Structure-Function Relationship
of Retinal Proteins

Retinal Proteins -- Rhodopsins
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Structure of Retinal Proteins

GPCRs

Retinal proteins or rhodopsins belong to the superfamily of seven-
transmembrane helical (7TM) proteins. Seven helices, with N-terminus
on the extracellular side and C-terminus on the cytoplasmic side of the
membrane (not necessarily G-protein coupled)

Bacteriorhodopsin -- bR

The simplest ion pump in biology
The simplest photosynthetic center

The best characterized membrane
protein

Technological applications in molecular
electronics
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Schematic proton path in bacteriorhodopsin
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Active Channels Need a PhoTocycle of bR

'‘Switch' Mechanism Photo-induced
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What is the switch in bR? How does it work? All intermediates are trapped in low tfemperature and have been
characterized by vibrational and absorption spectroscopy.

No membrane protein has been studied as
extensively as bR

Schematic proton path in bacteriorhodopsin
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All intermediates have also been characterized by X-ray crystallography!
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Study of bR at three levels

\ Chromophore
+ Analysis of the structure
+ Calculation of excited state dynamics

\ Protein

+ Chromophore-protein interaction
+ QM-MM calculations

+ MD simulation of the photocycle

N\ bR in the purple membrane
Modeling of the protein in /jpid
bilayers

Retinoids

Me Me Me
NN \?/

H

\ive
Me  Retinal Schiff base
Membrane, covalently bound, chromophore

Me Me Me o

\/Me
Me  Retinoic Acid
Nucleus, receptor site, ligand (no photoactivity)

The necessity of quantum mechanical treatment of the chromophore:

Conjugated rrelectronic system, delocalization
The effect of protein matrix on the ligand

QM is expensive - Most of the time, one needs to use models

Effect of Conjugation on pK, (Gas Phase Proton Affinity)
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No. of conjugated double bonds

Effect of the methyl groups on pk,

Species 631G* | 631G @pe) | 631G | 6:31G™* (zpe)
Me Me Me

£ 260.61 25164 262.66 253,69

. ) NG e )
et 26144 25260 26354 35470 1
S-met 261.03 252.11 263.10 254.18 e H

Me
Tmet 26132 25240 26339 25447
Smet 26139 35251 26349 35461
3 Cn
T2cis-met 26291 25404 265.00 256,14 NIB}/C;\CH;//rj\:?rn‘g\c?c‘l\(‘?cw\('”//
Dtrans-met 26341 25452 26551 25663
Nemet 26046 5103 26252 35310
4.8-dimet 26213 25338 26429 25553
T2.12-dimet 26492 75608 267.09 35824 .
Proton Affinity:
N 8-trimet 26176 75750 26392 354,66
=E, (B +

4.8,12,12-tetramet 266.08 25746 26833 25971 PA EAH (EA EH)
NAS.I212-pentamet | 26531 73614 26754 35838
Nemet-retinal Schifl | 26645 25726 26872 35952

No more room for additional methyl groups on the backbone

What is the effect of isomerization?




Isomerization State and Proton Affinity
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ce: B2,B3-di-cis isomer ct: B2-s-cis, B3-trans isomer PA=E,-(Ex+Ey)

tc: B2-strans, B3-cis isomer tt: all-tfrans isomer.

Isomerization does not have a strong impact on PA!

What is the effect of isomerization?

Retinal binding pocket in bR
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Effect of the environment on PA
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In situisomerization and pK
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Ground and Excited State Potential
Energy Surfaces of Retinal
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Ab Initio QM/MM Excited State MD Simulation

Quantum mechanical (QM)
treatment of the chromophore, S m e W N e
and force field (MM) treatment i

of the embedding protein

Isomerization Barriers in retinal
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A twisted chromophore in bR?

168° 165°
178°
Me Me
X X (;)/
Ve ' H

Me 177 176°  177°

A twisted chromophore is also experimentally reported.

Q
@ X-ray structures of bR report the twisted form of chromophore
@ The twist is found around the terminal double bonds

o

It may influence pK,, of the chromophore




