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[Abstract]

A vibronic exciton model combined with a transition-density-fragment interaction (TDFI)
method is developed, and it is applied to the calculations of absorption and circular dichroism
(CD) spectra of xanthorhodopsin (XR). The TDFI calculation clearly shows that Coulomb
interaction predominantly contributes to the electronic coupling energy between carotenoid
and retinal, whereas exchange interaction results in a negligible contribution. Thus, the
antenna function of carotenoid is found to result from the Forster type of excitation-energy
transfer, not from the Dexter one. The absorption and CD calculations successfully reproduce
the main features of the experimental spectra. Based on these results, we investigate the
mechanism of biphasic CD spectrum observed in XR. The results indicate that vibronic
coupling between carotenoid and retinal plays a significant role in the shape of the CD
spectrum. Further analysis reveals that the negative value of electronic coupling directly
contributes to the biphasic shape of CD spectrum.
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Table 1. Electronic coupling energies between salinixanthin and retinal (cm™).

TrESP
TDFI Dipole-dipole Expt.
CDQ? CP

-227 -751 -227 -226 160-210

2 TrESP calculation with transition charges, dipoles, and quadrupoles.
® TrESP calculation with transition charges.
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