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Development of large-scale excited-state dynamics and practical application to
photoactive yellow proteins
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To elucidate the photoisomerization process of photoactive yellow ﬁroteins,
we extended the divide-and-conquer density functional tight-binding molecular dynamics method to
excited states. We established a foundation for large-scale excited-state dynamics methods.
Furthermore, we investigated photoisomerization and proton transfer in the reaction cycle of
p-coumaric acid as the active center. It was suggested that the effect of peripheral residues of the
active center contributes to the barrier of proton transfer and photoisomerization. In addition, to
analyze the electronic state of the cone intersection (Cl) structure, we decomposed the energy
components using the frozen orbital analysis and clarified the controlling factor for the Cl

structure. We developed the optimization method with controlling factors for easier search for Cl
structures.
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Fig. 2. Dependence of (a) n-z* excitation energy (in eV) on buffer-size n, and (b) CPU time (in s) on
system-size n for the TDDFTB and DC-TDDFTB calculations of polyglycine.

SF-TDDFTB

SF

SF

Ly
o

DC-
SF

o
=)
L

o
o
L

0.4

ot
N

Population of Excited State

in hexane
—in EG
——gas phase

Fig. 3

o
=]

0

200

400 600 800 1000
tifs

Fig. 3 Time-course changes of
excited-state poluplation. Error
bars indicate 95% confidence
intervals.
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