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Proteins, vital to cellular life, perform diverse functions like catalyzing reactions and transporting molecules
through conformational changes are thought to be enabled by normal vibrational modes [1]. While spectroscopic
detection is challenging [2], these modes can be calculated using normal mode analysis [3], visualized as
oscillatory protein structure deformations. This study explores the normal vibration modes of tubulin, a 110 kDa
heterodimeric protein forming microtubules crucial to the cytoskeleton. Microtubules play structural and
functional roles in cells, generating force for division and transport. In this work, all-atom normal mode analysis
reveals low-frequency vibration modes of tubulin heterodimer. Interestingly, frequency distribution of these
modes (40-175 GHz) coincides with 5G and 6G communication technologies. The study also highlights the impact
of water layers on protein atom dipole moments and frequency values — involving more water layers around the
tubulin in the normal mode analysis causes shift of the absorption spectra.
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