
Abstract

Zn(II) and Cu(I)/Cu(II) ions arę essential for the proper functioning of organisms. However,

both excessively Iow and excessively high concentrations arę toxic and can lead to pathological
conditions. Therefore, maintaining the homeostasis of these crucial metal ions involves

a number ofclosely cooperating proteins, forming a complex machinery. The Ievels ofZn(II)

and Cu(I)/Cu(II) ions arę regulated by proteins dedicated to these ions, and the linking element
between both transport pathways appears to be metallothioneins, which have been isolated as

mixed complexes containing Cu(I) and Zn(II) ions. Metallothioneins (MT) arę smali proteins

that, due to their high cysteine residue content (-30%), constitute an ideał ligand for metal ions,

which arę soft and intermediate acids, such as Cu(I), Zn(II), or Cd(II). Therefore, their main

functions arę the detoxification of organisms from heavy metal ions and acting as a reseryoir

and buffer for metal ions. These latter two functions have been well understood for Zn(II) ions,

thanks to studies of the biophysical and biochemical properties of zinc metallothionein

complexes. However, knowledge ofthe interactions ofthese proteins with Cu(I)/Cu(II) ions is

still limited. This study attempts to characterize copper (Cu(I)xMT) and mixed (Cu(I)xZnyMT)

complexes in tenns oftheir geometry, preferential formation, and stability. These studies were

conducted for two isoforms: MT2 and MT3, which, according to current knowledge, dififer the

most. While MT2 exhibits the greatest affinity for Zn(II) ions, MT3 forms the strongest
complexes with Cu(I) ions.

The use of spectroscopic techniques enabled to determine the capacity of

metallothioneins to bind Cu(I) ions, both in reduced complexes fonned intracellularly and

oxidized complexes formed extracellularly. Additionally, we identified complex forms that can

preferentially form at varying Cu(I)/Cu(II) ion concentrations. Determining the affmities of

Cu(I) ions in reduced and oxidized complexes allowed to understand the function of these

proteins in maintaining copper homeostasis. By performing analogous experiments in mixed

complexes, we determined the efFect of Zn(II) ions on Kdcum values. To detennine whether

copper-zinc MTs can still function as a zinc buffer, the effect ofCu(I) ions on Zn(II) ion binding
was also analyzed. Additionally, experiments on isolated MT3 domains identified the crucial

role of the KKS linker and noncovalent interdomain interactions in the stoichiometry and

aflTinities of metallothionein complexes. Mass spectrometry further characterized the

Cu(I)4Zn4MT3ox complex, isolated from mammalian brains. The use of alkylating modifiers

and top-down approach allowed us to map the Cu(I) and Zn(II) ions in this complex and

determine the location ofdisulfide bridges, providing insight into the structure ofthese forms.


