


0.80 and 0.85. In all cases a force constant of k=30,000 kJ/mol was used. Figure S1a shows

convergence of the energy pro�le in the membranes-only system. As observed, there are no

signi�cant di�erences between 90ns and 100ns. Besides, �gure S1b shows histograms of the

order parameters for all 17 windows.
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Figure S1: Umbrella sampling convergence analysis for membranes-only system. a) Free energy
pro�les at di�erent simulation times in the steady-state regime. b) Histogram superposition for umbrella
sampling simulations. A set of 17 windows was used to recover free energy pro�les.

For simulation system including one Syt1-C2B wild-type domain, equilibrium points (�f0)

for each window were distributed as follows: 0.20, 0.25, 0.30, 0.35, 0.40, 0.45, 0.50, 0.52,

0.55, 0.56, 0.565, 0.58, 0.60, 0.65, 0.70, 0.75, 0.80 and 0.85. In all cases a force constant of

k=30,000 kJ/mol was used. Figure S2a shows convergence of the energy pro�le in the system

containing one Syt1-C2B wild-type domain. As observed, there are no signi�cant di�erences

between 90ns and 100ns. Besides, �gure S2b shows histograms of the order parameters for

all 18 windows.

For simulation system including two Syt1-C2B wild-type domains, equilibrium points

(�f0) for each window were distributed as follows: 0.20, 0.25, 0.30, 0.35, 0.40, 0.45, 0.50, 0.55,

0.58, 0.60, 0.625, 0.65, 0.70, 0.75, 0.80 and 0.85. In all cases a force constant of k=30,000

kJ/mol was used. Figure S3a shows convergence of the energy pro�le in the system containing

two Syt1-C2B wild-type domains. Progressive zoom insets detail free energy di�erences. As

observed, there are no signi�cant di�erences between 90ns and 100ns. Besides, �gure S3b

2



f 

G
 [

k
J/

m
o

l]

f 

c
o
u
n
t

a) b)

0.2 0.3 0.4 0.5 0.6 0.7 0.80.2 0.3 0.4 0.5 0.6 0.7 0.8

50

100

150

200

250

300

20ns

30ns

40ns

50ns

60ns

70ns

80ns

90ns

100ns

Figure S2: Umbrella sampling convergence analysis for simulation system including 1 Syt1-
C2B wild-type domain. a) Free energy pro�les at di�erent simulation times in the steady-state regime.
b) Histogram superposition for umbrella sampling simulations. A set of 18 windows was used to recover free
energy pro�les.

shows histograms of the order parameters for all 16 windows.

~2kJ/mol
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Figure S3: Umbrella sampling convergence analysis for simulation system including two Syt1-
C2B wild-type domains. a) Free energy pro�les at di�erent simulation times in the steady-state regime.
Progressive zooms show the di�erence in free energy between last two PMFs (90ns and 100ns). b) Histogram
superposition for umbrella sampling simulations. A set of 16 windows was used to recover free energy pro�les.
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For simulation system including two Syt1-C2B mutant T328E-T329 domains, equilibrium

points (�f0) for each window were distributed as follows: 0.20, 0.25, 0.30, 0.35, 0.40, 0.45,

0.50, 0.55, 0.58, 0.60, 0.65, 0.70, 0.725, 0.75, 0.80 and 0.85. In all cases a force constant

of k=30,000 kJ/mol was used. Figure S4a shows convergence of the energy pro�le in the

system containing two Syt1-C2B mutant T328E-T329 domains. As observed, there are no

signi�cant di�erences between 90ns and 100ns. Besides, �gure S4b shows histograms of the

order parameters for all 16 windows.
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Figure S4: Umbrella sampling convergence analysis for simulation system including two Syt1-
C2B mutant T328E-T329E domains. a) Free energy pro�les at di�erent simulation times in the steady-
state regime. b) Histogram superposition for umbrella sampling simulations. A set of 16 windows was used
to recover free energy pro�les.

Figure S5 shows time-averaged densities during stalk formation for selected values of the

collective variable. The three species of lipids used along this work are distinctly colored.

Unbiased molecular dynamics: from initially �at and parallel bilayers

We performed 5�s of unbiased molecular dynamics starting from initially �at and parallel

bilayers, for the three main cases studied in this work: membranes-only, with 2 Syt1-C2B

wild-type domains and with 2 Syt1-C2B mutant domains. Figure S6 shows molecular dy-

namics snapshots at t=1�s, wild-type domains are blue and mutant ones are green.

Figure S7 shows lipid density pro�les for the systems containing 2 C2B domains (wild-

type and mutant). From all three panels, PIP2 and POPS lipids show the most signi�cant
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f ~0.58 f ~0.75 f ~0.85

Figure S5: Time averaged densities during stalk evolution. Colors are assigned as follows: POPC
in red, POPS in green and PIP2 in blue. Water molecules are not shown.

Figure S6: Molecular dynamics snapshots at t=1�s. Lipid molecules are shown in black with PO4
beads in yellow. Wild-type Syt1-C2B domains are blue and mutant ones are green.

di�erence between wild-type and mutant systems. This observation supports the evidence

that wild-type C2B domains pull from PIP2 lipids to bring membranes together, in agreement

with Radial Distribution Functions (RDF) in �gure 6 in the main text.

Alternatively, �gure S8 shows RDFs for POPS. Panel S8a shows measurements for R398

and R399 for 2 Syt1-C2B wild-type and 2 Syt1-C2B mutant domains. Analogously, panel S8b

shows measurements for K326 and K327 in the same C2B domains. It can be observed that

residues R398,R399 and K326,K327 show signi�cant di�erences in their a�nity to POPS in

both master and servant mutant domains (red and green lines) when respectively compared to

their wild-type counterparts. We hypothesize that the reduced binding to PIP2 of E328,E329

in the mutated polybasic region of C2B domains (both master and servant), allows for other

key residues (such as, K326,K327 and R398,R399) to intensify their interactions with other
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Figure S7: Lipid species density pro�les. Pro�les show systems with 2 Syt1-C2B wild-type domains
(blue) and with 2 Syt1-C2B mutant domains (green).

acidic membrane lipids (such as POPS), hence altering the POPS density pro�les in �gure

S7.
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Figure S8: Radial distribution functions with POPS lipids. a) For R398 and R399 in C2B domains.
b) For K326 and K327 in C2B domains.

Figure S9 shows the minimum PO4:PO4 distance along Z axis as a function of the radial

XY distance to the center of the defect (where most probably the stalk will form). It can

be observed that 2 Syt1-C2B wild-type domains (blue line) locally pulls membrane together
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to a minimum inter-membrane distance of� 1.5nm. On the contrary, both membranes-only

and mutant domains systems keep the inter-membrane separation above 3nm, as already

suggested by molecular dynamics snapshots in �gure S6.

Figure S9 also veri�es that the defect is initially a local deformation, meaning that all

curves converge to� 4.25nm for radial distances far enough from the defect (� 6.5nm).

Figure S9: PO4:PO4 Z distance as a function of the radial XY distance to the center of the
defect. Data shows membranes-only system (black line), with 2 Syt1-C2B wild-type domains (blue) and
with 2 Syt1-C2B mutant domains (green).

Figure S10 shows the orientation of each C2B domain along unbiased molecular dynamics

for wild-type domains (S10a) and mutant ones (S10b). Analogously to �gure 5a in the main

text, (besides the non-linear relation in eq. 1) each domain orientation is now measured with

angle � , as de�ned geometrically in panel S10c and by the following equation:

� = atan
Dz

Dxy
(1)
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