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It is possible to induce electron transfer (ET) in many biological systems by
introducing donor-acceptor pairs, i.e. metal ions [1], or by integrating systems into
solid-state junctions [2]. We have recently proposed and validated a novel
methodology. It takes advantage of a redox reaction between a nitroxyl radical and a
metal Ru(lll) center, both bound at selected specific positions within suitable
biological systems [3]. The applicability of the method has been demonstrated by
using bacteriorhodopsin (BR) and time-resolved EPR. Site-directed spin-labelled
mutants of BR were prepared, and a spin-labelled analogue of BR retinal was
synthesized and incorporated into the active site of the apoenzyme (BRgat). The
Ru(ll)-bipyridyl complex was also bound at a specific coordination site. ET was
followed by monitoring the decrease in the intensity of nitroxyl EPR signal. It was
shown that the rates of photo-stimulated ET were significantly lower for the buried
retinal analogue in BR than for mutants in which the spin label was located at
external sites. The crystal structure of BR was used to interpret the rates of ET
observed. It was subsequently found that this methodology can be conveniently
utilized to study water penetration to specific sites in the protein at which the nitroxide
spin label is bound. We have used isotopic labelling water (H,'’O) to demonstrate
that it can penetrate to a buried spin-labelled site, and convert an EPR-silent
oxoammonium cation to a nitroxide displaying a detectable EPR signal. This provides
a novel and unique approach for measuring site-specific water penetration into
biological systems.
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