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Bhodopsin

Signal transduction in animal eyes

How does rhodopsin pass the light signal on to the cell? In the eye, the protein conformation change
leads to a very sophisticated signal chain. The rod cells of the retina consist of stacks of disks. Each disk
contains many rhodopsin molecules. Absorption of a photon, isomerization and conformation change
lead to the activation of transducin. Transducin is a G protein, which activates cGMP phosphodiesterase.
This enzyme cleaves cGMP (a small messenger molecule). The cGMP level drops. cGMP keeps Na*
channels in the cell membrane open, thus depolarizing the cell. A light stimulus decreases the cGMP
level, the Na* channels close and the cell hyperpolarizes relative to the dark level. In this way, the light
signal is converted into an electrical signal via a complex and strongly amplifying cascade.
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While Na+ carries most of the current into the cell, a small amount of Ca** also enters the cell through
the same channels. During light stimulation, Ca** influx is also blocked. The Ca** concentration in the

cell drops. This accelerates some reactions, e.g. the synthesis of cGMP. Thus, Ca** plays a minor part in
depolarizing the cell, but is very important in adaptation and return to the resting state.

After isomerization, the retinal is cleaved from the protein, leaving behind an opsin without
chromophore. It takes some time to replenish the protein with retinal in the correct 11-cis conformation.
This explains the long-lasting bleaching effects of bright light to our eyes.



Opsins

e Rhod@sins(Rh) are a classof prateins whosecomnon featureis the preseie of a retinyl cromophore
(retinal,or similar, attachedsomehav to the protén) - the proteirs withoutretinalarecalledopsins.

Rhod@sinembedeédin a patchof POPCmembane.Retinalis shavnin orarge

e Rhod@sinis a membaneprotein,i.e. it sitsinsidea lipid bilayer It hasserentrans-merbranehelices
which areapprimatelyparallel. Thus,rhodopsinresembles cylinder with its axisataright angleagainst
themembanesurface. Thepraeinitself doesnot absorbmuchlight.

e In mostcasesthe crom@horeis 11-cis-retinal. It is attachedo opsin in a Schiff baselinkage through an
aminogro of lysine.

o Differert kinds:

— Animal rhodbpsin. Bovine rhod@sin is one of the most studiedsystems,in the late 196)s it was
establishedhatirradiationof Rh isomerizeshe 11-cis-retinal cromophae to all-trans retinal (Wald,
Sciencel62 230(198)). Afterwards,the mechaismis asignaltransductio.

— Rhodmsinin algae. Mechaismsaredifferert, andquite unkrown.

— Bacteriortodogsin. The bacteriumHalobater halobium prodicesa specialversionof rhodopsin,the
so-calledbacteriohodgsin. This protein is notasignalprocessorbut a light-driven praton pump As
suchi,it convertslight enegy into anelectroclemicalgradent acrassthe bacterialplasmamembrane.
Theprotongradentcanbeusedto synthesizéATP. Isomerizatio of retinalis differentto thatin animal
rhodopsin:all-trans retinalto 13-cis-retinal.

The structue of bacterishodgsin hasbeenelucidated. This was possible,becase the pratein - in
contastto otherrhopsins- occus asanordeedtwo-dmensionakrystalin the membrae,allowing
electroncrystallogaphy



Retinal
Retinalis a small moleculederived from retinoic acid, vitamin A. It cannotbe synthesizedle novo in the
humanbody, henceour depenieng onvitamin A for untinderedvision. It hastwo interestingproperties:

e First,it is anaronmatic systemj.e. thedoule bordsform largeorbitalsthatexterd overthewholemolecue.
The electronsoccupying theseorhitals canbe excitatedby light very easily Whereas'normal” electrons
canna interactwith visible light, the electrors in retinal canabsorbphotmsin the visible rangeof wave-
lengths(400 - 800hm). solutionof retinalhasanintensve yellow colout

e Secondthe dolwble bonds canisomeriz upm absorptio of photms. Isomeization mears thatfor a short
momert the atomscan freely rotate along a dowble bond therely charging the geonetry of the whole
molecue. Whenretinalis boundto opsin(rhadopsinwithot retinalis justcalled”opsin”), only oneisomer
izationis possible:11-ds retinalis transfamedinto all-transretinal. This leadsto a confamationcharge of
thewhole protén, therely activatinga signalpathway.
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e Theabsorptio spectraof isolatedretinalsarecharacteéredby threebands:aprincipal band broa, atabout
3.3 eV, andtwo additioral wealer onesat about4.4 and5 eV. Oscillatorstrenglts of thesetransitionsare
isomerdependen There seento be 16 known isomersof retinal.

e Isomeriationprocessn vision: irradiaion of Rh — 11-cis-retinal isomerizedo all-trans-retinal : in appr
200fs, the photoRh is prodiced, a bathocomically shifted phao-praduct, which hasa highly distorted
trans confamation Thisthermally relaxes to bathoRh. Thermalrelaxationkeepsgoing — all-trans-retinal
+ opsin. This is colouless(in contrastto former orargedrhodopsin). The all-trans-retinal is redwcedto
retinol, esterified jsomerizedo 11-cis-retinol andoxidizedto 11-<cis-retinal - reconbinationwith opsin,
andbackto the beginning.
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Fig. 1. Schematic ground-state and excited-state
potential energy surtfaces for the 11-cis — 11-trans
isomerization in rhodopsin, adapted from (14).
The reaction path of the photoisomerization is
indicated by the nonadiabatic potential surfaces
(broken lines).

Schoenleiret al, Science?54, 412(1991)



Somethings that have beendone

e Studyof thekineticsof the femtosecad isomerizatio of retinalin rhodopsin, resolvirg it with the useof
femtosecad opcicalmeasuementtechniaies.

Schoelenet al, Science254, 412(191).
Excitationof therhodopsinwith a35fs pumpat500nm, andobseve within 200fs anincreasedbsorpion,
which signalsthe formation of phaopraduct. Sothefirst stepin vision (11-cis — 114rans) is completein
200fs.

¢ Realtime spectroscopof transitionstatesn bacteiorhodpsinduiing retinalisomerization
Kobayashiet al, Nature414, 531(2001).

Useof visible-light pulsesof lessthan5 fs in durationto monitar changesin the vibrational spectraof the
molecue. Obsenationsleadto favourthetheay of athree-statenodelfor theisomeriation.
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e Abinitio studyonthelowestexcitedstatesof retinal.
Merchanet al, J.Chem.Phys.106 1112 (1997).
Determingion of groundstateggeametries andverticalexcitation enegiesusingmulticorfiguratioral seconé
orderpertubationstheor throughthe CASPT2formalism.

e Quantum dynamicsof thefemtosecad phaoisomerizatia of retinalin bacterishodopsin.
Ben-Numet al, FaradayDiscuss.110, 447 (1998).
Quantun chemicalcalculatiors suggesthatthreecouged electroric statesareinvolvedin themotion. Use
of “multiple spavning method for simulatingthesenon-adiabaticdynanics. Conclusion mostof the
popuation transferoccurswithin 300fs.

e Abinitio photaisomerizatio dynamicsof a simpleretinalchronophae mockl.
Vreven et al, J.Am. Chem.Soc.119 1268 (197).

e CrystalStructue of Rhodgsin: A G ProteirCoupledReceptor
Palczavski et al, Science289 739 (2000).

Determindion of the structureof rhocbpsinfrom diffraction dataextendng to 2.8 angstromsresolution
Interadions of the chromophae with a clusterof key residuesdeternine the wavelengthof the maximum
absorpion.



