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Rapidly spreading antimicrobial resistance is a serious problem and a global threat to the 

modern society. Treatment of bacterial and fungal infections with drugs that have been effective so 

far turns out to be impossible in many cases. To design a highly specific antifungal drug, it is necessary 

to understand the difference in human and fungal metabolism. One of the main differences is based 

on the mechanism of Zn(II) uptake. Maintaining the correct concentration of Zn(II) is necessary for the 

proper functioning of all cells. In order to maintain the proper homeostasis of metal ions, organisms 

have developed a number of different mechanisms. The relationship between metal ion homeostasis 

and nutritional immunity seems to be a promising starting point. In response to infections occurring in 

the host cell, defense strategies are used such as lowering the concentration of free metal, which 

allows limiting its access to pathogen cells. Bacteria and fungi have developed mechanisms that enable 

them to absorb them from the host's environment, like production of proteins with a high affinity for 

metal ions. 

The main goal of this doctoral dissertation was to understand the bioinorganic chemistry of 

Zn(II) and Ni(II) complexes with selected unstructured fragments of zincophores and Zn(II) transporters 

present in the organisms of fungi and bacteria. In my work, I focused on fragments of proteins involved 

in Zn(II) transport: (i) zincophore Aspf2 and (ii) ZrfC transporter from Aspergillus fumigatus, (iii) ZnuA 

and (iv) AztC from Paracoccus denitrificans and (v) AdcA from Streptococcus mutans. All tested ligands 

met three criteria: (i) they are located in unstructured fragments of proteins, (ii) they have amino acid 

residues that are able to bind the analyzed metal ions, and (iii) they are located in evolutionarily 

conserved places. In my work, in order to have a better understanding of the preferred metal sites, I 

also focused on two model sequences: Ac-ACHA-NH2 and Ac-AHCA-NH2. To carry out the 

physicochemical and thermodynamic characterization of the studied unstructured protein fragments 

involved in Zn(II) transport and their complexes, I used a number of complementary experimental 

methods: mass spectrometry, potentiometric titration, UV-Vis, CD and NMR spectroscopy. I carried 

out parts of the work under the supervision of prof. Maurizio Remelli at the University of Ferrara. 

For all the studied systems, I determined the most probable coordination sites for Zn(II) and 

Ni(II) ions. I characterized the donor atoms involved in their coordination depending on the pH value 

of the tested solution and deciphered the geometry of the resulting Ni(II) complexes. Among the 

analyzed fragments, I determined the ligands that have the highest affinity for the analyzed metal ions, 

and the comparison of the thermodynamic stability of all unstructured fragments of the analyzed 

proteins allowed me to determine the most effective coordination modes. For Zn(II) these are the (i) 

{2Nim, 2S-} and (ii) {4Nim} coordination modes, the second one with a polymorphic motif. While for 

Ni(II), the most effective binding modes turned out to be: (i) the {6Nim} and (ii) the {2Nim, 2S-} type of 

coordination. Additionally, basing on the precisely calculated stability constants, I showed that the 

transport of Zn(II) from the zincophore Aspf2 to the ZrfC transporter present in Aspergillus fumigatus 

is possible. This result is particularly interesting because it makes a huge contribution to understanding 

the bioinorganic chemistry of Zn(II) transport in pathogens. 

In the future, my findings may serve as a starting point for designing new, highly selective 

antibacterial and antifungal drugs based on STAMP technology. The indicated protein fragments with 

the highest affinity for Zn(II) are excellent examples of targeting domains that, connected with a drug 

substance by a flexible linker, ensure selective accumulation of the drug molecule near the pathogen. 


