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SUPPORTING MOLECULAR DYNAMICS SIMULATION RESULTS

The twinfilin C-terminal tail has transient structure in helical and turn conformations. The
structure offlexible carboxy-terminal tail (residues 317-350) of twinfilin has remained unknown due to its
flexible nature. However, secondary structure prediction algorithms (1-3) indicate possible helical or beta
sheet structures at the regions 320-323 and 334-340 (data not shown). To probe the propensity of the
twinfilin tail for well- defined secondary structure, we first performed unbiased MD simulations of the C-
terminal tail region detached from the rest of the protein. We studied three different membrane-free
systems in water (Table S1), with different starting conformations for the tail: random coil (system 1),
antiparallel B-sheet (system 2) or a- helical (system 3). The coil-based simulation showed highly transient
structures with minor helical and beta sheet content. Most notably, during the second half of the
simulation, the proline-containing regions K325- G328 and G341-E344 remained in a turn conformation
(Movie S1). The turn conformation between the residues G341 and E344 appeared also in simulations
that started with either -sheet or a-helical conformation. Interestingly, for the helix-based simulation, the
middle region of the tail (K332-1339) remained in a folded conformation throughout all explored
timescales in every simulation (Fig. S2 A, Movie S2), while the B-sheet starting conformation maintained
the B-sheet structure in a much smaller region and was largely unfolded (Fig. S2 D). Results of additional
Replica Exchange Solute Tempering simulations (system 4) did not indicate substantial folding (data not
shown). Overall, our simulations indicated that the C-terminal tail region to be mainly unfolded, with
transient structures consistent with a-helical and turn conformations.The simulation results on the
transient structures found in the twinfilin C-terminal tail were used to construct a more complete
description for twinfilin. To build systems 5 and 7 (Table S1), in other words the C-terminal ADF-H
domain attached to the 34-residue tail in either a-helical or B-sheet structure, we performed clustering
analysis on the concatenated trajectories of systems 3 and 2, respectively. The N-terminal ADF-H domain
was not included in these experiments to reduce system size. For the clustering analysis, we used the
leader follower algorithm (4,5), we used the root-mean square deviation (RMSD) of carbon backbone
atoms as a collective variable. For the helical case, the protein trajectory was aligned on the carbon
backbone atoms of residues K332-1339 (i.e., the middle region that remained folded throughout all
simulations) and, with a cutoff of 1.5 nm, we obtained three different clusters (see conformations of
centroids in the top of Fig. S2 A). For the B- sheet (Fig. S2 D-E), the alignment was done on the carbon
backbone atoms of residues K333-I339, and with a cutoff of 1.5 nm we obtained one very populated
cluster and five less populated ones. We used the most prevalent cluster to reconstruct the C-terminal
domain together with the tail (system 7).
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SUPPORTING TABLES

Table S1: Descriptions of simulated systems and the simulation details

Initial
distance
No. of lipids in from
upper leaflet f lower leaflet membrane
System Starting tail = No. of No. Of surface* Simulation Simulation
number | Systemtype | conformation | PC:PE:P5:PI(4,5)P./PC:PE:PS | repeats | waters (nm) time (ns) type
1 C-ter tail* Random coil - 1 47189 320 Unbiased
19567, Unbiased
-’ & -
2 C-ter tail Beta sheet 2 18550 350
45671, 160,
: 45671, 200, Unbiased
X & s
3 C-ter tail Helical 4 45671, 240,
45671 400
Replica
g PR e - 1 31020 100 UCH
tail solute
tempering
50797, 6.0, 450,
50793, 5.4, 400,
C-damain with i 88:40:35:23 / 50798, 2.8, 700, )
g tail " Kl 109:41:34 i 51091, 532, 160, Kiniced
51101, 3.5, 70,
51091 5.2 200
C-domain with : BB:40:35:23 / 50703, 4.5, 570, Unbiased
] Randi | 2
tail " G 109:41:34 50760 48 230
: catil 51193, 300, :
7 C'do':'zl':w"h Beta sheet Sal':!?_':i'_';:" 3| s11es, 55'1 300, Unhiised
e 51168 ' 00
g 88:40:35:23 f Unbiased
] C-ter tail* Randi | 1 38095 35 230
er ta ndom col 106:41:34
36138, 432,
’ 88:40:35:23 / 36138, 432, Unbiased
9 Ceter tail* Helical 4 100
= o 109:41:34 36138, a2,
36138 4.2
35091, 4.3, 400,
35087, 4.0, 260,
10 C-domain B8:40:35:23 6 35098, 5.1, 270, Unbiased
witheut tail® 109:41:34 35104, 5.1, 300,
15076, 4.2, 330,
35076 4.2 280
50793, 6.2, GO0,
Tl 50753, 6.3, 600,
11 C':fﬂipzf:h Helical T 6 o - o Unbiased
o - : 109:41:34 50793, 72, 600,
50753, 7.4, a0,
50793 6.0 600

A 34_residue long C-terminal tail of 2HD?7 (i.e., residues 317-350).

B 176-residue long C-domain of 2HD7 including the last 34-residue long tail.

€ 142-residue long C-domain of 2HD7 without the last 34-residue long tail.

* Distance along membrane normal direction between the center of mass of the protein and the center of mass of the phosphorus
atoms of the PIP-rich bilayer.

** Both the average and the minimum distance between the protein and the PIP-rich bilayer were purposefully small with the
putative binding site of the protein facing away from the bilayer. During the course of 700 ns, the protein twisted around and

reproduced, once more, the binding site observed in the previous two simulations.
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Figure S1. Twinfilin has higher affinity towards more charged phosphoinositides. A representative gel
image of a lipid vesicle co-sedimentation assay on wild-type full length twinfilin (40 kDa).
S=supernatant, P=pellet. Protein concentration was 2 uM and total concentration of lipids was 500 pM.
The lipid composition was POPC:POPE:POPS:PIP= 55:20:20:5, except in “no PIP” sample, were lipid
composition was POPC:POPE:POPS= 60:20:20.
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Figure S2. The isolated tail of twinfilin interacts with lipids. (A) A vesicle co-sedimentation assay
performed on purified GST and GST-twinfilin tail fusion protein. The final protein concentration was 2
uM, and the lipid concentration varied from 0 to 1000 uM. The lipid composition was
POPC:POPE:POPS:PI(4,5)P2 = 50:20:20:10. Data points are a mean of four individual experiments.
Error bars represent standard deviations. (B) A vesicle co-flotation assay performed for the same proteins.
The final protein and lipid concentrations were 1 pM and 1 mM, respectively. The lipid composition was
POPC:POPE:POPS:PI(4,5)P2 = 50:20:20:10. Data are shown as individual data points and as the mean
from four experiments. Error bars represent standard deviations.
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Figure S3. The structure and electrostatics of the twinfilin tail. (A) Most prevalent a-helical conformation
of the C-terminal tail of twinfilin as found by cluster analysis performed on atomistic MD simulation in
water (top). C-terminal ADF-H domain is also shown (bottom). (B) C-terminal tail in its most stable
helix-containing conformation shown attached to the C-terminal ADF-H domain. (C) Electrostatic
potential isocontours of the C-terminal ADF-H domain and the tail region in the o-helix-containing
conformation are shown for -1.5 kT/e (red) and +1.5 kT/e (blue). (D) The B-sheet conformation of the
tail region (top) of twinfilin and the structure of C-terminal ADF-H domain (bottom). (E) The tail in B-
sheet conformation attached to the C-terminal ADF-H domain of twinfilin. (F) Electrostatic potential
isocontours of the tail in B-sheet conformation and C-terminal ADF-H domain of twinfilin are shown for
-1.5kT/e (red) and +1.5 kT/e (blue).
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Figure S4. The binding affinity of lipids and twinfilin with and without the tail region. Number of lipids
hydrogen-bonded to any residue of twinfilin without tail (A) and with tail (B). Each line graph represents

individual simulation experiment.
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Figure S5. Contact frequency between lipids and twinfilin. The residue-residue contacts (calculated with
an atom-pair cut-off of 5 A) between the protein and lipids calculated over the last 50 ns. The opacity of
the circular marks is proportional to the frequency of contacts with a particular residue. Positions of the
residues that strongly interact with the membrane (K320, S322, K325, K327, G328, G331, K332, R333,
R336, R337, R340 in the C-terminal tail and S265, R267, R269, R285, D298 in the ADF-H domain) are
marked with vertical lines. Simulation repeats and systems where no contact is observed are not shown.
The reproducibility of the membrane contacting residues particularly in the C-terminal tail is enhanced in
a-helical tail (system 5) conformation when compared to B-sheet tail (system 7) conformation and
neutralized a-helical tail (system 11).
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Figure S6. Atom number densities as a function of z-axis (membrane normal) estimated from
simulations with a-helical (top panel, system 5), B-sheet (middle panel; system 7) and random coil
(bottom panel; system 8)) C-terminal tail conformations. In all three systems, the average atom number
densities of the lipids over all repeats (see Table S1) are shown in lines (center of the membrane is placed
at z=0). The atom number densities of the C-terminal and N-terminal regions of the protein are shown
semi-transparently (grey and pink, respectively) for each repeat performed for the system, separately.
Strong overlap between the C- and N-terminal regions of the protein and PI(4,5)P2-containing leaflet (red
line) is only seen when C-terminal tail is in a-helical (top panel, system 5) conformation. In other
conformations of the tail (B-sheet (middle panel; system 7) and random coil (bottom panel; system 8)),
protein either does not bind the membrane or localizes to non-PI(4,5)P2-containing leaflet.
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Figure S7. The conformation changes in the secondary structure of twinfilin upon lipid-binding. The
secondary structure content of twinfilin was calculated using DSSP (6-7) for the initial and the last 50 ns
of each simulation repeat with C-terminus initially in a-helix (system 5; upper panel), B-sheet (system 7;
lower left panel), and random coil structures (system 6; lower right panel). The DSSP secondary
structures were further grouped into helix (a-helix, 3-helix, or 5-helix), B (B-sheet or B-bridge), and
unstructured (rest) categories for simplicity. The consensus secondary structure over all repeats in the first
50 ns (10 frames X Number of repeats) and that over the last 50 ns (10 frames) for each repeat are shown.
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Figure S8. A periodical pattern of arginines in the twinfilin tail. Positively charges arginines R333
(green), R336 (yellow), R337 (orange) and R340 (red) follow pattern of n,n+3 and n,n+4 to form a

surface of positive charge on one side of the helix for lipid interaction, thus supporting the proposed
helical structure in the tail.
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SUPPORTING MOVIE LEGENDS

MOVIE S1.
Proline-rich regions generate two turns in the C-terminal tail of twinfilin-1 (system 1).

MOVIE S2.
The middle region of the twinfilin tail remains in a a-helical conformation (system 3).

MOVIE S3.

Twinfilin binds efficiently the PI(4,5)P2-rich membrane leaflet (system 5). A simulation (400 ns) of
twinfilin with the tail in a a-helical conformation and membranes with (top) the PI(4,5)P2-rich and
(bottom) the PI(4,5)P2-free leaflet. Leaflets are periodic images of the asymmetric lipid bilayer.

MOVIE S4.

Twinfilin tail in a coil conformation does not bind the PI(4,5)P2-rich membrane leaflet (system 6). A
simulation of twinfilin with the tail in a coil conformation and membranes with (top) the PI(4,5)P2-rich
and (bottom) the PI(4,5)P2-free leaflet. Leaflets are periodic images of the asymmetric lipid bilayer.

MOVIE S5.
Twinfilin tail in a B-sheet conformation does not bind the PI(4,5)P2-rich membrane leaflet efficiently
(system 7). A simulation of twinfilin with the tail in a B-sheet conformation and membranes with (top) the
PI(4,5)P2-rich and (bottom) the PI(4,5)P2-free leaflet. Leaflets are periodic images of an asymmetric
lipid bilayer.

MOVIE Sé6.
Twinfilin tail in a a-helical conformation binds the PI(4,5)P2-rich membrane leaflet efficiently even
without the ADF-H domain (system 9).

MOVIE S7.

Twinfilin without the tail does not bind the PI(4,5)P2-rich membrane leaflet (system 10). A simulation of
twinfilin without its tail and membranes with (top) the PI(4,5)P2-rich and (bottom) the PI(4,5)P2-free
leaflet. Leaflets are periodic images of an asymmetric lipid bilayer.
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