Functionalization of KcsA for Time-Resolved Structural Studies
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Understanding protein structural dynamics in real time requires robust strategies for site-specific labeling that preserve protein integrity and function. In this project, we develop and validate a chemical modification platform for the pH-gated potassium channel KcsA, a tetrameric membrane protein widely used as a model system for voltage-gate ion channels. We aim to explore the conjugation of KcsA with a range of reporter groups, including fluorescent dyes, affinity labels with the end goal of focusing on gold nanorods, introduced through bioorthogonal, copper-free, click-chemistry reactions.
A central objective is to establish reliable protocols for selective labeling of KcsA while maintaining protein purity, structural stability, and compatibility with downstream time-resolved X-ray solution scattering studies. To assess reaction efficiency and conjugate quality, we combine several complementary analytical methods. Mass spectrometry is used to confirm covalent modification and identify labeling-dependent mass shifts, while SDS-PAGE and western blot analysis provide evidence for successful conjugation and sample integrity. Ellman’s assay is applied to monitor accessible thiol groups before and after modification, enabling assessment of labeling efficiency and conversion. Transmission electron microscopy and complementary biochemical assays are further used to confirm the formation of complexes between protein and reactants.
This workflow provides a systematic strategy for engineering labeled KcsA constructs suitable for dynamic structural studies. With this project we aim to create versatile labeling approaches for membrane proteins that lack intrinsic photoactivity, thereby supporting future single-particle time-resolved investigations of conformational change.
