
The processof Vision



Opsins

� Rhodopsins(Rh) area classof proteins whosecommon featureis the presence of a retinyl cromophore
(retinal,or similar, attachedsomehow to theprotein) - theproteins without retinalarecalledopsins.

Rhodopsinembeddedin apatchof POPCmembrane.Retinalis shown in orange

� Rhodopsin is a membraneprotein, i.e. it sits insidea lipid bilayer. It hasseven trans-membranehelices
whichareapproximatelyparallel.Thus,rhodopsinresemblesacylinderwith its axisata right angleagainst
themembranesurface.Theprotein itself doesnotabsorbmuchlight.

� In mostcases,thecromophoreis 11-cis-retinal. It is attachedto opsin in a Schiff baselinkage through an
aminogroup of lysine.

� Different kinds:

– Animal rhodopsin. Bovine rhodopsin is oneof the most studiedsystems,in the late 1960s it was
establishedthat irradiationof Rh isomerizesthe11-cis-retinal cromophore to all-trans retinal (Wald,
Science162, 230(1968)). Afterwards,themechanismis asignaltransduction.

– Rhodopsinin algae. Mechanismsaredifferent, andquiteunknown.

– Bacteriorhodopsin. ThebacteriumHalobacterhalobium producesa specialversionof rhodopsin,the
so-calledbacteriorhodopsin.This protein is not asignalprocessor, but a light-drivenprotonpump. As
such,it convertslight energy into anelectrochemicalgradient acrossthebacterialplasmamembrane.
Theprotongradientcanbeusedto synthesizeATP. Isomerization of retinalis differentto thatin animal
rhodopsin:all-trans retinalto 13-cis-retinal.

The structure of bacteriorhodopsin hasbeenelucidated. This waspossible,becausethe protein - in
contrastto otherrhodopsins- occursasanorderedtwo-dimensionalcrystalin themembrane,allowing
electroncrystallography

– . . .



Retinal
Retinal is a small moleculederived from retinoic acid, vitamin A. It cannotbe synthesizedde novo in the

humanbody, henceourdependency onvitaminA for unhinderedvision. It hastwo interestingproperties:

� First, it is anaromaticsystem,i.e. thedouble bondsform largeorbitalsthatextend overthewholemolecule.
The electronsoccupying theseorbitals canbe excitatedby light very easily. Whereas”normal” electrons
cannot interactwith visible light, the electrons in retinal canabsorbphotons in thevisible rangeof wave-
lengths(400 - 800nm). solutionof retinalhasanintensiveyellow colour.

� Second, thedouble bonds canisomerize upon absorption of photons. Isomerizationmeans that for a short
moment the atomscan freely rotatealong a double bond, thereby changing the geometry of the whole
molecule. Whenretinalis boundto opsin(rhodopsinwithout retinalis justcalled”opsin”), only oneisomer-
izationis possible:11-cis retinalis transformedinto all-transretinal.This leadsto aconformationchangeof
thewholeprotein, thereby activatinga signalpathway.

� Theabsorption spectraof isolatedretinalsarecharacterizedby threebands:aprincipal band, broad,atabout
3.3 eV, andtwo additional weaker onesat about4.4 and5 eV. Oscillatorstrenghts of thesetransitionsare
isomer-dependent. There seemto be16known isomersof retinal.

� Isomerizationprocessin vision: irradiation of Rh � 11-cis-retinal isomerizesto all-trans-retinal : in appr.
200 fs, the photo-Rh is produced,a bathocromically shiftedphoto-product, which hasa highly distorted
trans conformation. This thermally relaxes to batho-Rh. Thermalrelaxationkeepsgoing � all-trans-retinal
+ opsin. This is colourless(in contrastto former orangedrhodopsin). The all-trans-retinal is reducedto
retinol, esterified,isomerizedto 11-cis-retinol andoxidizedto 11-cis-retinal � recombinationwith opsin,
andbackto thebeginning.

Schoenleinet al, Science254, 412(1991)



Somethings that havebeendone

� Studyof thekineticsof the femtosecond isomerization of retinal in rhodopsin,resolving it with theuseof
femtosecondopcicalmeasurementtechniques.

Schoenlen et al, Science254, 412(1991).

Excitationof therhodopsinwith a35fs pumpat500nm,andobservewithin 200fs anincreasedabsorption,
which signalstheformationof photoproduct. So thefirst stepin vision (11-cis � 11-trans) is completein
200fs.

� Realtimespectroscopy of transitionstatesin bacteriorhodopsinduring retinalisomerization.

Kobayashiet al, Nature414, 531(2001).

Useof visible-light pulsesof lessthan5 fs in durationto monitor changesin thevibrational spectraof the
molecule. Observationsleadto favour thetheory of a three-statemodelfor theisomerization.

� Ab initio studyon thelowestexcitedstatesof retinal.

Merch́anet al, J.Chem.Phys.106, 1112 (1997).

Determinationof groundstatesgeometries,andverticalexcitationenergiesusingmulticonfigurational second-
orderperturbationstheory throughtheCASPT2formalism.

� Quantum dynamicsof thefemtosecondphotoisomerization of retinalin bacteriorhodopsin.

Ben-Numet al, FaradayDiscuss.110, 447(1998).

Quantum chemicalcalculations suggestthatthreecoupled electronic statesareinvolvedin themotion. Use
of “multiple spawning method” for simulatingthesenon-adiabaticdynamics. Conclusion: most of the
population transferoccurswithin 300fs.

� Ab initio photo-isomerization dynamicsof a simpleretinalchromophore model.

Vreven et al, J.Am. Chem.Soc.119, 12687 (1997).

� CrystalStructure of Rhodopsin:A G Protein-CoupledReceptor

Palczewski et al, Science289, 739(2000).

Determination of the structureof rhodopsin from diffraction dataextending to 2.8 angstromsresolution.
Interactionsof thechromophore with a clusterof key residuesdetermine thewavelengthof themaximum
absorption.


