Saposin A Nanoparticles Improve Stability of Toxin-Bound Human Nav1.4 for Cryo-EM Analysis
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Voltage-gated sodium channel Nav1.4 plays a central role in skeletal muscle excitability and is a key target for gating modifier toxins (GMTs) that interact with voltage-sensing domains [1,2]. Structural investigation of toxin-bound Nav1.4 complexes by cryo-electron microscopy (cryo-EM) remains challenging, primarily due to difficulties in obtaining stable and homogeneous samples in appropriate membrane environments. In particular, the choice of membrane mimetic is a critical factor influencing protein stability, conformational integrity, and toxin binding [3,4].
In this study, a sample preparation workflow for the human Nav1.4–β1 complex was established using a BacMam-based expression system in Expi293 cells, followed by affinity purification and reconstitution into different membrane-mimetic environments. A comparative analysis was performed across detergent micelles (GDN and digitonin), MSP2N2 nanodiscs, and saposin A–based lipid nanoparticles to evaluate their suitability for cryo-EM sample preparation of toxin-bound Nav1.4 complexes.
The results demonstrate that the choice of membrane mimetic significantly affects sample behavior. Digitonin micelles produced larger and more heterogeneous particles, indicating reduced suitability for structural studies. GDN micelles enabled protein recovery but lacked a native-like lipid environment required for stabilizing functionally relevant conformations. In contrast, both MSP2N2 nanodiscs and saposin A nanoparticles provided improved particle uniformity and stability [3,4]. Among these systems, saposin A–based reconstitution showed the most favorable overall performance. Optimization of the reconstitution conditions identified a protein:saposin A:lipid ratio of 1:30:25 as a reproducible condition yielding homogeneous samples with a dominant and symmetric size-exclusion chromatography profile.
These findings indicate that saposin A nanoparticles provide an effective membrane-mimetic platform for stabilizing Nav1.4 and its toxin-bound complexes. The optimized workflow established in this study lays a practical foundation for future high-resolution cryo-EM analysis of Nav1.4–toxin interactions.
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