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EXPERIMENTAL PROCEDURES 

Molecular Dynamic Simulation 

CHI Searches for initial dimer model building 

To generate a starting structure for the dimer where the I659XXXV663 motif forms the 

primary binding interface, the Neu sequence was subjected to a global conformational search in 

vacuum using the CHI algorithm (1). The distance between helices was set to 1.15 nm. Note that 

an inter-helical separation distance of ~1.1 nm is in agreement with the optimum distance found 

by previous conformational searches of Neu (2). Right and left-handed crossing angles, as 

defined by the angle between the principle axis of each helix, were set to -25º and 25º 



respectively. The helices were then rotated from 0º to 360º in increments of 10º. Each rotational 

step comprised four trial MD simulations of 5000 time-steps; for each trial the atomic velocities 

were assigned at random from a Maxwell-Boltzmann distribution. From the search results, 

topologies were collected using the CHI cluster calculation tool. The cut-off for the root mean 

squared difference between candidate structures was 0.1 nm. Up to eight structures within this 

cut-off constitute a complete cluster. The atomic positions of each member of the cluster are then 

averaged to yield a set of possible starting configurations for further MD simulation. A starting 

configuration was identified from these sets of clusters (Fig. S3). 

Simulation Parameters 

Force-field parameters for DPPC lipids were taken from the united atom force-field of 

Berger et al. (3). Water was modeled using the simple point charge (SPC) model (4). For the 

peptides the GROMOS96 53a6 set of parameters (5) were used. The ends of the peptides were 

terminated with neutral –NH2 and –COOH groups as charged groups would not normally exist at 

these positions in the native protein. The Arg and Lys residues within the helices were modeled 

in the protonated state. We chose to model the native peptide sequence with a Pro residue at 

position 655. Simulations were performed using the GROMACS simulation package, version 

4.5.1. (6-7). The Lennard-Jones interactions were cut off at 1.4 nm. For the electrostatic 

interaction, we used the particle-mesh Ewald method with a real-space cut off distance of 1.4 nm 

(8-9).  Simulations were performed in the NPT ensemble with semi-isotropic pressure coupling, 

where the simulation box in the direction of the bilayer normal (z-axis) and the cross-sectional 

area of the box in the x-y plane could vary independently. The temperature was maintained at 

310 K using a Nose-Hoover thermostat (10-11)with a coupling time constant of 0.4 ps. The 

pressure was set at 1 bar and controlled by a Parrinello-Rahman barostat (12-13) with a coupling 



time constant of 2 ps. The time step used in the simulations was 2 fs. All bonds in the system 

were constrained using the LINCS algorithm (6).   

Neu Protein-Bilayer Equilibration in Molecular Dynamics Simulation  

The equilibration steps were as follows: (i) up to 10000 steps of steepest descents energy 

minimization to remove any initial atomic overlaps; (ii) 4 ns of simulation in the NVT ensemble 

with position restraints of 1000 kJ/mol on all the heavy atoms in the protein; (iii) three additional 

6 ns simulations in the NPT ensemble with position restraints of 1000, 100 and 10 kJ/mol 

respectively on all the heavy atoms in the protein.  



Supporting Figure S1. Circular dichroism spectra of the Neu and Neu* TM domain peptides 

containing the native Pro655 reconstituted in DMPC vesicles (fine solid line and fine dashed line, 

respectively) and Neu and Neu* TM domain peptides containing a Trp residue at position 655 

reconstituted in POPC vesicles (bold solid line and bold dashed line, respectively).  Apart from 

spectral differences at wavelengths below 200 nm that can be attributed to increased light 

scattering of POPC vesicles vs. DMPC vesicles, all four spectra show the characteristic α-helical 

signature (negative maxima at 208 and 222 nm) and all are very similar in magnitude, indicating 

similar helical content. 

 

 

 



 

Supporting Figure S2. Transmission FTIR spectra of 

all four TM peptides studied after Fourier self-

deconvolution (14) was carried out on the amide I 

region of the spectrum (1700-1600 cm
-1

) using an 

enhancement factor of 2.0 and a bandwidth at half-

height of 13 cm
-1

.  Fine lines show the Gaussian curves 

that produced the best fit to the data (fit carried out 

using GRAMS/AI software, Thermo Scientific).  The 

curve of best-fit is shown as an overlay with the 

spectrum.    

 

 

 

 



Supporting Figure S3.  Initial configuration of the Neu complex generated from a global 

conformational search using CHI (15). The peptide backbone is shown in grey ribbons and the 

I659XXXV663 motif is shown in space filling format. 

 



 

Supporting Figure S4.  Distance of the centre of mass of the dimer to the centre of the bilayer 

as a function of time.  

 

 

Supporting Figure S5.  Percentage helicity of the dimer as a function of time. 

 



Supporting Figure S6. Percentage helicity per residue averaged over 0-20, 20-40, 40-60, 60-80 

and 80-100 ns, for each of the helical peptides in the bilayer.  

 



 

Supporting Figure S7. Distance between the two helices as a function of time computed from 

their crossing angle. 

 



 

Supporting Figure S8. Inter-helical residue distance maps (in units of Angstroms) for the Neu 

dimer, averaged over the last 15 ns of the trajectory. 

 

 

 

 

 

 

 



Supporting Table S1. Centers of the amide I and amide II bands in FTIR spectra of all four TM 

peptides in POPC bilayers, along with the full integrals of those bands before and after exposure 

to deuterium oxide in HDX experiments. 

 Neu Neu* NeuQM Neu*DM 

frequency (cm
-1

):     

amide I (center) 1656 1655 1655 1655 

amide II (center) 1545 1544 1545 1545 

     

Initial:     

amide I integral 7.13 12.03 6.03 6.92 

amide II integral 2.26 3.64 1.62 2.02 

1 hr. D2O     

amide I integral 6.02 9.17 5.27 5.87 

amide II integral 1.95 2.86 1.52 1.67 

22 hr. D2O     

amide I integral 6.27 9.69 5.43 5.91 

amide II integral 1.93 2.95 1.41 1.44 
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