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Abstract 

Introduction: Intrinsically disordered proteins (IDPs), proteins that do not have a stable 
three-dimensional structure, make up a significant portion of our proteome. Intrinsically 
disordered proteins and regions (IDRs) are important in many biological functions such as 
signaling and regulation and are associated with a large number of neurodegenerative 
diseases such as Alzheimer's, Parkinson's, Huntington's, cardiovascular disease and many 
cancers. Although the importance of these proteins has been known for nearly two decades, 
there is still a lack of high-resolution experimental data on this group of biological 
macromolecules and the mechanism of these proteins remains largely unexplored. In the 
study of intrinsically disordered proteins and regions, obtaining data at the atomic level is of 
great importance that molecular dynamics simulation provides this potential.  

Methods: The Replica Exchange Molecular Dynamics (REMD) method effectively reduces 
the free energy barrier by increasing the probability of sampling conformations with higher 
free energy and temperature and thus allowing for more efficient conformational sampling 
during simulation in parallel, at the range of temperatures. 

 Results and discussion: Due to the high structural dynamics of IDPs and IDRs, they can 
interact with several biological targets with high specificity and low efficiency. Conformational 
changes of these proteins play an important role in pathogenesis. REMD simulations showed 
the effect of some factors such as ligand binding and interaction with osmolytes on the 
folding or unfolding of some of these proteins. Simulations also demonstrated the flexibility 
and polymorphism of the interactions of some IDPs with protein substrates. This 
conformational heterogeneity plays a critical role in the function of these fuzzy complexes. 
Also, using studies performed by this method, the effect of post-translational modifications on 
the conformational ensemble of IDPs was detected. 

Conclusion:  Studying IDPs using REMD provides data on the conformational changes of 
these proteins at various conditions such as binding to different ligands or protein substrates 
as well as interaction with osmolytes. This information can potentially provide insights to 
design of drugs that control the conformation of these proteins in pathogenic conditions. 
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