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Summary 

Aquaporins (AQPs) are expressed in all living organisms, are known to be regulated by a wide array 

of mechanisms, and are linked to a plethora of physiological functions and pathologies. The protein 

family comprises 13 human members, subdivided into orthodox, aquaglyceroporin and unorthodox 

classes. Despite long-lasting efforts, no structural information has been obtained for the human 

subclasses of aquaglyceroporins or unorthodox AQPs, obstructing understanding of molecular 

determinants orchestrating their regulation. The focus of this PhD dissertation was to elucidate novel 

structural and functional insights of AQPs, by mapping the structures of previously not structurally 

determined AQP subclasses and provide a molecular basis for their regulation.  

In this thesis, a robust protein overproduction platform able to deliver active human AQPs in the 

quantities required for biophysical characterization is described. We proceeded with structural 

investigations of aquaglyceroporin and unorthodox AQPs. We present the first structure of the human 

aquaglyceroporin AQP10. Although all four aquaglyceroporin members are expressed in adipocytes, 

AQP10 has previously been suggested to be responsible for half of the total glycerol efflux, rendering 

the protein an interesting target for understanding glycerol metabolism. The structure displays the 

classical AQP topology, reveals an unusually wide selectivity filter, and a unique cytoplasmic gate 

controlling glycerol flux. In vitro and in vivo functional characterization disclose a glycerol-specific 

pH-gating and pinpoint His80 as a pH sensor and molecular dynamics simulations indicate how the 

gate is opened at low pH. These findings demonstrate a novel type of AQP regulation important for 

controlling glycerol flux in human adipocytes and intestines. Hence, targeting the novel gate to 

achieve constitutive glycerol release may represent novel approach to treat obesity and related 

metabolic diseases. Moreover, structural determination of the human aquaammoniaporin AQP8 was 

attempted. Human AQP8 is located in the colon and is capable of facilitating ammonia flux. Despite 

extensive efforts, AQP8 was refractory to crystallization. Therefore, cryo-electron microscopy-based 

characterization upon reconstitution into nanodiscs was exploited and promising initial results 

towards the first structure of a human unorthodox AQP are shown. Furthermore, this thesis includes 

investigation of the AQP0 regulation by calmodulin (CaM). AQP0 is the most abundant AQP member 

in the human eye lens, suggested to form stabilizing AQP0-AQP0 junctions and to maintain water 

homeostasis. Using a proteoliposome-based system, CaM was found to inhibit AQP0 in a calcium-

dependent manner, with the effect being abolished upon phosphorylation of C-terminal residues. 

Conversely, zinc ions were demonstrated to upregulate AQP0 permeability through modulation of 

the AQP0-CaM interaction. In summary, this thesis broadens the understanding of structure, function 

and tissue-specific regulation of human AQPs in health and disease. 


