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Determining a protein’s functional conformation is one of the greatest challenges in 

structural biology. Although folded proteins easily interact with numerous partners, roughly 
35–50% of the human proteome does not adopt stable three-dimensional structures1. 
Instead, many proteins are partially (IDRs) or entirely (IDPs) intrinsically disordered. Their 
inherent flexibility facilitates interactions with multiple partners and participation in various 
physiological and pathological processes, such as and neurodegenerative diseases and 
cancers2. However, standard structural techniques fail to capture these proteins’ plasticity. 

To address this limitation, we propose a computational strategy to explore the local 
folding of IDPs. First, secondary structure elements are assigned from experimentally 
derived backbone chemical shifts using δ2d3. These observations define probabilistic 
“boxes” on the Ramachandran map that reflect the likelihood of specific backbone torsion 
angles (φ and ψ). Due to the dynamic nature of IDPs, the protein is divided into intervals of 
residues. To manage the conformational complexity, we employ a threading-augmented 
interval branch and prune (TAiBP)4 method to generate an ensemble of candidate 
conformations, which are clustered using a self-organizing map (SOM) to select 
representative structures. After fragment assembly, side chains are added via molecular 
dynamics simulations using NAMD5. 

For validation, we apply our method to a set of PED proteins, including the wild-
type6 C-terminal domains of the vasopressin receptor, growth hormone secretagogue 
receptor type 1a, and B2-adrenergic receptor, along with their phosphomimetic analogues7. 
Several analyses compare the conformations obtained from the PED proteins with those 
generated by TAiBP. 
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