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Photosynthesis, EPR and contributions of George Feher: This is a personal account of the 
research career of an outstanding biophysicist. It is a fascinating story in itself but it is also 
given here as a Journal club paper to illustrate the contributions made by EPR to 
photosynthesis.  As mentioned in the book (see e.g. Fig. 5.3.19) key steps in bacterial 
photosynthesis involve photoexcitation of a strongly interacting pair of bacteriochlorophyll 
molecules, the ‘special pair’ (P); this promotes the movement of an electron to quinone 
acceptors leaving a P+ state on the special pair. Coupled cyclic electron transfer reactions, 
involving the integral membrane cytochrome bc1 complex (complex III) and soluble cytochrome 
c, result in two protons being pumped for every photon absorbed; the resulting transmembrane 
potential difference generates ATP via ATP synthase.  
 
Question: How was EPR used to characterize the reactants and charge separation in 
photosynthesis? 
 

Answer: As explained on p26 of the paper, the technique of choice to investigate the primary 

reactant was EPR/ENDOR. In the charge-separation process, written here as ,  the 
species D+ and A– have an unpaired electron that can be detected by EPR. Photo-induced free 
radicals had been reported before Feher’s studies but the origin of the signal was uncertain. 
Feher, therefore, used model compounds to compare spectra with the unknown species.  
Comparison of the EPR signals from the bacteriochlorophyll cation (BChl+) and D+ showed their 
g-values to be identical but the linewidth of D+ was ~40% narrower than that of BChlC. The 
puzzle of the linewidth was solved when it was realized that the electron on D+ is shared 
between the two bacteriochlorophylls in the special pair. This sharing is expected to reduce the 
EPR line width by ~2, as was observed. A more definitive proof was the use of ENDOR to 
measure the hyperfine couplings (these are proportional to |(r)|2) in both the BChlC monomer 
and in the donor. {If the electron spends only half of the time on one BChl of the dimer, the 
square of its wavefunction |(r)|2 in the dimer should be half of that in the monomer.} The 
results indicated that, on average, the hyperfine couplings are smaller in the donor by a factor of 
2, thus showing unequivocally that the primary donor is a bacteriochlorophyll dimer. 
 

The identification of the primary acceptor (A-) proved to be more difficult. An unusually broad 
(~50mT) EPR signal was attributed to the primary acceptor.  Previous experience suggested 
that such a broad line is likely to be associated with electrons in the unfilled d-shell of a 
transition metal like iron.  Mild conditions for the removal of the Fe were developed and EPR 
experiments were performed at higher frequencies (35 GHz rather than 9 GHz). To determine 
the chemical identity, the model compound approach was used, as had been done for D+. It was 
shown that the EPR spectrum of ubiquinone (Q) was identical to that of the acceptor A-. 
Supporting evidence for the role of quinones came from reconstitution experiments showing 
that two quinones bind to the reaction center, one more tightly (QA) and one less tightly (QB). QA 
was shown to have an obligatory role in the photochemical activity while QB was assigned the 
role of the secondary acceptor. The broad EPR line was attributed to the electron on the 
quinone interacting with the large magnetic moment of the Fe, thus forming an Fe-quinone 
magnetic complex. 
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Several other techniques were used to elucidate the electronic structure of the complex. These 
included static magnetic susceptibility measurements, EPR spectroscopy, and EXAFS. The main 
conclusion was that iron is in the high-spin Fe2+ state, irrespective of the reduction state of the 
quinone and that it is located approximately equidistantly between QA and QB but does not form 
ligands to them. 
 


