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The vertebrate photoreceptor rhodopsin is a member of the super family of G protein-
coupled receptors (GPCR). The ease of light-dependent, as compared to ligand-
dependent activation and the abundance by which rhodopsin can be prepared from
bovine retinae have rendered this system an intensely studied model for GPCRS in
general. We have used the attenuated total reflectance method to obtain Fl'IR difference
spectra of the light-induced formation of the metarhodopsin I I metarhodopsin II
photoproduct equilibrium at well defined pH and ionic strengths in aqueous solution. In,
contrast to previous measurements on hydrated films ofrhodopsins in which MI and MU
had to be stabilized at -20°C and 5°C, respectively, the ATR technique allows to shift the
MIIMII equilibrium at a fixed temperature by. varying the pH while interferograms are
being recorded. Therefore, it is possible to study conformational changes occuring with
the MI to MI! transition, i.e., pH-induced difference spectra of the M1.0 MI! transition
can be obtained directly from a once illuminated sample. The advantage of this approach
versus temperature stabilization is twofold: from previous experiments the MI/Ml
difference can only be estimated by subtraction of seperate light-induced rho to Ml and
rho to lviii difference spectra obtained from independent samples. Therefore, absorption
bands of dark rhodopsin are still present.

Due to the inevitable differences in the amount of photoreacted rhodopsin in both
samples a subtraction factor has to be chosen subjectively in order to compensate
absorplions of dark rhodopsin. The corresponding marker bands of the dark state have
to be free of any overlap with photoproduct absorptions which is difficult to fulfill if
different photoproduct difference spectra have to be subtracted. With the ATR technique
the MI/MI! is automatically scaled to the same amount of photoreacted rhodopsin,
because the amount of MI formed with a pH change causes a stoichiometric decrease of
the amount of the MI photoproduct from zwich it is formed. In addition, the
conformations of both intermediates are subjected to identical physical environments,
including temperature. Therefore, those conformational changes which may be inhibited
in temperature stabilized MI are thermally allowed in the ATR sample studied at 5°C.
This additional advantage may help to identify the minimal number ofabsorption changes
accompanying the transition from an inactive receptor state (MI) to the active
conformation (MI!).

In our preliminary studies we are particularly interested in the dark accessibility of
titratable amino acid side chains and their possible participation in the pH-induced MI to
Ml! transition after illumination. In the dark, three infrared absorption changes are
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observed upon changing thepH from 4.7 to 6. They are caused by the disappearance of
the carbonyl stretching vibration of protonated carboxylic acid groups at 1710 cm-' and
the concomittant increase of the symetric and antisymetric COO stretching bands at 1402
cm-' and 1560 cm-', respectively. Since these bands are caused by stoichiometric
changes in the population of protonated and unprotonated carboxylic acid groups, they
allow a direct comparison of band shapes and intensities. Thepeak intensity ratios are 1:
1.3: 1 (1710: 1560: 1402 cm-1). The frequency at 1710 cm-' indicates that the carbonyl
oxygen is hydrogen bonded as expected for titratable surface exposed groups. The
observed pH-induced infrared absorption changes are not accompanied by alterations of
amidFor-llvibrations.-This facrcontrasts the situation found after illumination when-
the MIIMII equilibrium is formed. Not only arepH induced changes of amide I and II
absorptions observed, but also additional bands at 1710, 1560 and 1402 cm-' with a
'higher pH than the dark titrating groups are observed. These signs agree with

"..protonation.of"atleast one. additional carboxylic adupacid-up.....

on formation of MI. The frequency at 1710 cm-' argues for a water exposed group.
Since protonation of Glu-113 has been shown to occur with MI formation and no pH-
dependent absorptions at frequencies different from carboxylic acid vibrations are
observed, the data are compatible with direct titration of Glu-.113 in the MI/MI!
equilibrium. ThepKa>5of this transition mayarise from coupling of the protonation
change to a conformational change which gives rise to the amide absorption changes.
The frequency of 1710 cm-' agrees with previous FTIR band assignments for theC=O
stretch of protonated Glu-1 13 based on rhodopsin mutants.

A possible.model for receptor activation in rhodopsinmaytherefore include light-induced
exposure of a titratable group which is not accessible in the dark and which stabilizes'
different protein conformations (MI,MII) dependingon its protonation state. This model
implies that in Ml , the counterion is already accessible from the aqueous phase. Our
present studies are aimed at precise determination of pKaof spectroscopically discemable
carboxylic acid groups.




