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 Rhodopsin as a Prototypical G Protein-Coupled Receptor

G protein-coupled receptors 
(GPCRs) constitute a large class 
of structurally related cell 
receptors .  They detec t
hormones, neurotransmitters, 
metabolites, odorants, and, in 
the case of the visual pigments, 
light outside the cell and 
med ia te  an  intracel lular 
response by activating a G 
protein-coupled transduction 
cascade. They do not only 
constitute a physiologically very 
important class of proteins, but 
are also the major target of 
pharmaceutics.

Rhodopsin is the visual pigment 
for dim light vision and the 
probably best studied GPCR. Up 
to now, rhodopsin is the only 
receptor of this family, of which a 
crystal structure of the inactive 
state is available. Rhodopsin is a
t r a n s m e m b r a n e  p r o t e i n  
consisting of 7 membrane-
spanning helices, that are 
interconnected by extracellular 
and cytoplasmic loops. As a 
chromophore, it has covalently 
bound in its inactive dark state 
11-cis retinal, which isomerizes
after photon absorption to
an all-  geometry. This initial 
structural change within the 
chromophore binding pocket is 
propagated to the cytoplasmic
surface of the receptor, enabling 
the docking and activation of 

trans



visual G protein and activation of 
downstream elements of the 
visual signal transduction 
cascade.

 

The decay of the signaling state, Meta II,
occurs in vitro, in the absence of 
regulatory proteins, by hydrolysis of the
retinal-protein linkage and dissociation 
of the receptor to retinal and the 
apoprotein opsin. Opsin is then 
supplied by the visual cycle with 
regenerated 11-  retinal to restore the 
"dark pigment".
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My research interest focuses on the
properties of rhodopsin as a GPCR on 
a molecular level, particularly on the 
steps leading to its activation, on the 
characterization of its active state(s), 
and on the eventual decay of these 
signaling states. 

As principal methods I use

, both in transmission and (attenuated total reflection) mode, which is capable of
detecting changes arising from single residues within the protein, as well as , 
both combined with biochemical methods. Further a fluorescence assay is used to monitor activation 
of the G protein transducin by active receptor conformations of rhodopsin or rhodopsin analogs.
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Presently, two PhD students, Steffen 
Lüdeke and Dan ie l Win te r ,  
contribute to this work on rhodopsin. 
Furthermore, I have fruitful 
collaborations with other groups. 

With  and his organic 
chemistry group at the Weizmann 
Institute of Science in Rehovot, 
Israel, we  a re  inves t iga t ing  
chromophore-protein interactions. 
Our main goal is to understand how 
chromophore isomerizations change 
the conformation of the protein. This 
is supported by  and his 
Biomolecular Optics group at the 
LMU München, who are able e.g. to 
calculate vibrational frequencies of 
chromophore isomers by quantum
chemical methods.
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We are further studying structure and
function of rhodopsin by using 
rhodopsin mutants, which is done in 
collaboration with

 and his molecular biology 
group at the Rockefeller University 
in New York. 
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Finally, we are working together 
with  and his
structural biology group at the MRC 
in Cambridge, UK, who are studying 
rhodopsin by electron and X-ray 
crystallography to obtain crystal 
structures of the dark state of 
rhodopsin as well as of its 
photoproduct states.

Gebhard Schertler

The computer screen shows a picture of the total eclipse of the 
sun of August 11,1999, which was observable not far from 
Freiburg  
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Metarhodopsin III - The unbelievable truth
Thermal isomerization of the chromophore's C=N double bond leads to deactivation of the 
receptor
 
An unbleachable and photocycling visual pigment
Activation and relaxation behavior of 11-cis-locked rhodopsin
 



Membrane protein conformation and stability
Influence of salts on protein unfolding and conformational transitions of rhodopsin
 
Active and inactive conformations of opsin
Conformational equilibrium of the receptor protein in the absence of ligands
 
The protonation state of the Schiff base in the active receptor state
Anion binding mediates formation of an active Meta II state with protonated Schiff base
 
Influence of protein-ligand interaction on receptor activation
Removal of the 9-methyl group changes all-trans retinal from a full  to an only partial agonist
 

See also: Rhodopsin Mutants
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