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Structural analyses of reaction states of ion-pumping rhodopsins
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The anion pumping cycle of halorhodopsin is initiated when the

all-trans/15-anti isomer of retinal is photo-isomerized into the 13-cis/15-anti configuration. A
previous study suggested that a reaction state with 13-cis/15-syn retinal occurred during the anion
release process, 1.e., after the N state with the 13-cis/15-anti retinal and before the O state with
all-trans/15-anti retinal. In this study, we found that the 13-cis isomer (HR"), in which the
absorption spectrum was blue-shifted by 8 nm as compared with that of the trans isomer (HR),
accumulated significantly when pHR-rich claret membranes in 4 M NaBr was illuminated with
continuous light. It was suggested that the branching of the trans photocycle into the 13-cis
isomer (HR' ) occurs during the decay of an O-like state (0' ) with 13-cis/15-syn retinal. At a
high bromide ion concentration, the anion pumping cycle is described by the scheme: HR -(hv )-> K ->
LL->N->N ->0 ->HR ->HR.
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