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Multiple sclerosis (MS) is an autoimmune disease mediated by T-cell responses to central 
nervous system autoantigens. Genetic factors play a significant role in its etiology, with the 
HLA locus standing out as the primary region associated with susceptibility. Certain HLA-
DRB1 alleles are correlated with both risk and protection, although the mechanisms underlying 
this divergence remain poorly understood. Polymorphic residues in the DRB1 binding groove 
are crucial for peptide specificity and recognition by T-cell receptors, but the impact of 
conformational variations in this groove remains poorly explored. In this study, molecular 
dynamics (MD) simulations were conducted to investigate the intrinsic structural plasticity of 
HLA-DR allelic variants in the peptide-free form, seeking to identify topologies capable of 
differentiating the dynamic behavior of predisposing and protective alleles. To perform the MD 
simulations, the methods involved obtaining the crystallographic structure of the DRB1*15:01 
allele, modeling missing residues, and constructing five additional allelic isoforms of DRB1, in 
addition to DRB5*01:01. The resulting seven heterodimers were inserted into lipid bilayers 
using the CHARMM-GUI server and subjected to 500 ns simulations with GROMACS. The 
trajectories were analyzed through RMSD, RMSF, molecular volume, free energy landscape 
(FEL), and binding energy calculations using the MM/PBSA method. The complexes showed 
structural stability, with an average RMSD of 2.2 Å and approximate volumes of 28,622 Å³. 
The ΔRMSF, calculated for the low-risk allele DRB1*01:01, showed greater mobility in the risk-
associated variants, especially DRB1*15:01 and DRB1*15:03, whose positive fluctuation 
areas of the polymorphic chain were higher. However, the heterogeneous distribution of 
fluctuations along the chains points to the existence of complex and multivariate dynamic 
patterns. FEL analysis indicated that protective alleles share low-energy conformational 
regions, suggesting functional convergence. In contrast, DRB1*15:01 exhibited a more 
dispersed energy landscape, sharing no metastable states with DRB1*15:03, but partially 
overlapping with DRB5*01:01, present in the same haplotype. Binding energy calculations 
revealed comparable affinities between DRB1 variants (≈ –162 kcal/mol), indicating similar 
stability at the interface with the non-polymorphic chain. Taken together, the results suggest 
that greater structural flexibility and conformational diversity characterize the alleles 
associated with MS risk, possibly contributing to a greater capacity for antigen self-
presentation or escape from central tolerance. Conversely, the conformational convergence 
observed among the protective alleles may reflect functional constraints that limit the activation 
of autoimmune responses. Furthermore, the heterogeneous distribution of fluctuations 
observed in the ΔRMSF curves, particularly in polymorphic regions, highlights distinct patterns 
of mobility between risk and protective alleles. This variability, coupled with subtle differences 



 
in local dynamics, suggests the existence of conformational patterns, the elucidation of which 
requires approaches capable of integrating multiple structural and temporal variables 
extracted from the trajectories. Given the observed conformational complexity, supervised 
machine learning models are being developed to identify dynamic signatures that differentiate 
risk and protective alleles. The results of this research are expected to contribute to the 
advancement of the mechanistic understanding of the structural bases of susceptibility to MS, 
in addition to providing support for future investigations into the mechanisms of antigen 
presentation and recognition by T cells. 
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