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Abstract
Aquaporins are specialised membrane proteins, which regulate the water homeostasis of cells. In
eukaryotic organisms, this process is tightly regulated, and aberrations in aquaporin functionality lead
to severe pathologies in humans. The aim of this thesis is to shed light on the aquaporin function and
regulation, both as individual protein targets and in the cellular context, as well as exploring various
applications for human aquaporin 4, specifically. A wide range of biochemical methods have been
applied, ranging from the importance of robust protein production methods, for targets as well as for
their complexes, to functional and structural characterization.
For biochemical characterization and structural analysis, large amounts of pure, homogeneous and
stable recombinant protein are needed. The methylotrophic yeast Pichia pastoris was utilized for the
overproduction of the soluble protein Sirtuin2, an indirect up-regulator of Aquaporin4 in humans. The
highest yet-reported yield of the protein (40 mg/l) was achieved, facilitating modulation trials of the
potential drug target. The P. pastoris overproduction system was also employed for the expression of
human AQP4, facilitating new research applications, such as improved Neuromyelitis Optica
diagnosis, and a better understanding of the intermolecular binding between the monomeric subunits.
In addition, the novel structural characteristics of AQP1 from the fish Anabas testudineus were
studied in this thesis and key residues responsible for the molecular mechanisms for osmoregulation
were identified by mutational analysis combined with functional studies. By combining stopped-flow
assays and molecular dynamics simulations, a novel extracellular gating mechanism could be
elucidated for this particular aquaporin isoform, being less efficient in water transport than AQP4 and
phosphorylation of Tyrosine 107 leads to a closed conformation involving loop C.
Functional studies were also performed for the development of a new method for testing the transport
specificity of aquaporins regarding hydrogen peroxide. The transport rate can be standardized in
relation to protein quantity, resulting in a more accurate determination of transport rates as compared
to cell growth assays.
Interactions between proteins are difficult to evaluate, but using bimolecular fluorescence complementation, membrane protein complexes could be quantified and screened in vivo in a highthroughput manner. During the course of this work, we standardized sample preparation and defined
criteria which allow the discrimination between constructive and random interactions. Taken together,
the results presented in this thesis lay the fundament for future screening for novel interaction partner
using a cDNA library, a method that is not limited to aquaporins.
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