












Re-protonation can be obtained by an isomerization around the 
C14 -C15 bond in theM toM' transition (Schulten et al., 1984). 
Thereby the Schiff base is transposed near asp(3) which can 
donate a proton to the Schiff base. Asp(3) undergoes protonation 
changes at this time scale (Siebert et al., 1982; Engelhard et al., 
1985). After re-protonation re-isomerization to all-trans 'can 
occur. If asp(l) and asp(3) are only accessible for protons from 
different sides of the membrane, this model can also explain a 
vectorial transport. By the proposed model the transduction of 
light energy into proton transfers can be described. 

Materials and methods 

Purple membranes were isolated, bleached and regenerated by labelled retinals 
as described (Oesterhelt and Stoeckenius, 1974; Kunaga and Ebrey, 1978). The 
isotopically labelled retinals were synthesized as described by Lugtenburg ( 1985) 
and Pardoen et al. (1984). Difference spectra were obtained as described by 
Engelhard et al. (1985) and Siebert and Mantele (1983). 

Because the BR-M difference spectra reflect, regarding chromophore bands, 
mostly BR bands (a protonated retinylic Schiff base absorbs much stronger in 
the i.r. than an unprotonated) the BR chromophore bands can be assigned in these 
difference spectra. As an appropriate approximation we assigned the band which 
is most sensitive to a specific labelling to the corresponding internal mode. 

To assign reliably the C=N-stretching vibrations, the spectra of the unlabelled 
and 15-13C-labelled compounds-were subtracted. The constants for the subtractions 
in the Schiff base region were obtained by linear regression of the distances between 
the subtracted spectra between 1800 em - t and 800 em - t, using the software of 
the Bruker FTIR instrument. In Figure 1 three subtractions between different 
spectra were added, and in Figure 2 , five. In order to elucidate in the fingerprint 
region the influence of BR bands, we subtracted the BR-M difference spectra 
which shows in this region only BR bands. The subtraction constants were deter
mined by compensating the BR bands at 1255 em- ', 1215 cm- 1, 1202 cm-1, 

1167 cm- 1 and 1008 cm- 1• Variations of the constants around the selected 
values did not essentially alter the results but produced additional bands, either 
positive or negative, caused by the BR-bands. 

Vibrational analyses were performed with the normal mode program developed · 
by Curry (1983) using the Wilson FG method (Wilson et al., 1955). Because 
the C = N-stretching vibration is a good group frequency, as shown by vibrational 
analysis of the PSB retinal (Smith et al. , 1985), it is an appropriate approximation 
to calculate the Schiff base region only. Starting with the force field as derived 
by Smith et al. (1984), we fitted the frequencies obtained for BR, K and L for 
the unlabelled and 15-13C-Iabelled compounds in H20 and 2H20 by varying the 
diagonal force constants for stretching and bending vibrations. The analysis 
accounted for the different coupling of the C = N-stretching vibration with the 
bending and stretching vibrations of adjacent bonds which also influence the C = N 
frequency (Kakitani et al. , 1983). Bond orders were obtained using the relation
ship between diagonal stretching force constants (Fij) and bond orders (Pi) Pij 
= 6.4 Fij + 4.4 for linear polyens (Gavin and Rice, 1971). 
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