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The retinitis pigmentosa (RP)-causing mutant of rhodopsin, Pro23His (P23H) rhodopsin, is folding defective and
unable to traffic beyond the endoplasmic reticulum (ER). This ER retention, and in some cases, aggregation are
proposed to result in ER-stress and eventually cell death. The endogenous rhodopsin ligand 11-cis-retinal and its isomer
9-cis-retinal have been shown to act as pharmacological chaperones, promoting proper folding and trafficking of the
P23H rhodopsin. In spite of this promising effect, the development of retinals and related polyenealdehydes as phar-
macological agents has been hampered by their undesirable properties, which include chemical instability, photolability,
and potential retinoidal actions. Here we report the design and synthesis of a class of more stable nonpolyene-type
rhodopsin ligands, structurally distinct from, and with lower toxicity than, retinals. A structure-activity relationship
study was conducted using cell-surface expression assay to quantify folding/trafficking efficiency of P23H rhodopsin.
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Fig. 2. Subcellular Localization of P23H Mutant and Dose-dependent, Retinal-induced Translocation of the Mutant to the Plasma
Membrane®®

(A) Subcellular localization of HA-tagged rhodopsin (WT and P23H) in HEK293 cells was examined by immunofluorescence microscopy. HEK293 cells were
transiently transfected with HA-tagged human rhodopsin (WT or P23H mutant), and incubated for 22 h in the presence or absence of 15 um 9-cis-retinal. Before
fixation, cells were incubated with anti-HA antibody for 1 h and then fixed, permeabilized, and blocked. Then, cells were incubated with anti-rhodopsin antibody
and processed for immunofluorescence microscopy. FITC- or TRITC-labeled secondary antibody was used for anti-rhodopsin or anti-HA, respectively. (B) The
effect of the retinals on the cell-surface expression level of the P23H mutant was evaluated by cell-surface ELISA of non-permeabilized cells with anti-HA. Both of
the retinals dose-dependently enhanced the cell-surface trafficking of the mutant, although significant toxicity was observed at higher concentrations. The graphs
represent the average values of at least two independent experiments (n>>4), and the error bars represent 95% confidence intervals. The lower panels show viability
of cells exposed to the retinals, evaluated using a water-soluble tetrazolium, WST-1.
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Fig. 3. Molecular Design of Retinobenzaldehydes, TMAm/
TMEs$0
(A) Structures of ATRA and retinobenzoic acids. (B) Structures of
TMAm and TMEs. (C) Effect of TMAm and TMEs on cell surface expres-
sion level of P23H mutant rhodopsin. The graphs show the average values of
at least three independent experiments (n>>6), and each error bar represents
the standard error of the mean.
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Fig. 4. 9-cis-THR and 9-cis-acDHR

(A) Structures. (B) Effects of retinal analogues on cell-surface expres-
sion level of P23H rhodopsin. The graphs represent the average values of two
independent experiments, and each error bar represents the standard error of
the mean (n=35).
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Fig. 5. Retinobenzaldehydess®
(A) Structures of retinobenzaldehydes. (B) Effects of retinobenzaldehydes on cell-surface expression level of P23H mutant rhodopsin.
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(A) Structures of retinobenzaldehyde analogues. (B) Effects of retinobenzaldehyde analogues on cell-surface expression level of P23H mutant rhodopsin.
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