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Report: 
Bacteriorhodopsin (BR) is the photoreceptor protein in the purple membrane of Halobacterium 
salinarium. It acts as a  proton pump, allowing the transformation of light into chemical energy. Purple 
membrane (PM) binds 5 mols of Ca2+ per mol of protein, that play important structural and functional 
roles. The extraction of these cations leads to a deionised form of the membrane that possesses 
characteristic features. The purple form can be regenerate by the addition of mono-, di- or trivalent 
cations. The research concerning the cation binding to the purple membrane has mainly been directed 
towards the using of several indirect techniques as for example NMR, Scatchard plots, DSC (refs), but 
these techniques are unable to give structural and geometrical information about the coordination of 
the metals. In this sense, X-ray absorption spectroscopy is a direct technique to obtain information 
about the local structure around a metal. It allows to study purple membrane in solution, i.e. in an 
environment which is much closer to its physiological state. Also has the advantage of being element-
specific and does not require a crystalline sample. The nature and location of the cation binding site is 
currently in dispute and is the subject of intense investigations by a number of research groups. Our 
previous studies have shown: i) the presence of one site of high affinity and four sites of medium 
affinity and five sites of low affinity for Mn2+, ii) that the low-affinity sites are located on the BR C-
terminal segment, and iii) by using EXAFS, that the binding sites are located in the protein and not in 
the lipidic region. (See references  of our proposal Ref. N. 5377). 
The main goal of our research was the study of the Ca2+-high affinity binding site in the 
bacteriorhodopsin.  In this experiment we have performed a detailed study of the absorption spectrum 
close to the absorption edge (XANES) that is very sensitive to the site geometry. We performed ab 
initio calculations of the X-ray absorption cross section based on a full multiple scattering approach 



 

(Benfatto and Della Longa, J. Synchrotron Rad. 8, 1087-1094). A best fit of the experimental data was 
also performed by changing the cluster geometry (Fig 1).  
We have characterized the Ca2+-high affinity binding site in the bacteriorhodopsin. The Ca2+-PM 
environment is compared with a Ca2+ water solution, showing differences both in the oxygen 
coordination numbers and cluster geometry. 
The results of this experiment shows that the Ca2+ is hexa coordinated with the two atoms of the Asp-
212, with one of the oxygen atoms of the Asp-85 and with three water molecules (Fig. 2 and Table I). 
This cluster shows a very distorted octahedral geometry with the 6 first neighbours located at an 
average Ca-O distance of 2.30 Å. 
The great biochemical importance of this work is that Ca2+ is one of the native cations that have been 
found bound to the purple membrane in physiological conditions. Therefore the results of this 
experiment are of fundamental interest in order to know the structure-function relationship of 
bacteriorhodopsin, and also are a strong evidence for the specific binding site of the metal cation to 
bacteriorhodopsin. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Theory-vs-experiment best fit results obtained for the cation binding site of 
bacteriorhodopsin 
 
      
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Optimized geometry of the cation binding site of bacteriorhodopsin. 
 
 
            

Atom O1-Asp85 O2-Asp85 O1-Asp212 O2-Asp212 W1 W2 W3 Mean 

Ca 2.31 3.36 2.22 2.37 2.25 2.36 2.29 2.30 (excluding Ca-O2-
Asp85 distance) 

 
Table 1. Selected distances of the optimized molecular cluster. All distances are in Angstroms. 
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