
COPPER-CONTAINING PROTEINS



Types of copper centers in proteins

Function: 

reversible electron transfer

Function: 

oxygen activation

Function: 

oxygen uptake
imidazole





Type 1 Pseudo tetrahedron



The blue-copper proteins

Plastocyanin

Azurin

Ascorbate oxidase

Laccase

Electron transfer Cu+ Cu++ + e

“Blue” oxidase  O2 H2O















Ascorbate Oxidase







“Non-blue”* oxidase O2 H2O2

Presence of one type 2 center

* without type 1 center

Type 1  O2



Oxygen transport and oxygenation

“HEMOCYANIN”

Type 2 center

Type 3 center

deoxyhemocyanin

oxyhemocyanin



Monooxygenase (introduction of oxygen into substrates)

“TYROSINASE”

Ortho-hydroxylation of phenols and 

subsequent oxidation to ortho-quinones in 

skin, fruit etc.



TYROSINASE CYCLE

Attacco elettrofilo e formazione

catecolo



superoxide peroxidemolecular

oxygen



Antioxidant function

“SUPEROXIDE DISMUTASE (SOD)”

The cavity of O2

.
conversion in SOD

Imidazole

imidazolate

catalase

Threonine



SOD CYCLE





 

SOD-like model systems

cyclodextrin 

cavity

Native Enzime
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Bio-Substrates

Oxidation• Superoxide radical, O2 
●

• Hydroxyl radicals, OH●

• Peroxyl radicals, ROO●

• Hydroperoxyl radicals, HO2
●

• Carbanions, RCH2
-

• Carbocation, RCH2
+

Antioxidant Systems Based on Copper(II)

Reactive Harmful

Species

Irreversible Biological

Damage

Copper (II) and its Complexes with Bio-functional Ligands

as Antioxidant Systems

• bio-compatibility

• suitable redox potentials



L + O2                   LOO

LOO + LH                             LOOH + L

LOO + LOO                    non-radical products

initiation

termination

propagation

A little bit more on the antioxidant activity of copper

The chain of lipid peroxidation

LOO

Cu(I)

H+

Propagation LOOH

Cu(II)

New termination route

via redox quenching of 

“lipoperoxyl-radicals”

Lipids (LH)

ROO + LH                             ROOH + L

Lipid radical

Lipid peroxyl radical

ROO
.


