
Copper and iron proteins

Hendrik Küpper, Advanced Course on Bioinorganic Chemistry & Biophysics of Plants, summer semester 2021
based on a lecture of Peter Kroneck, Universität Konstanz



Elements that are known to be essential for plants

periodic table from http://soils.wisc.edu/facstaff/barak/soilscience326/periodic.gif

Typical roles of copper and iron proteins

 Reductions and oxidations of substrates

 Oxygen transport

 In several metabolic functions, enzyme variants exist that can replace each other if an organism 
suffers from deficiency of one of these two metals 



Respiration = reduction of O2 to H2O

based on a lecture slide of Peter Kroneck
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Lecture slide from Peter Kroneck
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Examples of plant enzymes with iron in the active centre

Catalase
Ferredoxin

Cytochrome c Rieske protein

Details on biochemistry & spectroscopy: lecture on iron+copper proteins!
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 Detoxify hydrogen peroxide (H2O2)
 Various forms found in all kinds of aerobic 

organisms from bacteria to plants and animals
 Iron always present as heme-iron

Catalases, 
some of the most important 

heme-iron enzymes: 
(a) function and structure

Neurospora crassa catalase1, From: Diaz A 
et al, 2004, J Mol Biol 342, 971-85

Saccharomyces cerevisae catalase A, 
From: Maté JM et al, 1999, J Mol Biol 268, 135-49



Catalases, heme-iron 
enzymes

(b) catalysis

From: Alfonso-Prieto M et al., 2009, 
J. Am. Chem. Soc. 131, 11751-61.

alternative pathways: a) His-mediated mechanism, b) direct mechanism
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confusing large number of names for homologous proteins in different organisms
 REALITY: just 3 really different (non-homologous) Cu-chaperones are well known, 

some more proteins are postulated to be Cu-chaperones

Copper delivery inside cellular compartments

From: OHalloran TV, Culotta VC, 2000, JBC275, 25057-60



Selected enzymes with copper in the active centre

• Plastocyanin

•Cytochrome c oxidase 3 Cu 
(binuclear site and mononuclear 
site)

•SOD = Superoxide dismutase

Details on biochemistry & spectroscopy: lecture on iron+copper proteins!



Solomon EI, Heppner DE, Johnston EM, Ginsbach JW, Cirera J, Qayyum M, Kieber-Emmons MT, Kjaergaard CH, Hadt RG, Tian L.
2014. Copper active sites in biology. Chemical Reviews 114, 3659–3853.

Classically, copper proteins are divided into three classes

(1) The mononuclear blue copper proteins characterized by an 
extremely strong absorption band at ~600 nm, caused by a 
ligand–metal charge transfer between the sulphur of a cysteine 
residue and the copper. Most famous example: plastocyanin

(2) The mononuclear non-blue copper proteins. 

(3) Proteins with a coupled binuclear copper centre.

More recently, further specialised types of copper centres have 
been found
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A. Messerschmidt, Handbook of Metalloproteins (2001)

Type 1 electron transfer center of AOX:
blue copper protein with high similarity to plastocyanin!



A. Messerschmidt, Handbook of Metalloproteins (2001)

Dioxygen reduction site of AOX:
unique trinuclear copper centre



A. Messerschmidt, Handbook of Metalloproteins (2001)

Dioxygen reduction site of AOX:
unique trinuclear copper centre

- substrate binding



A. Messerschmidt, Handbook of Metalloproteins (2001)

Ascorbic acid oxidase (AOX):
electron transport pathways



based on a lecture slide of Peter Kroneck

Combining the best of Fe and Cu:
Cytochrome c oxidase (COX), 

a redox-driven proton pump in the respiratory chain
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COX: reaction scheme, alternative substrates, active centres
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COX: structure and reaction scheme



based on a lecture slide of Peter Kroneck

COX: structure with organism-specific variations



based on a lecture slide of Peter Kroneck

COX: metal centres in bacterial COX



based on a lecture slide of Peter Kroneck

The CuA site of COX: a mixed-valence Cu2S2 rhomb
formal oxidation state: Cu1.5+, in reality 1 unpaired delocalised e- per 2 Cu
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All slides of my lectures can be downloaded 
from my workgroup homepage 

Biology Centre CAS  Institute of Plant Molecular Biology  Departments 
 Department of Plant Biophysics and Biochemistry,

or directly
http://webserver.umbr.cas.cz/~kupper/AG_Kuepper_Homepage.html


