Appendix e-1
Molecular modelling of HLA class II-IgLON5 peptide interactions
This simulation protocol delivers a binding free energy score that can be used to approximately estimate the relative binding affinity of a peptide for a particular HLA allele, by building appropriate thermodynamic cycles.1
The structure of HLA-DRB1*01:01 in complex with class II-associated invariant chain peptide (CLIP) fragment P103-P119 was obtained from the Protein Data Bank (PDB) entry 3PDO.2,3 Missing atoms in the crystallographic structure were modelled with the software Swiss-Pdb Viewer.4 The initial system configuration for the modelling of HLA-DRB1*01:01 interactions with selected peptides included residues K2-I82 of DRA1*01:01 and R4-Q92 of DRB1*01:01, constituting the peptide-binding domain of the HLA molecule, and the nine CLIP residues (M107-M115) occupying positions P1 to P9 in the binding groove. The CLIP fragment was then converted to a nona-glycine peptide by removing the side chains of the nine residues. The chosen modelling approach generates the side-chain atoms corresponding to the query peptide (from the experimental set) via a molecular dynamics slow-growth technique under non-equilibrium conditions, thus transforming the nona-glycine peptide into the query peptide within the HLA-DRB1*01:01 binding groove. Additionally, the method allows the assignment of a binding score. For each query peptide (LRLLAAAAL and IVHVPARIV) the side-chain atoms that were to be generated on the nona-glycine scaffold were defined as dummies in the biomolecular force field of the GROMOS96 simulation package.5 A dummy atom is one that has no interactions with the rest of the system. All other atoms in the system were assigned standard parameters from the 54B7 force field for vacuum boundary conditions, which includes the shielding of charge-charge interactions in a very crude way to mimic a basic solvent effect.6 The protonation state of ionisable residues was chosen to mimic a neutral pH. Following a steepest-descent energy minimization of the system in vacuum, a non-equilibrium slow-growth molecular-dynamics simulation (200 ps) at 10 K was performed. The low temperature was chosen to limit the extent of protein dynamics under the vacuum conditions. In the course of the simulation the dummy atoms were progressively transformed into regular atoms (i.e., atoms with standard force field parameters) using a soft-core potential to avoid singularities in the initial time steps, while the positions of HLA-DRB1*01:01 backbone atoms were restrained with a harmonic potential. During the process, the growing atoms (i.e., atoms that were initially dummies) accommodate to the binding-groove environment under the sole influence of the force field. The simulation delivers the work involved in the transformation of the nona-glycine peptide into the query peptide under the specified conditions.7 To accumulate statistics on this non-equilibrium process, the simulation was repeated 1000 times with different initial velocity distributions. The free-energy change associated to the transformation was estimated from the work values by means of Jarzinsky’s equation:
ΔG = −kBT lnexp(−W/kBT)  
where kB is Boltzmann’s constant, T is the absolute temperature, W is the work, and the angle brackets denote an average over the 1000 work values.8
To obtain a score that can be used to rank the binding of different peptides, the previous transformation (nona-glycine to query peptide) needs to be performed also for the isolated peptide in vacuum. The binding score can then be calculated as: 
Sbind  ΔΔGbind = ΔGgroove – ΔGvacuum  ,
where ΔGgroove refers to the transformation within the HLA-DRB1*01:01 binding groove and ΔGvacuum refers to the transformation of the isolated peptide. Note that, because of the conditions of the transformation, this score does not include the effects of solvation and entropy. It therefore responds only to the relative enthalpic affinity between the HLA molecule and the query peptide.
The same procedure was used to estimate the binding affinity of the two peptides for HLA-DRB1*10:01. Since there is no crystallographic structure available for this protein, we generated a model for its binding domain using the software Modeller, with the structure of HLA-DRB1*01:01 (PDB entry 3PDO) as template (available structure with most similar sequence).9 Peptide binding affinities were thereafter estimated with this model.
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