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[Abstract] Sunlight drives photosynthetic organisms. The excess light energy, on the other
hand, can produce harmful photoproducts causing photodamages to the system. Thus, the
photoprotective mechanism, known as non-photochemical quenching (NPQ), has been
developed in the evolutional process. In light-harvesting antenna complexes, a carotenoid
(Car) draws the excess energy from neighboring chlorophylls (Chls), and safely dissipates it
as heat. It is essential for photosynthetic organisms to survive in the natural light condition,
where the solar intensity fluctuates temporally on various time scales due to clouds, shadows,
sunrise, and weather variation. The quenching function was proposed to be strongly linked
with protein dynamics around Chl and Car molecules. However, the molecular mechanisms
are not understood. One of the most critical challenges is that the significant but small
conformational changes are averaged out in ensemble experiments. To overcome the
limitation, we applied the single-molecule spectroscopy to a light-harvesting complex stress
related (LHCSR) protein that is a key gene product for the NPQ function, and identified
individual conformations and dynamics regulating the photoprotective energy dissipation.
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Figure 2. a,c,e, Fluorescence intensity-lifetime probability distributions of single LHCSR with Car-Vio at pH
7.5 (a) and 5 (c) and with Car-Zea at pH 7.5 (e). The total numbers of molecules (M) and data points (N) and
the sum of dwell times of each substate (T) used to make each histogram are shown in the lower right of each
plot. b,d,f, Fluorescence intensity-lifetime transition probability distributions for each sample.



