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Abstract:  Oxygen activation and oxidation chemistry in heme enzymes is important for many difficult chemical 

transformations that sustain life. The archetype enzymes are cytochrome P450 and horseradish peroxidase. A key 

species in the reaction process is the green intermediate compound 1, which contains a high valent state of iron (Fe4+) 

bound to an oxygen atom and a porphyrin radical.  Compound 1 is highly reactive and often short-lived which has 

made its characterization challenging. Prior to this work, all characterized compound 1 species were from b-type 

hemes, thus it was not known if enzymes with c-type hemes access the compound 1 intermediate. This has relevance 

to mitochondrial cytochrome c that shuttles electrons in electron transport chains, but gains peroxidase activity under 

oxidative stress conditions leading to programmed cell death.  Here we discuss the first trapping and spectroscopic 

characterization of compound 1 from two different enzymes containing c-type hemes: bacterial cytochrome c 

peroxidase and cytochrome c’. Both can function as peroxidases, but kinetic results suggest an alternative function 

for cytochrome c’. New insight into the electronic structure of compound 1 implicates the propionate peripheral 

groups as important in stabilization of the porphyrin radical and its electronic properties, rather than the axial ligand 

to the heme. 
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