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Detection and control of functional vibrations of biomolecular machines by
resonance phenomena
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Highly accurate chemical reactions that are achieved by utilizing thermal
fluctuations are the interesting biomolecular mechanism remains to be elucidated. To address this
question, a new approach is needed to perturb biomolecualr reaction systems with the energy as low
as or lower than thermal fluctuations at physiological temperatures. Here, we employ terahertz (THz)

wave as such a perturbation. Not only in terms of the energy range, but also collective
biomolecule-water-coupled motions are predicted to exist in the THz frequency region. We developed
THz-pump-seq that can statistically assess the effects of (sub)-THz irradiation on transcription by
RNA polymerase. This method allowed us to find that (sub)-THz irradiation had the opposite effect of
increasing temperature on transcription, making the reaction smooth and accurate. We also discuss
the molecular mechanisms behind this phenomenon, based on NMR measurement of aqueous DNA and protein
solutions under (sub)-THz irradiation.
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