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1. Supplementary Results 

Standard MD Simulations  

Supplementary Figure 1 | Glycopeptide/Membrane interactions 

Supplementary Figure 2 | RMSD trace for the helix core 

Supplementary Table 1 | 2Amax values for pure DMPC bilayer and in presence of CSF114 and 

CSF114(Glc) 

Supplementary Table 2 | TOCSY Spectra in DPC micelles. 

Supplementary Figure 3 | Cluster Analysis 

Supplementary Figure 4 | CSF114(Glc)-mAb8-18C5 complex  

 

2. Supplementary Methods 

Supplementary Figure 4 | Cluster Analysis 

Supplementary Figure 5 | FMD setup 
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Supplementary Table 3 | List of residues considered in the contact collective variable.   

Supplementary Figure 6 | Docking Grid Parameters 

Setting for the CSF114(Glc) and CSF114 simultations in explicit TIP3P solvent model 

 

3. Supplementary References 

1. Supplementary  Results 

 

Standard MD simulations of CSF114(Glc) and CSF114. To assess the stability of the binding 

conformations of CSF114(Glc) and CSF114 identified through FMD calculations, we performed a 

series of over 100 ns long MD simulations. In particular, the peptides were sampled in their bound 

state to the membrane (see Fig. 2 in the main text) and in fully solvated systems. Both the peptides 

show a different behaviour in the diverse environment. In fact, in the membrane environment 

CSF114(Glc) and CSF114 conserve the α-helix structure throughout all the simulations, showing a 

good conformational stability particularly in the case of CSF114(Glc) (Supplementary Figure 3). 

The first binding mode of CSF114(Glc), where the peptide interacts with the phospholipid bilayer 

through its glycosylated side, is the most stable pose with all the peptide/membrane interactions 

conserved during the whole simulation (Supplementary Figure 2). We stress that in these 

simulations the peptides are fully flexible, however in all the cases the α-helix structure is 

conserved along the over 100 ns MD simulation (Supplementary Figure 2 and Figure 2f and g in the 

main text). 

This structural stability is not present when the peptides are in the bulk water. In this case, the 

simulations highlight a high conformational flexibility of both the peptides, which lose the starting 

α-helix structure in the first 10 ns of simulation. This instability is reflected by the high rmsd values 

computed for CSF114(Glc) and CSF114 during the simulations in fully water systems with respect 

to the NMR conformations  (Supplementary Figure 2). Our findings are in agreement with the 

experimental observations1,2 showing that CSF114(Glc) and CSF114 assume random-coil 

conformations in pure water environment.  

Our results demonstrate that the membrane plays a key role in stabilizing the peptides α-helix 

structure, with the glycosylated peptide overall more stable than the non-glycosylated one 

(Supplementary Figure 2). 

The stability of the two binding conformations of CSF114(Glc), Side 1 and Side 2, has been further 

evaluated computing the rmsd values of all the Cα atoms with respect to their position in the NMR 

structure (Figure 2e in the main text). Comparing Figure 2d and 2e in the main text, one can note 
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that the higher rmsd values reported in Figure 2e are due to the conformational flexibility of the N-

ter and C-ter resides and overall the Side 1 binding mode is more stable than the Side 2 one. 

 
Supplementary Figure 1 | CSF114(Glc)/Membrane and CSF114/Membrane interactions 

during standard MD simulations. Percentage of the existence of peptide/Membrane interactions 

along the 100 ns MD simulations for Side 1 (a), Side 2 (b) of CSF114(Glc), and CSF114 (c). 
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Supplementary Figure 2 | The rmsd plot reveals the α-helix stability. Plot of the rmsd values of 

the Cα atoms of the core residues forming the α-helix structure (5-12 aa) computed with respect to 

the NMR conformation. 
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Supplementary Table 1 | 2Amax values for pure DMPC bilayer and in presence of CSF114 

and CSF114(Glc). It is possible to note that, in all cases, the flexibility gradient with the chain 

position of the lipid bilayer membranes is preserved. However, inspection of Table 1 reveals a 

significantly different behavior of the lipid chain mobility depending on the presence of the two 

peptides. 

 

 

 

 

Supplementary Table 2 | TOCSY spectra in DPC micelles. Attenuation of the NH signals in the 

TOCSY Spectra of CSF114(Glc) and CSF in 50mM of DPC by spin-labels 5-DS. 
Residue CSF114(Glc) +5-DS CSF114+5-DS 
THR  1 Strong Strong 
PRO  2 / / 
ARG  3 No No 
VAL  4 Medium Strong 
GLU  5 Strong Strong 
ARG  6 No No 
ASN  7 Medium No 
GLY  8 No No 
HIS  9 No No 
SER 10 No No 
VAL 11 Medium Medium 
PHE 12 Medium Strong 
LEU 13 Strong Strong 
ALA 14 Strong Strong 
PRO 15 / / 
TYR 16 Strong Strong 
GLY 17 Strong Strong 
TRP 18 Strong Strong 
MET 19 Strong Strong 
VAL 20 Strong Strong 
LYS 21 Strong Strong 

Strong  (>70%), Medium (30-70%) and  No or / (0%)  
 

 

 

2Amax /G  
Probe Position 5-PCSL 7-PCSL 10-PCSL 14-PCSL 

DMPC 

+ CSF notGlyco peptide	
  

+ CSF Glyco peptide 

49.8 ± 0.1 

50.6 ± 0.2 

46.3 ± 0.1 

46.1 ± 0.1 

46.4 ± 0.2 

41.2 ± 0.1 

43.2 ± 0.1 

42.9 ± 0.1 

35.1 ± 0.2 

33.6 ± 0.1 

33.6 ± 0.2 

32.8 ± 0.1 
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Supplementary Figure 3 | Cluster analysis of standard MD simulations. a. Results of the cluster 

analysis of the 100 ns long MD simulation of the Side 1 binding mode of CSF114(Glc) (see Fig. 2c 

in the main text). In the black box the structure with the lowest rmsd value with respect to the NMR 

structure is reported; b. Results of the cluster analysis of the 100 ns long MD simulation of the Side 

2 binding mode of CSF114(Glc) (see Fig. 2d in the main text). In the black box the structure with 

the lowest rmsd value with respect to the NMR structure is reported, while in the green box the 

structure that gave the best docking result. In black above the bars are reported the rmsd values 

computed for all the Cα atoms of the representative conformation of each family with respect to the 

NMR structure, while in red are the rmsd values computed only for the Cα atoms forming the α-

helix core (5-12 aa).  

The representative conformation of each family was undergone to docking calculations. 
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Supplementary Figure 4 | Hints for probe design. a. Superimposition of the computed binding 

mode of CSF114(Glc) on the X-ray crystal structure of the MOG/mAb8-18C5 complex. The 

CSF114(Glc) peptide is shown in yellow with white stickes, the light and heavy chains of autoAb 

are colored in orange and red, respectively, and the MOG is represented in purple; b. The inset 

shows the position of Gly8 (Cα as white sphere) in the CSF114(Glc)/mAb8-18C5 complex, which 

might be mutated in a residue able to mimic the interaction engaged by Arg101 of MOG (purple 

sticks) with Tyr94 of mAb8-18C5 (orange sticks). 
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2. Supplementary Material and Methods 

 

 

 
Supplementary Figure 5 | FMD setup. Schematic representation of the funnel restraint potential 

used in FMD calculations. COMm= center of mass of the membrane; COMp= center of the mass of 

the peptide; Z is the axis perpendicular to the membrane surface; Zcc is the distance from COMm 

where the restraint potential switches from a cone shape into a cylinder; the α-angle (rad) defines 

the amplitude of the cone; Rcyl is the radius of the cylindrical section. We stress that inside the 

funnel the external bias felt by the system is equal to 0, while a repulsive potential, felt by the 

system when COMp reaches the edge of the funnel, discourages the system to visit regions outside 

the funnel (see ref. 25 in the main text for details). 
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Supplementary Table 3 | List of residues considered in the contact collective variable.  List of 

the residues considered for the contact collective variable for both CSF114(Glc) and CSF114. The 

protein Cα atoms and the phosphate groups of the membrane were considered to compute the 

contact collective variable values. 

 

Side 1 Side 2 

Arg6 Glu5 

Asn7 His9 

Ser10 Leu13 

Val11 Phe12 

 

 

 
 
Supplementary Figure 6 | Docking grid box. Docking calculations between CSF114(Glc) and 

mAb8-18C5 were performed in the region defined by the grid box (dashed lines), which was 

centered on the complementary-determining regions (CDRs) of the light and heavy chains where 

antigen/antibody binding typically occurs. 
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Setup of the CSF114(Glc) and CSF114 MD simulations in fully water systems. 

System Parametrization. The CSF114(Glc) was obtained from the NMR experiments described in 

the main text and then parameterized using the ff99SBildn, gaff, and GLYCAM_06 force fields of 

Amber11 suite3. The structure of the non-glycosylated peptide, CSF114, was obtained from the 

NMR experiments described in the main text and then parameterized using the ff99SBildn force 

field.  

MD simulations. All the simulations were carried out using the NAMD 2.8 software4,5 and TIP3P 

as water solvation model6. The net charge of each system was neutralized adding 2 Cl- ions. The 

initial box dimension was 51.60 x 50.00 x 60.50 Å for both peptides. The CSF114(Glc)-TIP3P and 

CSF114-TIP3P system consist of  14192 and 11999 atoms, respectively. The equilibration phase 

was performed as follows: (i) 4000 steps of conjugate gradient minimization, where harmonic 

constraints on the system were progressively reduces; (ii) 90 ps of heating phase from 50 K to 300 

K using the Langevin thermostat, where harmonic constraints on the peptide backbone atoms were 

progressively reduces; (iii) 70 ps of pressure equilibration with a target pressure of 1.01325 bar and 

using the Nosè-Hoover Langevin barostat, where harmonic constraints were gradually switched off; 

(iv) 100 ps of pressure equilibration without constraints; (v) 100 ns of production phase. The 

production phase was carried out using the periodic boundary conditions in the NVT ensemble. The 

time-step was set to 2 fs and the RATTLE algorithm was used for the hydrogen atoms. The 

temperature was retained at 300 K using the Langevin thermostat. All the simulations were 

conducted using a cutoff of 12 Å for both electrostatic and van der Walls interactions, while the 

long-range electrostatics were treated using the PME methodology7 with a grid spacing of 1.0 Å 

and an interpolation order of 4.    
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