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Abstract

Peroxisome proliferator-activated receptor gamma (PPARγ) is a ligand-regulated nuclear receptor 
crucial to metabolic regulation and inflammation, making it a key therapeutic target. Its activity is 
tightly linked to the conformational state of its ligand-binding domain (LBD), particularly the 
dynamic behavior of helix 12 (H12), which modulates coactivator recruitment. While static 
structures have provided snapshots of active or repressive conformations, the full spectrum of 
PPARγ dynamics remains incompletely characterized.

In this study, we systematically investigated the conformational landscape of the PPARγ LBD using 
a combination of molecular dynamics (MD) and enhanced sampling strategies. Explicit-solvent MD 
simulations revealed limited structural flexibility, with conformations largely trapped in a narrow 
basin. In contrast, implicit-solvent simulations and excitation-based methods — including 
Molecular Dynamics with excited Normal Modes (MDeNM) and Variational Mode Sampling (V-
MOD) — significantly broadened the sampled conformational space, capturing large-scale motions 
relevant to functional transitions.

Despite their diverse sampling characteristics, these methods consistently revealed that H12 
undergoes continuous, rather than discrete, rearrangements. This dynamic continuum challenges the 
classical notion of well-defined functional states and motivates the development of contact-based 
metrics and tailored clustering strategies for future analyses.
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