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Figure 1. The kinetic dependences of the high spin metMb, ferryl Mb and total free radical in the course of reaction of 100 M metMb with 100 M H2O2, pH7. The dependence for HS metMb starts from the level of 91, not 100 M, reflecting the fact that 9 M of the metMb was in the low spin form at the beginning of the reaction. The dependence for the free radical is multiplied by 10, therefore the actual maximum concentration of the free radical (at 0.42 min) is 2.3 M. 
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Figure 3.  The EPR spectra of 100 M metMb (left) and 100 M metHb (right) in the free radical region in the course of reaction with equimolar amount of H2O2 . 
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Figure 5. The kinetic dependences of the peroxyl radical after 100 M H2O2 was added to 100 M HH metMb, at three different pH values. 
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Figure 7. The kinetic dependences at three different pH values of the two isoforms of the peroxyl radical, ROO-I and ROO-II, in human metHb, following the addition of H2O2 . 
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Figure 9. The kinetic dependences of the non-peroxyl radical with the multiplet EPR signal M after 100 M H2O2 was added to 100 M HH metMb, at three different pH values. 
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Figure 12. The time dependence of the singlet (non-peroxyl) EPR signal S in metHb+H2O2 at three different pH values. 
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Figure 13. The signals of the tyrosine radical. A – measured at 10 K in metHb reacting with H2O2 at pH8, frozen at 29 s after mixing (see figure 3), B – measured at room temperature in metHb reacting with H2O2 at pH8, single scan was started 5 sec after mixing and lasted for 10 sec; C – difference spectrum [whole green leaf (Arabidopsis thaliana) stressed by intense light for 1 h] – [unstressed control], both stressed and control leaf spectra measured at 10 K. 
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Figure 14.  A – The EPR spectrum m72 from figure 3, metMb+H2O2, pH7, 1.50 min after mixing; B – the difference spectrum shown in figure 8, a suggested pure line shape of the multiplet signal detected in the frozen samples of metMb+H2O2 (its component are seen in A); C – room temperature spectrum of metMb + H2O2 recorded at earliest time after mixing*). The distance between the gridlines is 10 G. 
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Figure 15. Spectra of 100 M HH metMb and 100 M SW metMb after addition of 100 M H2O2 (35 mM phosphate buffer, pH 7.6). The time of sample freezing after mixing is indicated. The temperature of measurement was 10 K; all spectrometer settings were the same for all spectra. The g=2 component from the HS haem signal has been subtracted at proportions defined from the g=6 time dependence so that the spectra shown represent the free radical signals without admixture of the HS haem signal.

It has been known for almost 100 years that hydrogen peroxide (H2O2) reacts with haemoglobin in the oxidised (FeIII) state[Kober, 1900 #85]. The solution colour change on addition of H2O2 can be seen by eye and was first documented in 1900 with the use of a then state of the art spectrophotometer. It became apparent much later that the change of colour is caused by the haem iron oxidation to the ferryl (FIV=O) state. The reaction proceeds similarly for two related haem proteins, methaemoglobin  (metHb) and metmyoglobin (metMb). While formation of the ferryl haem state requires one electron subtraction from met-haem, hydrogen peroxide is reduced to water, which is a two-electron process. Where does the second electron come from to reduce H2O2? The general answer to this question is that it comes from the globin moiety of the protein; and indeed a free radical was detected in both metHb and metMb on addition of H2O2. Although this happened 41 years ago and has been confirmed ever since in many publications, the actual location of the radical on the protein, the question of whether it is a single species or a number of different radicals and how the formation of the radical(s) depends on the nature of the protein are all questions that are still under discussion. We report here the results of the study of the free radical formation and the radical kinetics in two myoglobin and one haemoglobin preparations, horse heart myoglobin (HHMb), sperm whale myoglobin (SWMb) and human haemoglobin (HbA), all in the met-form (FeIII). The reaction was conducted at three different pH values (6, 7 and 8) and the radicals were detected by  EPR spectroscopy, either continuously in the solution (room temperature) or in the samples frozen at specific time after H2O2 was added to the protein (10 K). The table below summarizes the data obtained on the free radical formation and concentration as detected 25 s  after 100 M H2O2 addition to 100 M protein (haem concentration) at pH7. The suggested free radical locations (amino acid residues) are also indicated. The fact of the very different radical yield in different proteins will be discussed from the point of view of differences in the protein structure.

1. General description of the reaction (figure 1)

2. There are more than 1 radical: the effect is different in different proteins

3. The complex spectrum can be deconvoluted into components in every particular case.

4. One peroxyl radical in HHMb and two in HbA

5. Kinetic dependenses of the peroxyl radicals at different pH

6. Non-peroxyl radicals, their kinetic dependenses at diff pH

7. The non-peroxyl radicals are quintet (in Hb) and septet (in HH Mb)

8. The quintet is Tyr; what is the septet?

SW Mb aslo has been studied. The difference in yield of different radicals – structure determined.
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