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Figure S1, related to Figure 5 

Short-range components of the van der Waals and electrostatic contributions to the potential energy 

of the protein-membrane complex calculated from the shorter SMD simulations, duration 40 ns and 

a pulling rate of 1.0 Å/ns. The van der Waals potential energy is shown for (A) the system with 

neutral H355 and (B) the system with H355 in a protonated state. Electrostatic potential energies are 

shown in (C) for neutral H355 and in (D) for H355 in a protonated state. The traces are qualitatively 

similar in shape to those calculated for the slower SMD simulations, 80 ns duration and a pulling 

rate of 0.5 Å/ns. 
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Figure S2, related to Figure 5 

Interactions of the protein with both PI(3,4,5)P3 and the lipids in the membrane are enhanced by 

protonation of H355. (A) Distance between the center of mass of the I(1,3,4,5)P4 headgroup and the 

center of mass of H355 in the membrane-bound SMD simulations for both the neutral H355 case 

(black) and the protonated H355 case (green). The protonated H355 residue appears to act as a 

'latch', prolonging the interaction between the protein and the I(1,3,4,5)P4 headgroup as the protein 

is pulled away. (B)  The same measure is shown, this time for the SMD simulations carried out with 

the protein and isolated I(1,3,4,5)P4 headgroup in solution, with no bilayer present. The 'latching' 

behavior seen in the membrane-bound simulations is still observed, but is a much weaker effect in 

the absence of the lipid bilayer, suggesting that protonation also favours a more substantial 

interaction with the membrane. 
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Figure S3, related to Figure 2 

Conformational drift of bound GRP1-PH during the equilibrium MD simulations. (A) Root mean 

square deviation and (B) root mean square fluctuation of the protein Cα atoms over the 100 ns 

trajectories. The wild type simulations are shown in black and red, while the simulations of the 

A346E mutant are shown in blue and green. 
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Figure S4, related to Figure 4 

RMSD of the protein Cα atoms over the course of the SMD trajectories (A) RMSD of the protein 

Cα atoms for the faster SMD trajectory, duration 40 ns and a pulling rate of 1.0 Å/ns, and the 

resulting effect on the RMSD when the force was removed and the system was simulated under 

equilibrium conditions for a further 20 ns. There is considerable distortion induced in the secondary 

structure during the SMD simulations, particularly in the case where H355 is protonated, reflecting 

the higher affinity binding to the membrane. Removing the applied force and continuing the 

simulation leads to partial recovery of the secondary structure. (B) RMSD of the protein Cα atoms 

for the slower SMD trajectory, duration 80 ns and a pulling rate of 0.5 Å/ns. Distortion is still 

induced in the protein structure even at this slower pulling rate. 
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SUPPLEMENTAL EXPERIMENTAL PROCEDURES 

Molecular dynamics simulations 

Forcefield parameters for the I(1,3,4,5)P4 headgroup were obtained using PRODRG (Schuettelkopf 

and van Aalten, 2004), and atomic partial charges were refined by performing geometry 

optimization and a subsequent single-point energy calculation on the headgroup using the 

GAUSSIAN package (Frisch et al., 2004), with the 6-31G** split valence basis set and the B3LYP 

hybrid functional (Becke, 1993; Lee et al., 1988; Stephens et al., 1994) in a similar vein to Blood et 

al. (Blood et al., 2008) and Lupyan et al., (Lupyan et al., 2010). 
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