
Towards a molecular understanding of the transport and 

regulation of heavy metal transporting P-type ATPases. 

Abstract     

Heavy metals such as zinc, copper and cobalt have dual biological roles, being both 

essential micronutrients needed for many aspect of the cell metabolism, and toxic at 

excess levels. P-type ATPases of the subgroup 1B (P1B-ATPases) contribute to metal 

homeostasis in all kingdoms of life, from bacteria to humans, and often several copies 

of such transporters are present in each genome. For instance, the human 

copper-transporting P1B-ATPases ATP7A and ATP7B are pivotal for copper 

metabolism, and mutations of these proteins are directly linked to the severe Menkes’ 

and Wilson’s diseases, respectively.  

P1B-ATPases are distinct from other P-type ATPases, having the widest scope of 

transported ions and a collection of additional domains, called metal-binding domains 

(MBDs). Such domains vary in type and location, and can be present from none to six 

repetitions. Yet, the biological role of these domains remains elusive, including how it 

is carried out. Moreover, P1B-ATPases represent the largest group of P-type ATPases, 

but the structural information is limited to a few high-resolution structures in metal-free 

states, leaving many open questions regarding metal uptake, selectivity and binding 

to the transmembrane domain. 

The present thesis includes isolation and exploitation of nanobodies against a 

zinc-transporting P1B-ATPase with the aim of providing a tool for studying in more 

detail the transport cycle and to promote structural studies. Moreover, here it is 

reported the purification, characterization and crystallization of a homologous 

P1B-ATPase, a promising target that yields crystals diffracting to 3.6 Å and that 

presents two N-terminal MBDs. Here, we demonstrate that removing the MBD affects 

zinc transport but not cadmium, hinting at a role in regulating the rate of transport of 

specific cargo. Lastly, in this thesis is presented the first high-resolution structures of 

a related but different subclass of P1B-ATPases in the metal bound state, revealing 

that ion uptake is achieved through an electronegative surface, and via a bridging 

aspartate, and that the conserved SPC motif plays a role at a later stage, likely during 

metal-occlusion. 


