.5	
  mM	
  MgCl2,	
  20	
  mM	
  EGTA,	
  pH	
  7.4)	
  and	
  used	
  3	
  min	
  later.	
  For	
  assembly	
  

assays,	
  dilutions	
  of	
  proteins	
  to	
  be	
  assayed	
  (as	
  described	
  in	
  the	
  figure	
  legends)	
  were	
  prepared	
  in	
  1x	
  KMEI	
  

buffer	
   (50	
  mM	
  KCl,	
   1	
  mM	
  MgCl2,	
   1	
  mM	
   EGTA,	
   5	
  mM	
   imidazole,	
   pH	
   7.0).	
   The	
   assembly	
   reaction	
  was	
  

initiated	
  by	
  transferring	
  117	
  µl	
  of	
  the	
  protein	
  solution	
  to	
  13	
  µl	
  of	
  30	
  µM	
  solution	
  of	
  G-­‐actin	
  in	
  G-­‐buffer.	
  

The	
  polymerization	
  of	
  actin	
  was	
  followed	
  by	
  measuring	
  the	
  light-­‐scattering	
  at	
  22°C,	
  for	
  at	
  least	
  35	
  min	
  in	
  

a	
   Jasco	
   FP-­‐6300	
   fluorescence	
   spectrophotometer	
   with	
   excitation	
   and	
   emission	
   set	
   at	
   400	
   nm.	
  

Alternatively,	
   actin	
   polymerization	
   rates	
   were	
   followed	
   as	
   increase	
   in	
   the	
   pyrene	
   fluorescence	
  

(excitation	
  365	
  nm,	
  emission	
  388	
  nm)	
  at	
  room	
  temperature	
  using	
  a	
  10%	
  pyrene-­‐labeled	
  actin	
  in	
  1x	
  KMEI	
  

buffer.	
  

	
  

F-­‐Actin	
  Depolymerisation	
  Assays	
  

Pyrene-­‐labeled-­‐F-­‐actin	
   filaments	
   (4	
   μM	
   or	
   1.8	
   µM,	
   25%	
   pyrene	
   labelled)	
   were	
   prepared	
   by	
   a	
   1	
   hour	
  

incubation	
  at	
  room	
  temperature	
  in	
  1x	
  F-­‐buffer	
  in	
  the	
  presence	
  or	
  absence	
  of	
  different	
  concentration	
  of	
  

pacsin2	
   as	
   described	
   in	
   the	
   figure	
   legends.	
   Depolymerization	
   of	
   actin	
   filaments	
   was	
   induced	
   by	
   20x	
  

dilution	
  with	
  1x	
  F-­‐buffer	
  to	
  a	
  final	
  concentration	
  of	
  0.2	
  μM	
  in	
  the	
  presence	
  or	
  absence	
  of	
  cofilin	
  at	
  the	
  

concentration	
  indicated	
  in	
  the	
  legends	
  of	
  the	
  figures.	
  Pre-­‐cut	
  pipet	
  tips	
  were	
  used	
  for	
  all	
  manipulations	
  

of	
  actin	
  filaments,	
  and	
  care	
  was	
  taken	
  to	
  avoid	
  filament	
  shearing.	
  Pyrene	
  fluorescence	
  was	
  monitored	
  at	
  

room	
   temperature	
   over	
   time	
   at	
   an	
   excitation	
   of	
   365	
   nm	
   and	
   emission	
   of	
   388	
   nm	
   in	
   a	
   Jasco	
   FP-­‐6300	
  

fluorescence	
  spectrophotometer.	
  	
  

	
  

Cross-­‐Linking	
  and	
  Mass	
  Spectrometry	
  Analyses	
  

For	
   cross-­‐linking	
  experiments,	
   actin	
   and	
  pacsin2	
  were	
  mixed	
  at	
   the	
   concentration	
  as	
   indicated	
  on	
   the	
  

figure	
  (Supplementary	
  Fig	
  S8)	
  in	
  40	
  μl	
  of	
  10	
  mM	
  PIPES,	
  50	
  mM	
  KCl,	
  2	
  mM	
  MgCl2,	
  pH	
  6.8,	
  and	
  incubated	
  

for	
   30	
   minutes	
   at	
   room	
   temperature.	
   Afterwards,	
   a	
   zero-­‐length	
   cross-­‐linking	
   agent,	
   1-­‐ethyl-­‐3-­‐[3-­‐

dimethylaminopropyl]	
   carbodiimide	
   hydrochloride	
   (EDC,	
   Thermo	
   Fisher	
   Scientific)	
   was	
   added	
   to	
   final	
  

concentration	
   of	
   1	
   mM	
   and	
   proteins	
   were	
   cross-­‐linked	
   for	
   additional	
   30	
   minutes.	
   The	
   reaction	
   was	
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stopped	
  by	
  adding	
  5x	
  Laemmli	
   sample	
  buffer.	
  Samples	
  were	
  separated	
  by	
  SDS-­‐PAGE	
  and	
  stained	
  with	
  

Coomassie	
  Blue	
  G-­‐250.	
  The	
  band	
  corresponding	
  to	
  cross-­‐linked	
  complexes	
  was	
  excised,	
  and	
  the	
  proteins	
  

therein	
  were	
  reduced	
  using	
  10	
  mM	
  DTT	
  for	
  30	
  min	
  at	
  37°C,	
  alkylated	
  with	
  55	
  mM	
  iodoacetamide	
  for	
  20	
  

min	
  in	
  the	
  dark	
  at	
  room	
  temperature,	
  and	
  digested	
  using	
  13	
  ng/µL	
  trypsin	
  (sequencing	
  grade;	
  Promega)	
  

overnight	
  at	
  37°C	
  (15).	
  

	
   The	
  digested	
  peptides	
  were	
  desalted	
  using	
  C18-­‐Stage-­‐Tips	
   (16),	
  and	
  analysed	
  on	
  LTQ	
  Orbitrap	
  

Velos	
  (Thermo	
  Fisher	
  Scientific)	
  coupled	
  with	
  Dinex	
  Ultimate	
  3000	
  RSLC	
  nano	
  system.	
  The	
  column	
  with	
  a	
  

spray	
  emitter	
  (75-­‐μm	
  inner	
  diameter,	
  8-­‐μm	
  opening,	
  250-­‐mm	
  length;	
  New	
  Objectives)	
  that	
  was	
  packed	
  

with	
  C18	
  material	
  (ReproSil-­‐Pur	
  C18-­‐AQ	
  3	
  μm;	
  Dr	
  Maisch	
  GmbH,	
  Ammerbuch-­‐Entringen,	
  Germany)	
  using	
  

an	
  air	
   pressure	
  pump	
   (Proxeon	
  Biosystems)	
   (17).	
  Mobile	
  phase	
  A	
   consisted	
  of	
  water	
   and	
  0.1%	
   formic	
  

acid.	
  Mobile	
  phase	
  B	
  consisted	
  of	
  80%	
  ACN	
  acetonitrile	
  and	
  0.1%	
  formic	
  acid.	
  Peptides	
  were	
  loaded	
  onto	
  

the	
  column	
  with	
  2%	
  B	
  at	
  500	
  nl/min	
   flow	
  rate	
  and	
  eluted	
  at	
  300	
  nl/min	
   flow	
  rate	
  with	
  two	
  gradients:	
  

linear	
  increase	
  from	
  2%	
  B	
  to	
  40%	
  B	
  in	
  150	
  mintutes;	
  then	
  increase	
  from	
  40%	
  to	
  95%	
  B	
  in	
  11	
  minutes.	
  The	
  

eluted	
  peptides	
  were	
  directly	
  sprayed	
  into	
  the	
  mass	
  spectrometer.	
  	
  

	
   Peptides	
   were	
   analysed	
   using	
   a	
   high/high	
   strategy:	
   both	
   MS	
   spectra	
   and	
   MS2	
   spectra	
   were	
  

acquired	
  in	
  the	
  Orbitrap.	
  FTMS	
  spectra	
  were	
  recorded	
  at	
  100,000	
  resolution.	
  The	
  eight	
  highest	
  intensity	
  

peaks	
  with	
  a	
  charge	
  state	
  of	
  three	
  or	
  higher	
  were	
  selected	
  in	
  each	
  cycle	
  for	
  ion	
  trap	
  fragmentation.	
  The	
  

fragments	
  were	
  produced	
  using	
  CID	
  with	
  35%	
  normalized	
  collision	
  energy	
  and	
  detected	
  by	
  the	
  Orbitrap	
  

at	
  7500	
  resolution.	
  Dynamic	
  exclusion	
  was	
  set	
  to	
  90s	
  and	
  repeat	
  count	
  was	
  1	
  (18).	
  

	
   The	
   mass	
   spectrometric	
   raw	
   files	
   were	
   processed	
   into	
   peak	
   lists	
   using	
   MaxQuant	
   (version	
  

1.3.0.5)	
  (19)	
  at	
  default	
  parameters	
  except	
  for	
  “top	
  MS/MS	
  peaks	
  per	
  100	
  Da”	
  being	
  set	
  to	
  100.	
  Search	
  

was	
  conducted	
  against	
  F-­‐actin-­‐pacsin2	
  complex	
  (is	
  this	
  a	
  right	
  description?)	
  sequences	
  using	
  in-­‐house	
  Xi	
  

software	
   (version	
   1.3.355).	
   Search	
   parameters	
   were	
   MS	
   accuracy,	
   6ppm;	
   MS/MS	
   accuracy,	
   20ppm;	
  

enzyme,	
   trypsin;	
   cross-­‐linker,	
   BS3	
   (including	
   BS3	
   modification);	
   Max	
   missed	
   cleavages,	
   4;	
   fixed	
  

modification,	
   carbamidomethylation	
   on	
   cysteine;	
   variable	
   modifications,	
   oxidation	
   on	
   methionine;	
  

cross-­‐linkable	
  amino	
  acids,	
  N-­‐terminus,	
   lysine,	
   serine,	
   tyrosine	
  and	
   threonine;	
   fragments,	
  b	
  and	
  y	
   ions	
  

with	
  loss	
  of	
  H2O,	
  NH3	
  and	
  CH3SOH.	
  

	
  

Co-­‐floatation	
  Assay	
  

Large	
  unilamellar	
  vesicles	
  (LUVs)	
  with	
  molar	
  lipid	
  composition	
  of	
  POPC:POPE:POPS:PI(4,5)P2:Rhodamine	
  

PE	
  =	
  50:15:20:10:5	
  (Avanti	
  Polar	
  Lipids)	
  were	
  prepared	
  as	
  previously	
  described	
  (20).	
  Purified	
  full-­‐length	
  

pacsin2	
  was	
  incubated	
  at	
  the	
  concentration	
  of	
  1	
  μM	
  with	
  100	
  μM	
  LUVs	
  in	
  the	
  presence	
  and	
  absence	
  of	
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20	
  μM	
  F-­‐actin	
  for	
  1	
  hour.	
  	
  The	
  samples	
  were	
  centrifuged	
  at	
  54	
  000	
  rpm	
  with	
  Beckman	
  Optima	
  using	
  TLS-­‐

55	
  rotor	
  (Beckman)	
  for	
  30	
  min	
  at	
  4°C.	
  Each	
  fraction	
  was	
  collected	
  from	
  top	
  to	
  bottom	
  and	
  equal	
  amount	
  

of	
  samples	
  was	
  run	
  on	
  SDS-­‐PAGE	
  followed	
  by	
  Coomassie	
  staining.	
  The	
  protein	
  amount	
  of	
  each	
  band	
  was	
  

quantified	
  by	
  densitometry	
  analysis	
  using	
  ImageJ.	
  The	
  fluorescence	
  intensity	
  of	
  the	
  same	
  fractions	
  was	
  

measured	
   at	
   the	
   wavelength	
   of	
   583	
   nm	
   using	
   a	
   LS	
   55	
   Fluorescence	
   Spectrometer	
   (Perkin-­‐Elmer)	
   to	
  

detect	
  Rhodmaine-­‐PE-­‐labeled	
  liposome	
  fraction.	
  

	
  

Crystallization,	
  Data	
  Collection	
  and	
  Structure	
  Solution	
  

Details	
   on	
   crystallisation,	
   data	
   collection	
   and	
   phasing	
   are	
   reported	
   in	
   Toro	
   at	
   al.	
   (1).	
  Native	
   data	
  was	
  

processed	
  in	
  XIA2	
  (21)	
  using	
  XDS	
  (22)	
  as	
  the	
  integration	
  software.	
  	
  

	
  

Crystal	
  Structure	
  Refinement	
  and	
  Analysis	
  

Electron	
  density	
  maps	
  of	
  the	
  best	
  phases	
  calculated	
  by	
  SHARP	
  were	
  subjected	
  to	
  solvent	
  flattening	
  by	
  

SOLOMON	
  (23)	
  followed	
  by	
  an	
  auto-­‐building	
  procedure	
  by	
  ARP/wARP	
  (24)	
  and	
  successively	
  in	
  Buccaneer	
  

(25).	
   The	
  model	
  was	
   completed	
   by	
  manual	
   building	
   using	
   COOT	
   (26).	
   The	
   positional,	
   isotropic	
   atomic	
  

displacement	
   parameters	
   (ADP)	
   and	
   TLS	
   (Translation/Libration/Screw)	
   refinement	
   was	
   carried	
   out	
   by	
  

phenix.refine	
   of	
   the	
   PHENIX	
   suite	
   (27).	
   For	
   TLS	
   refinement	
   the	
   TLS	
   groups	
   were	
   automatically	
  

determined	
   by	
   the	
   software	
   after	
   several	
   cycles	
   of	
   isotropic	
   ADP	
   refinement.	
   The	
   final	
   refinement	
  

statistics	
  gave	
  excellent	
  values	
  for	
  Rwork=	
  0.184	
  and	
  Rfree=	
  0.222,	
  as	
  well	
  as	
  rmsd	
  bond	
  and	
  angle	
  values	
  

for	
   diffraction	
   data	
   to	
   2.57	
   Å	
   resolution.	
   Data	
   collection	
   and	
   refinement	
   statistics	
   are	
   reported	
   in	
  

Supplementary	
  Table	
  S1.	
  	
  

	
   The	
   geometry	
   of	
   the	
   refined	
   structure	
   was	
   analyzed	
   by	
   phenix.refine	
   during	
   the	
   refinement	
  

procedure	
  then	
  the	
  final	
  model	
  quality	
  was	
  assessed	
  by	
  molprobity	
  (28).	
  The	
  water	
  network	
  and	
  other	
  

bound	
  ions	
  were	
  verified	
  in	
  COOT	
  (26).	
  The	
  structural	
  superpositions	
  were	
  done	
  by	
  SUPERIMPOSE	
  (29).	
  

The	
  dimer	
  interfaces	
  were	
  analyzed	
  with	
  PISA	
  (30).	
  Electrostatic	
  potentials	
  were	
  calculated	
  by	
  APBS	
  (31),	
  

all	
  visualizations	
  were	
  done	
  in	
  PYMOL	
  (32).	
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