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1. Introduction 

Catalase reacts with methyl hydrogen peroxide to 
form a red compound designated as Compound II of 
catalase. The structure of this compound is still of 
unclear origin. Chance [1 ] discusses an enzyme-sub- 
strate complex with trivalent heme iron. George [2] 
assumes that the heine iron exists in a quadrivalent 
state in Compound II of the peroxidases. Measure- 
ments of the magnetic susceptibility of Compound II 
made by Theorell and Ehrenberg [3] failed to reveal 
the valency of heme iron. Therefore electron spin 
resonance was used to investigate Compound II of 
catalase, because this method is known to give typical 
spectra of ferrihemoproteins [4, 5]. 

2. Materials and methods 

Bovine liver catalase was prepared according to the 
method of Schnuchel [6] with slight modification 
[5]. The Kat-f-value determined according to Berg- 
meyer [7] ranged from 50,000 to 70,000. For the 
electron spin resonance measurements, 0.6 ml of a 
1.25 X 10 -4 M catalase solution were mixed with 40 
#1 of a 0.4 M aqueous methyl hydrogen peroxide solu- 
tion and subsequently frozen in liquid nitrogen. The 
electron spin resonance measurements were made at 
77°K and at 20°K. 

3. Results 

Hemoprotein complexes with trivalent heme iron 
are reported to exist in 2 electronic configurations in 
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the basic state [8]. One of them with 5 unpaired 
electrons is called high spin and the other one, with 1 
unpaired electron, low spin. Both have the same che- 
mical structure with minor differences in the bond 
lengths between the iron and its ligands. 

In the electron spin resonance spectrum the high- 
spin form is represented by strong absorption with 
g-factor 6 and a small absorption with g-factor 2. The 
low spin form exhibits 3 absorption bands around 
g-factor 2. Consistent with this, the electron spin 
resonance spectrum of  Compound II of catalase (fig. 
1) recorded at 77°K proved to be a typical mixed 
complex of the high and low spin form, because the 
spectrum exhibits absorptions typical of  both elec- 
tronic configurations. This type of spectrum is ob- 
served with various hemoproteins [4, 5]. On the con- 
trary, the low spin portion can no longer be reliably 
detected at 20°K. This temperature behaviour suggests 
that the high spin form of Compound II is the prefer- 
red one. The temperature dependence of the mixed 
complex is in conformity with the optical spectrum 
at room temperature which mainly shows low spin 
character [1 ]. 

The electron spin resonance spectrum of Compound 
II also shows a radical signal of  lower intensity. The 
radical concentration of this signal does not corre- 
spond to an oxidation equivalent and should be at- 
tributed to a side reaction of peroxide with the cata- 
lase protein. The absorption at g = 4.2 corresponds to 
nonheme rhombic iron [9]. 

4. Discussion 

As it is revealed by the typical electron spin reso- 
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Fig. 1. Electron spin resonance spectra of Compound I[ of cat- 
alase:g.I. 1 = 6.5;gJ.~= 5.2;glo= 2.52;g 2 = 2.22;g 3 = 1.84. 
Temperature: a) 20-K; b) 77-K. 

nance spectrum of Compound II of  catalase, heme 
iron is in a trivalent state. This finding is in conformity 
with the conceptions maintained by Chance who con- 
cluded from the optical behaviour o f  Compound II 
that this complex must contain ferric iron [1 ]. But 
our results are in contradiction to the views expressed 

by George [2] who assumes quadrivalent heine iron 
for the Compound II of  the peroxidases, on the basis 
of  his redox investigations of  Compound II of  per- 
oxidase. George has extended this finding to all Com- 
pound II of  other heme enzymes, but this assumption 
is refuted by the phenomenon that the electron spin 
resonance spectra of  d 4-complexes differ from d 5-com- 
plexes [10] and that no stable quadrivalent iron com- 
plexes are known as yet. The formation of  Compound 
II is conceivable as an isomerization of Compound I, 
an enzyme-substrate complex of  catalase [ 1 ] in which 
both oxidation equivalents are maintained. The as- 
sumption of  one oxidation equivalent for Compound 
II might be compatible only with the presence of  a 
quadrivalent heme iron or of  a radical equivalent, but 
either has been precluded by electron spin resonance 
measurement. Hence, according to our studies, the 
reaction of  catalase proceeds without single-step in- 
termediate stages. Compound I or Compound II must 
rather be reconverted into catalase by a 2-equivalont 
reduction. 
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