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Abstract: The visual pigment rhodopsin presents an astonishing photochemical performance. It exhibits
an unprecedented quantum yield (0.67) in a highly defined and ultrafast photoisomerization process. This
triggers the conformational changes leading to the active state Meta Il of this G protein-coupled receptor.
The responsible ligand, retinal, is covalently bound to Lys-296 of the protein in a protonated Schiff base.
The resulting positive charge delocalization over the terminal part of the polyene chain of retinal creates a
conjugation defect that upon photoexcitation moves to the opposite end of the polyene. Shortening the
polyene as in 5,6-dihydro- or 7,8-dihydro analogues might facilitate photoisomerization of a 9-Z and an
11-Zbond. Here we describe pigment analogues generated with bovine opsin and 11-Z 7,8-dihydro retinal
or 9-Z 7,8-dihydro retinal. Both isomers readily generate photosensitive pigments that differ remarkably in
spectral properties from the native pigments. In addition, in spite of the more flexible 7,8 single bond, both
analogue pigments exhibit strikingly efficient photoisomerization while largely maintaining the activity toward
the G-protein. These results bear upon the activation of ligand-gated signal transducers such as G protein-
coupled receptors.

Introduction 1; carbon numbering in Chart S1). It is covalently bound to
Lys-296 of the protein (opsin) in a protonated Schiff base and
is also responsible for the absorbance band of the pigment in
the visible region of the electromagnetic spectrultis mainly
found as the 17 isomer (rhodopsindmax = 498 nm), but
occasionally as the Z-isomer (isorhodopsimmax = 485 nm).

The visual pigment rhodopsin, responsible for dim-light
vision, exhibits an astonishing photochemical performarice.
It couples an unprecedented quantum yield (0.67) to a highly
defined reaction pathway (12— all-E) in an ultrafast (200
fs) photoisomerization process that triggers the conformational . . . . . g
changes leading within milliseconds to the active-state meta- In order to investigate ligantereceptor interactions responsible

(rhodopsin) Il. This proceeds through a series of intermediatesfor spectral tuning, receptor activation, or the exquisite photo-
(Batho < BSI — Lumi — Meta | < Meta Il) that differ in chemical properties, many studies have analyzed the properties

lifetime and in spectral band positidn® Because of its relatively oft_phcl)toretlzeptorégelgn'l\eltr;]ts gﬁnerateo:txv 't? _aflarget_varlﬁ ty of
well-defined activation mechanism and the availability of crystal retinal analogues: ough a weaith of infoermation has

structures of the inactive stéfeand several photointermediate  (6) Nakamichi, H.; Okada, TAngew. Chem., Int. EQ00§ 45, 4270-4273.
states® rhodopsin has become a paradigm for the ubiquitous (7) Nakamichi, H.; Okada, Teroc. Natl. Acad. Sci. U.S.2006 103 12729-
family of signal-transducing G protein-coupled receptors. (8) Ruprecht, J. J.; Mielke, T.; Vogel, R.; Villa, C.; Schertler, G. FEMBO
; ; ; : : ; J. 2004 23, 3609-3620.
The ligand of vertebrate visual pigments is the isoprenoid (9) Balogh-Nair, V.; Nakanishi, KMethods Enzymoll982 88, 496-506.
compound retinal, the aldehyde derivative of vitamin A (Chart (10) Lou, J. H.; Tan, Q.; Karmaukhova, E. N.; Berova, N.; NakanishMethods
Enzymol.200Q 315 219-237.
(11) Crouch, R. K.; Kefalov, V. J.; Gwmer, W.; Cornwall, M. C.Methods

T Radboud University Nijmegen Medical Centre. Enzymol.2002 343 20-48.
* Leiden University. (12) Calhoon, R. D.; Rando, R. Biochemistry(U.S.A.)1985 24,6446-6452.
(1) Wald, G.Nature1968 219, 800—807. (13) DelLange, F.; Bovee-Geurts, P. H. M.; VanOostrum, J.; Portier, M. D.;
(2) Mathies, R. A.; Lugtenburg, J. Molecular Mechanisms in Visual Trans- Verdegem, P. J. E.; Lugtenburg, J.; DeGrip, WBibchemistry(U.S.A.)
duction. InHandbook of Biological Physi¢cStavenga, E. D., DeGrip, W. 1998 37, 1411-1420.
J., Pugh, E. N., Jr., Eds.; Elsevier Science: Amsterdam, The Netherlands, (14) Verhoeven, M. A.; Bovee-Geurts, P. H. M.; De Groot, H. J. M.; Lugtenburg,
2000; Vol. 3, pp 55-90. J; DeGrip, W. JJ. Mol. Biol. 2006 363 98-113.
(3) Hofmann, K. P. Molecular Mechanisms in Visual Transduction. In (15) Meyer, C. K.; Bime, M.; Ockenfels, A.; Géner, W.; Hofmann, K. P.;
Handbook of Biological PhysicS&tavenga, E. D., DeGrip, W. J., Pugh, E. Ernst, O. PJ. Biol. Chem200Q 275 19713-19718.

N., Jr., Eds.; Elsevier Science: Amsterdam, The Netherlands, 2000; Vol. (16) Vogel, R.; Siebert, F.; ldeke, S.; Hirshfeld, A.; Sheves, Biochemistry
3, pp 91142, (U.S.A)) 2005 44, 11684-11699.

(4) Okada, T.; Sugihara, M.; Bondar, A.-N.; Elstner, M.; Entel, P.; Busg, V. (17) Bartl, F. J.; Fritze, O.; Ritter, E.; Herrmann, R.; Kuksa, V.; Palczewski,
Mol. Biol. 2004 342, 571—-583. K.; Hofmann, K. P.; Ernst, O. R. Biol. Chem2005 280, 34259-34267.

(5) Li, J.; Edwards, P. C.; Burghammer, M.; Villa, C.; Schertler, G. FJX. (18) Vogel, R.; Siebert, F.; Yan, E. C. Y.; Sakmar, T. P.; Hirshfeld, A.; Sheves,
Mol. Biol. 2004 343 1409-1438. M. J. Am. Chem. So2006 128 10503-10512.

10.1021/ja074937¢c CCC: $37.00 © 2007 American Chemical Society J. AM. CHEM. SOC. 2007, 129, 13265—13269 = 13265
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Chart 1. Chemical Structure of the Retinal Derivatives Used in
This Study

11-Z 9-7

Native
Retinals

7,8 dihydro
retinals

(e}

been excavated in this way on binding pocket constraints and

agonistic properties of ligand derivatives, so far no combination

Native 7,8 dihydro

Absorbance (OD)

400 500 300
Wavelength (nm)

Figure 1. Spectral properties of the retinals used in this study—Wigible
spectra were taken in hexane solution at room temperature and show native
(left panel) and 7,8-dihydro derivatives (right panel) of Z{red curves)

and 9Z (blue curves) retinalSlmax in nm: 365 (11Z2), 362 (92), 323

(11-z 7,8-dihydro), and 321 (- 7,8-dihydro).

300

has been reported that equaled, let alone surpassed, the

photochemical properties of the native pigment. This also is a
severe limitation in therapeutic supplementation with retinal
derivatives in the case of genetic defects in retinoid metabolism,
where good binding properties, low metabolic stress, and high
photosensitivity are important factots.

The positive charge delocalization over the terminal part of

the polyene chain creates a conjugation defect, a polaron that

upon photoexcitation moves to the opposite end of the poly-
ene%2324\We reasoned that shortening the polyene as in 5,6-
dihydro- or 7,8-dihydro analogues would stabilize the polaron
in the isomerization region, enhance the inversion of the
mr-distribution, and thereby might facilitate photoisomerization
of a 9Z and an 11Z bond. Since ring modifications as in 5,6-
dihydro may affect liganereceptor interactiott and scattered

reports indicated that 7,8-dihydro retinals (Chart 1) can generate;onai column chromatography

rhodopsin analogues that appear to be functiéi&2’we opted
for the 7,8-dihydro modification.

Table 1. H Chemical Shifts and J-Couplings of 11-Z 7,8-Dihydro
Retinal
H-atom chemical shift (ppm) J-coupling (Hz)

15-H 10.07 7.04

14-H 6.07 7.04

12-H 5.83 11.7

11-H 6.53 13.0+ 11.7

10-H 6.37 13.0

7,8-2x H» 2.1-2.2 4x HAA'BB' spectrum

4-H, 1.92 2x H triplet

16,17-CH 1.01

18-CH; 1.61

19-CH; 1.87

20-CHs 2.35

or 9-Z 7,8-dihydro retinals could equally well be purified by conven-
as descriBetihe same procedure was
used for native & retinal. Native 11Z retinal was a gift from Dr. R.

K. Crouch (Medical University of South Carolina). The analytical data

Here we describe pigment analogues generated with bovineof the isomers fully comply with their proposed structure. The electronic

opsin and 112 7,8-dihydro retinal or % 7,8-dihydro retinal.

In spite of the more flexible 7,8 single bond, both analogue
pigments exhibit strikingly efficient photoisomerization while
largely maintaining the activity toward the G-protein.

Experimental Section

Since 112 7,8-dihydro retinal could not be prepared photochemically
from theall-E isomer, #-E, 9-Z, and 11Z 7,8-dihydro retinals were

properties of thall-E and 9Z isomer agree with those reported in the
literature?® UV —vis spectra of the &and 11Z isomers of native and
7,8-dihydro retinal are presented in Figure'tl. NMR data for the
11-Z 7,8-dihydro isomer are given in Table 1. The chemical shift
assignments were supported by COSY and NOESY analyses.
Isolation of opsin membranes, incubation with a 5-fold excess of
retinal, removal of excess retinal, spectral analysis by UV/vis and FTIR
spectroscopy, and determination of the photoisomerization quantum

synthesized by a stereoselective procedure as described for 4,5-dehydro¥i€!d were performed as describ€d* The G protein transducin

5,6-dihydro retinaf® The 9E and 9Z 7,8-dihydro-C11 aldehyde
intermediates had to be purified by HPLC, but the finaland 11Z

(19) Vogel, R.; Lideke, S.; Siebert, F.; Sakmar, T. P.; Hirshfeld, A.; Sheves,
M. Biochemistry(U.S.A.) 2006 45, 1640-1652.

(20) Liu, R. S. H.; Matsumoto, HMethods Enzymoll982 81, 694-698.

(21) Kuksa, V.; Imanishi, Y.; Batten, M.; Palczewski, K.; Moise, A.\Rsion
Res.2003 43, 2959-2981.

(22) Travis, G. H.; Golczak, M.; Moise, A. R.; Palczewski, Knnu. Re.
Pharmacol. Toxicol2007, 47, 469-512.

(23) Creemers, A. F. L.; Kiihne, S. R.; Bovee-Geurts, P. H. M.; DeGrip, W. J.;
Lugtenburg, J; De Groot, H. J. MProc. Natl. Acad. Sci. U.S.2002 99,
9101-9106.

(24) Becker, R. SPhotochem. Photobioll988 48, 369-399.

(25) Ganter, U. M.; Kashima, T.; Sheves, M.; SiebertJFAm. Chem. Soc.
1991 113 4087-4092.

(26) Arnaboldi, M.; Motto, M. G.; Tsujimoto, K.; Balogh-Nair, V.; Nakanishi,
K. J. Am. Chem. Sod.979 101, 7082-7084.

(27) Muto, O.; Tokunaga, F.; Yoshizawa, T.; Kamat, V.; Blatchly, H. A.; Balogh-
Nair, V; Nakanishi, K.Biochim. Biophys. Actd984 766, 597—602.

(28) Wang, Y.-J.; Lugtenburg, Eur. J. Org. Chem2004 3497-3510.
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activation was assayed using fluorescence emission enhancement of
an endogenous tryptophan residue in thsubunit upon binding of
GTPyS, as describe®. For calculation of the quantum vyieldp,
rhodopsin was taken as a reference compodne=(0.67+ 0.02%39.
lllumination of the pigments was performed under identical conditions
through a Schott band filter (452 nm, bandwidth 5 nm), and the rate of
pigment decay was related to that of rhodop$if. The molar
absorbance of the pigments at 452 nm was calculated from the
absorbance curves and the molar absorbance attheemay).

Theemax Of the 7,8-dihydro pigments was estimated from the optical
density, obtained for the same amount of opsin relative to that with
native 117 retinal (90+ 5% for 11Z 7,8-dihydro retinal, 125 6%

(29) Dartnall, H. J. A. InPhotochemistry of VisignDartnall, H. J. A., Ed;
Springer-Verlag; Berlin, Germany, 1972; Vol. VII/I, pp 12245.

(30) Kim, J. E.; Tauber, M. J.; Mathies, R. Biochemistry(U.S.A.) 2001, 40,
13774-13778.



7,8-Dihydro Retinals Outperform Native Retinals ARTICLES

Table 2. Spectral and Photochemical Properties of Native and 7,8-Dihydro Analogues of Rhodopsin and Isorhodopsin?

rhodopsin (11-2) isorhodopsin (9-2)
native 7,8-dihydro native 7,8-dihydro
Amax (NM) 498+ 1 426+ 2 485+ 2 428+ 2
€max(L/M-cm) 40,500+ 800 37,000+ 4,000 43,00Gt 1,000 51,000t 4,000
quantum yield 0.6& 0.02 0.68+ 0.06 0.27+£ 0.03 0.39+ 0.04
pKa Meta I/Meta Il 7.4+ 0.2 <6.5 7.4+ 0.2 <6.5
G-protein activation =100 75+ 15 98+ 10 68+ 6

aNative quantum yields have been reportéé3°G protein activation rate of rhodopsin was set at 100. Data pertain to 293 K and are given as average
+ SD with number of independent experiments varying from 2 to 5.

for 9-2 7,8-dihydro retinal) in combination with the ratio of the relative
amount of oxime generated upon illumination of the 7,8-dihydro
pigments (112/9-Z = 1.35+ 0.05).

Results and Discussion

Since 11Z 7,8-dihydro retinal could not be photochemically
prepared from thell-E isomer, we applied a stereoselective
procedure to synthesize the Z1all-E, and 9Z isomers with
a final purification by means of liquid chromatograpiyThis
afforded the 112 and 9Z 7,8-dihydro retinals in high purity.
Novel spectral data are presented in Figure 1 and Table 1. Due
to the absence of the;&Cg double bond the & 7,8-dihydro
retinal isomer now carries a straight polyene chain (Chart 1). |
Such compounds usually show fine structure in their electronic . .
spectrat! apnd this also i: evident in the spectrum oZ &,8- Native 7,8-dihydro
dihydro retinal (Figure 1, right panel). In fact, also the 21- T — — —
isomer exhibits subtle signs of fine structure. 300 400 500 600 300 400 500

Upon incubation with bovine opsin both@and 117 7,8- Wavelength(nm)

dihydro retinals generated the full equivalent of analogue _. ) ) : )

. . . . . . Figure 2. Spectral properties of native and 7,8-dihydro pigments compared
pigments (7,8-dihydro isorhodopsin and 7,8-dihydro rhodopsin, in this study. (A) Uv-visible difference spectra of native rhodopsin (11-
respectively) since no additional rhodopsin was formed upon 2) and isorhodopsin (2, (B) UV —visible difference spectra of 7,8-dihydro

subsequent incubation with Zletinal. These analogue pig- rhOdOpsi”_ (132% andb7,8-qlihyorllro iSthOdOpSfit” Qﬁr D_iffefencfe SPethrg )
. were obtained by subtracting the spectrum after illumination from the dark-
ments display some remarkable spectral features (Table 2). BOtrEtate spectrum. lllumination was done in the presence of 50 mM hydroxy-

show a large blue-shift relative to the native pigments, which |amine to accomplish full conversion of pigment, with production of the
is expected because of the shortening of the polyene and agreesl!l-E retinal oxime derivative.

with earlier reportd?262’However, the analogue pigments have
about the same absorbance maxima (428 nm for the 112
pigment and 428 2 nm for the 92 pigment), in strong contrast

to rhodopsin (498 nm) and isorhodopsin (485 nm) (Figure 2).
This suggests that the two isomers now sense a similar protein
environment and that the structural distortion oZ etinal,
because of its “misfit” in the opsin binding sit&;3* can be
relieved by allowing structural flexibility in the 79 segment

of the retinal polyene chain. Another feature is the molar
absorbance cogﬁiZient (Table 2). Thgux of the 11Z analogue for 7,8-dihydro isorhodopsin). The quantum yield of _rhodopsins
pigment (37,000 L/motm) is close to that of native rhodopsin is related to the rate of curve crossing from the excited-state to

. : ; the distorted Batho ground state via the highly distod#¢E
(40,500), but themax of the 9Z pigment (51,000) is much higher )
than the native one (43,000). This also can be explained by thephotoproduct photorhodopsiii®In the case of the 1Z-pigment

absence of the 7,8 double bond, since a straightly extendingthis process has been superbly optimized by natu_ral selection,
polyene configuration usually exhibits a higher oscillator and shorten_lng the PO'VG“‘? se_gment_to allow rapid tran_sfe_r of
strength in the lowest electronic transiti#The tendency of a the polaron into the |_somer|zat|on region upon photoexcitation
straight polyene to display spectral fine structure is not only apparently cannot give a further boost. This lends support to
observed in the spectrum of 8-7,8-dihydro retinal at room the concept'thaj[ the torsion in theg{l.:m segment of the
temperature (Figure 1) but also in that of 7,8-dihydro isor- PClyene, which is fixed by the anchoring 9- and 13-methyl

bsorbance

rence in A

8

Vii-z

Diffe

The most striking observation is the highly efficient photoi-
somerization of both analogue pigments (Table 2). Thez11-
7,8-dihydro pigment is the first to equal native rhodopsin with
respect to quantum vyiel® (0.68 versus 0.67), while the B-
7,8-dihydro pigment is significantly more efficienp(= 0.39)
than native isorhodopsin (0.27). As a result, the photosensitivities
(® x emay Of both analogue pigments approach that of native
rhodopsin (92+ 10% for 7,8-dihydro rhodopsin and 73 8%

hodopsin at 80 K7 groups and the Schiff base, coupled to high-frequency vibra-
' tional coordinates in this region, are the prime determinants of
(31) Vetter, W.; Englert, G.; Rigassi, N.; Schwieter, U.Garotenoids Isler, the high® in rhodopsin®>36 This “primes” rotational motion

0., Ed.; Birkhauser Verlag; Basel, Switzerland; 1971; pp-1366.
(32) Creemers, A. F. L.; Bovee-Geurts, P. H. M.; DeGrip, W. J.; Lugtenburg,
J.; De Groot, H. J. MBiochemistry(U.S.A.) 2004 43, 16011-16018.

of the Go—H unit toward G;=C;, bond isomerizatiod® On

(33) Nakamichi, H.; Okada, TPhotochem. PhotobioR007, 83, 232—-235. (35) Kukura, P.; McCamant, D. W.; Yoon, S.; Wandschneider, D. B.; Mathies,
(34) Sekharan, S.; Sugihara, M.; Weingart, O.; Okada, T.; Buss,An. Chem. R. A. Science2005 310, 1006-1009.
So0c.2007, 129 1052-1054. (36) Weingart, OJ. Am. Chem. So2007, 129,1618-1619.

J. AM. CHEM. SOC. = VOL. 129, NO. 43, 2007 13267
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curve). We find that these amplified HOOPs are largely absent

A Rho—Batho 80K 431 in the 7,8-dihydro Batho spectrum (Figure 3A, solid curve),
i 4 indeed indicating that the conformational strain is at least
i partially absorbed by the/£ Cg segment. In that case we would

1013 i 850
not expect the same large red-shift of the 7,8-dihydro Batho

A T2

b spectrum as displayed by native Batho. The rhodopsin to Batho
R red-shift (508— 543 nm at 80 K) is reflected in the major
C=C stretch vibration that shifts from 1559 to 1535 Tm
t (Figure 3A). In contrast, the 7,8-dihydro spectrum displays
967 hardly any shift of this peak, suggestive of at most only a small

red-shift in the transition to 7,8-dihydro Batho. This agrees with
cryospectrdl’ as well as with time-resolved studies at room
temperatur® of 7,8-dihydro isorhodopsin that indicate strong
spectral overlap between the ground state and the first photo-
0005 Rho—sMeta II 293K product. It could be argued that the differences in Figure 3A
i between the native and the 7,8-dihydro pigments are due to
lower stability of the Batho and BSI-like intermediates of the
7,8-dihydro pigment, because of the flexibility in theiF-ECy
segment, resulting in generation of a Lumi-like intermediate
already at 80 K, instead of at about 130 K as in the native state.
However, this can be excluded on several grounds. First, the
time-resolved studies mentioned above could show that a blue-
shifted 7,8-dihydro Lumi-like photointermediaténfx ~ 415
nm) is generated in the same time frame as native Lumi,
. , : , subsequent to a first photoproduct with spectral properties very
1800 1600 1400 1200 1000 800 similar to those of the ground stat®.Second, the FTIR
Wavenumber (cm'l) difference spectra in Figure 3A exhibit a very similar peak
) . ) . ) distribution in the chromophore fingerprint region (115250
Figure 3. FTIR difference spectra of native and 7,8-dihydrorhodopsin and

—1 i ; ; ; 1
photointermediates. Difference spectra were constructed by subtracting theCrn ) and in the protein z?lmlde | region (169(]1700 Cm )’
dark-state spectrum from the spectrum after illumination. Dotted curves Whereas these patterns differ markedly from those in the Rho

represent the native and solid curves, the 7,8-dihydro pigments. Negativeto Lumi transition (Figure 31)_ These patterns are quite different

peaks represent vi_brati_onal bands characteri_sti_c for the dark state; positiveas well from that of the transition to B.Hence, we feel it is
peaks represent vibrational bands characteristic for the photoproduct. (A) . .
Rho— Batho transition obtained by illumination at 80 K. The vibration at Safe to conclude that the first stable 7,8-dihydro photoproduct

967 cnt! represents the major coupled HOOP vibration of thez11l- is a Batho analogue.

configuration. The typical 7,8-dihydro vibrations at 1013 and 1614%m ; ; ;

have not yet been assigned. (B) Rho Meta Il transition obtained by Th?. subtle Changes.m protein strgctu_re in the Rh@atho
illumination at 293 K and an approximate pH of 5.5. transition, as reflected in the small shifts in the protein backbone

region (1600-1700 cnt!) and some carboxyl side chains

the other hand, the lower efficiency in isorhodopsin is probably (1700-1800 cnm?), actually appear somewhat amplified in the
related to the suboptimal positioning in the binding site and 7,8-dihydro pigment. This suggests that in 7,8-dihydro Batho
the reduced torsion around theZ9ond. In the 7,8-dihydro the strain in the isomerized chromophore is distributed differ-
case, the better fit with the protein that should increase the ently but also triggers conformational changes in the protein.
torsion and the vibrational coordinates in the-C,3 segment According to our FTIR data the 7,8-dihydro Batho in fact
in combination with the polaron switch to the isomerization site proceeds through similar structural transitions via Meta | (not
apparently can enhance the rotational motion of the-€ unit shown) to Meta Il (Figure 3B) as the native pigments. The
and thereby increase the isomerization rate in 7,8-dihydro corresponding spectra of the Rhe Meta Il transition are
isorhodopsin relative to that of native isorhodopsin. virtually identical (Figure 3B). This is a strong indication that

Important next questions are whether the increased flexibility the activated 7,8-dihydro pigments would be able to activate
of the G—Cy segment in the 7,8-dihydro pigments will reduce the cognate G protein transducin. This was indeed confirmed
the double-bond distortion of the polyene segment in the first in a transducin activation assay, albeit the rate was about 70%
stable photoproduct bathorhodopsin and subsequently will affectof that of the native pigments (Table 1). This modest reduction
the thermal transitions leading to the active-state metarhodopsinin rate is probably explained by our preliminary observations
Il. Typical markers of this distorteall-E configuration in Batho that the Meta | to Meta Il transition in the 7,8-dihydro pigments
are the strong and partially uncoupled hydrogen-out-of-plane has a different thermodynamic profile, resulting in a lowkg p
(HOOP) vibrations of the polyene hydrogens in the 82000 (Table 1) and a different temperature dependence. For instance,
cm~1 region of the infrared spectri®®® (Figure 3A, dotted in the native system at 283 K and pH 5.0 exclusively Meta Il
is formed, whereas under these conditions-80% 7,8-dihydro
37) {?30:§Eschild, K. J.; Cantore, W. A.; Marrero, Hciencel 983 219, 1333— Meta | persists (not shown).

Difference in Absorbance
we]

-.0005

(38) DeGrip, W. J.; Rothschild, K. J. Molecular Mechanisms in Visual
Transduction. IrHandbook of Biological PhysicStavenga, D. G., DeGrip, (39) Randall, C. E.; Lewis, J. W.; Hug, S. J.; Bjorling, S. C.; Eisnershanas, |.;
W. J., Pugh, E. N., Jr., Eds.; Elsevier Science: Amsterdam, The Friedman, N.; Ottolenghi, M.; Sheves, M.; Kliger, D.B5Am. Chem. Soc.
Netherlands, 2000; Vol. 3, pp-154. 1991 113 3473-3485.
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While the 11Z and 9Z 7,8-dihydro retinals confer excellent  in the treatment of retinal pathologi&s*344First of all, their
photoisomerisation activity upon the corresponding analogue effectiveness can be easily assessed thanks to the blue-shift of
pigments, the resultingll-E isomer cannot activate the opsin the corresponding pigments. In fact, this blue-shift can probably
to the same extent as its native counterpart. Hence, 7,8-dihydrobe modulated by additional modifications such as introduction
retinal should be classified as a partial agonist. It has been shownof a 14-F substituent that will partially reverse the blue-sHift.
before that partial agonism of retinal analogues can be the resultSecond, the 7,8 single bond will allow alternative catabolic
of a shift in the protonation switch equilibrium Metat Meta pathways, thus avoiding overcrowding of normal retinoid
Il toward the inactive Meta | staté;® and our preliminary metabolic routes and storage patholdg§ Such oral therapies
data point in the same direction. There is increasing evidencestill need careful pharmacometabolic studi&&but for dietary
that the dependence of receptor activity on a critical equilibrium supplementation the B-7,8-dihydro isomer may be very
node between active and inactive state(s) may be a more generasuitable, since it combines good chromophore properties with
phenomenon in G protein-coupled receptrg? Our results low sensitivity to thermal isomerization.
support the concept that modulation of this equilibrium is one  The partial agonism of 7,8-dihydro retinal probably relates
of the modes a ligand can exploit to achieve a certain agonistic to its ability to shift the pH and/or temperature dependence of
potential. Our data further exemplify that very subtle modifica- the Meta 1< Meta Il equilibrium as observed in the native
tions in ligand structure, sufficient to evoke a redistribution of pigment, in favor of the inactive Meta | state. Modulation of
charge and/or conformational strain, can be communicated tosuch a critical equilibrium node may represent a more general
modulate receptor dynamics. mechanism in G protein-coupled receptors to regulate ligand
Conclusions and Prospects activity.

We here show that the visual pigment analogues 7,8-dihydro  Acknowledgment. This research was supported by The
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efficient photoisomerization, and their photosensitivities ap- LSHG-CT-2004-504601). We thank Rosalie Crouch (Med.
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G protein transducin almost as efficiently as the native pigments.  sypporting Information Available: Figure S1, comparing the

It appears that a 7,8 single bond can absorb structural distortiongatho and Lumi FTIR difference spectra, and Chart S1, showing
in the chromophore without major implications for receptor the carbon numbering scheme in retinal. This material is
function. We anticipate that 7,8-dihydro retinals will help to  available free of charge via the Internet at http:/pubs.acs.org.
further unravel the remarkable photochemical properties and

conformational dynamics of natural visual pigments. In addition, JA074937C

they may offer interesting prospects as therapeutic supplementst 43)
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