Supplementary Methods 
MD simulation parameters

Each pendrin structure was placed in a virtual cubic box, and water molecules were subsequently added as a solvent using the Simple Point Charge (SPC) water model to generate a simulated system. Then, sodium (Na+) and chloride (Cl-) ions were added to neutralize the system. To ensure a stable pre-simulation conformation, energy minimization was performed on them using the steepest descent method for 5000 steps. Next comes the equilibration step, in which each protein was conditioned to the simulation's target temperature and pressure. Two equilibration phases were conducted for each protein; the first phase was carried out under NVT conditions (constant number of particles, volume, and temperature) for 100 picoseconds (ps) at a temperature of 300 K. The second phase was performed under NPT conditions (constant number of particles, pressure, and temperature) for 100 ps at a temperature of 300 K and a pressure of 1 bar. In all proteins prepared, molecular dynamics (MD) was generated at a temperature of 300 K during a simulation of 100 nanoseconds (ns). All preparation and production steps of the molecular dynamics simulations were performed on the High-Performance Computing cluster MARWAN (HPC-MARWAN) at the National Center for Scientific and Technical Research (CNRST), Rabat, Morocco (https://hpc.marwan.ma/ ).We calculated the root mean square deviation (RMSD), root mean square fluctuation (RMSF), and radius of gyration (Rg) using the commands gmx rmsd, gmx rmsf, and gmx gyrate, respectively. We then created graphs of these parameters using the QtGrace program.







Supplementary Results

S1. Conformation-specific effects on pendrin homodimer stability

Analysis of RMSD plots revealed distinct effects on mutants in all three conformational states (Fig. 4a-c). In the inward-facing state, the RMSD trajectory of the F555C mutant diverged clearly from the WT after 70 ns, reaching the highest RMSD values, indicating a pronounced destabilizing effect on the dimeric interface. In contrast, L582P consistently remained below the WT (0.30–0.43 nm), suggesting a more rigid and stabilized conformation in this state (Fig. 4a). In the outward-facing state, L582P showed a marked increase in RMSD trajectory compared with the WT across the entire simulation, indicating a sustained destabilizing effect on the outward conformation. In contrast, the RMSD profile of F555C showed an initial increase during the first 70 ns, after which its trajectory progressively converged toward the WT profile, consistent with an initial structural perturbation followed by partial stabilization (Fig. 4b). In the asymmetric state, S353A produced the most significant and persistent RMSD increase, indicating marked destabilization of this transitional conformation. F555C also exhibited persistently higher RMSD values than the WT, reflecting destabilization effect in this state. In contrast, L582P closely followed the WT trajectory, with minimal deviation, indicating preserved backbone stability in this state (Fig. 4c).

S2. Asymmetric flexibility changes across pendrin protomers

RMSF profiles revealed asymmetric flexibility changes between the two protomers of the pendrin homodimer, with each variant displaying a distinct local mobility signature across the three conformational states (Fig. 5a-c). In the inward-facing state, this asymmetry was particularly evident. In protomer A, the L582P variant exhibited three major fluctuation peaks, the most prominent spanning residues 150–180, with two additional peaks at residues 280 (0.8 nm) and 320 (0.62 nm), reflecting localized increases in backbone mobility. In contrast, the F555C variant showed a localized increase in flexibility around its mutation site, which extended into a series of successive fluctuation peaks along the STAS domain. In protomer B, both F555C and L582P displayed globally higher RMSF values than the WT, indicating enhanced flexibility of this protomer (Fig. 5a). In the outward-facing conformation, protomer A remained largely comparable to the WT for both variants, except for a modest increase in mobility in F555C around residues 50–75. In protomer B, both variants increased flexibility along the entire chain, with a dominant peak between residues 50 and 60 for L582P, whereas F555C exhibited a marked fluctuation peak within residues 150–175 (Fig. 5b). In the asymmetric state, protomer A closely followed the WT profile across all variants, whereas protomer B displayed clear variant-specific behaviors. L582P generated the highest N-terminal peak (residues 25–70) with broadly elevated fluctuations along the chain, indicating a globally more relaxed backbone. F555C exhibited a mild increase around the N-terminal region (residues 25-70) but remained largely superimposed on the WT across the rest of the chain, suggesting minimal flexibility changes in this conformation. In contrast, S353A produced a progressive increase in flexibility along protomer B, becoming particularly pronounced beyond residue 460 and extending into the STAS-proximal region, indicating enhanced conformational plasticity within this domain (Fig. 5c).
S3. Altered dimer compactness in mutant pendrin
The radius of gyration (Rg) analysis revealed distinct effects of the variants on pendrin compactness across all three conformational states (Figure 6a–c).
In the inward-facing state, the Rg trajectory of the F555C variant decreased progressively compared to the WT, consistent with increased dimer compactness. Conversely, the L582P variant maintained higher Rg values ranging between 3.75 and 3.80 nm throughout the simulation, indicative of a more expanded conformation (Fig. 6a). In the outward-facing state, the L582P trajectory superimposed closely onto the WT trajectory after 70 ns, indicating that this substitution did not affect the overall dimeric packing. In contrast, F555C exhibited slightly elevated Rg values in comparison to the WT after 60 ns, suggesting a reduction in global compactness (Fig. 6b). In the asymmetric state, both S353A and F555C showed consistent decreases in Rg, which is indicative of a tighter and more compact dimeric assembly. By contrast, L582P exhibited higher Rg values throughout the simulation, which is consistent with a less compact conformation (Fig. 6c).


