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Introduction 

 

By being the outermost boundary of the cell, the plasma membrane is deeply involved in the 

sensing and transmission of signals from the environment towards the cellular interior. Lipid 

rafts are creating a great degree of membrane heterogeneity and by this they are allowing a 

higher level of compartmentalization to happen in the plasma membrane. This heterogeneity has 

a great significance in signaling processes at the membrane level, as the compartmentalized 

nature allows the lipid rafts to act like sorting platforms for signal transduction proteins. Many 

proteins assembled in lipid rafts are involved in a wide range of signaling processes ranging from 

stress sensing, cell survival, growth signaling to adhesion and migration. An important defining 

nature of these platforms is that they are highly dynamic and capable of rapid changes. It means 

that these sorting structures of the membrane can react to rapid changes in the environment in a 

very short time and can re-establish their basal state after the loss of the signal in the same rapid 

way thus allowing a precise regulation over cellular signaling and a prone and timely response to 

environmental signals. Our work concentrates on two aspects of the membrane raft regulated 

cellular signaling. 

 

The first part of the thesis is concentrating on aspects of the phenomena of the membrane sensor 

model aiming to understand the reaction of a cell to membrane structural changes by introducing 

artificial membrane fluidizing agents and analyzing the expression and function of the stress 

proteins induced by the procedure. In the long term these set of experiments are looking for the 

answer to the question: how can a cell maintain its membrane integrity under challenging 

conditions? 

 

The second part of the thesis is examining a clinically relevant protein associated with cancer 

progression. The underlying work is wishing to analyze the mechanism of action of this oncogene 

in the context of its membrane association with a further aim to delineate and define its precise 

signaling mechanism which could be relevant in describing its function as a cancer promoting 

factor and for designing future therapies against it. 

  



Aims of the Thesis 

 

The work detailed in this thesis is concentrating on revealing cellular phenomenas within the 

context of their plasma membrane association. The main goal of the thesis was to characterize 

physiologically and pathologically relevant events at the level of the plasma membrane and couple 

these to the regulatory role of detergent resistant plasma membrane microdomains. In order to gain 

a deeper understanding on how the plasma membrane works in times of stress and disease. The 

questions addressed are as follows. 

 

 On the level of membrane regulated stress signaling and adaptation: 

 

o What is the extent of protein expression of the small heat shock protein HSP25 

upon artificial membrane fluidization in mammalian cells? 

o Does the presence of this HSP affects the survival of cells under stress conditions? 

o Is the HSP25 associates with the plasma membrane or affects the structure of the 

membrane in order to maintain membrane homeostasis? 

 

 On the level of membrane associated oncogenesis: 

 

o In which extent does the oncogenic PRL3 protein is being expressed in melanoma 

cells and if there is any factor associated with its expression? 

o Does the expression of the PRL3 protein affects the tumorigenic properties of 

melanoma cells? 

o Does the PRL3 protein associates with any specific regions of the plasma 

membrane? 

o Is there a sub-membrane specific proteome that is affected by the PRL3 which can 

lead to oncogenesis? 

  



Materials and methods 

 

Cell culture and treatments 

Transfection, clone selection and stable expression 

Western blot analysis 

Immunoprecipitation 

Rac1-GTP pull-down assay 

Soft agar assay 

Tumor growth assay 

Plasma membrane isolation 

Detergent-free purification of caveolin enriched membrane fractions 

Confocal microscopy 

Imaging of di-4-ANNEPDHQ and calculation of General Polarization (GP) 

Preparation of plasma membrane sheets 

Domain size analysis of sphingomyelin rich microdomains 

Electron microscopy 

 

 

 

 

 

 



Summary of findings 

The findings obtained during the current thesis work are summarized as follows: 

 On the level of membrane regulated stress signaling and adaptation: 

o By applying the artificial membrane fluidizer benzyl alcohol, we observed an 

elevated expression of HSP25 at the first time at the protein level. 

o Our investigations has led to the discovery of a so far unknown feature of HSP25, 

which was materializing in its effect to balance the effect of forced membrane 

fluidization by acting as a membrane buffering agent. 

o The effect of HSP25 on the membrane was shown to represent itself in the 

promotion of membrane domain clustering as the smaller domains were converted 

into larger ones purely upon the expression of HSP25. This effect was further 

substantiated by our fluorescent correlation spectroscopy measurements where the 

elevated confinement values were pointing towards a more compartmentalized 

membrane structure upon HSP25 expression. 

 

 On the level of membrane associated oncogenesis: 

o Here we identified PRL3 as a protein upregulated in a time and dose dependent 

manner upon treatment with several clinically relevant anti-tumor therapeutics. 

o Our experiments were able to successfully connect the presence of PRL3 with a 

distinct phenotype that could further tumor progression by affecting tumor growth. 

o PRL3 was shown to be affect the structure of the membrane and being associated 

with the caveolae type lipid raft structures of the plasma membrane 

o PRL3 was further associated with the caveolae proteome as it has been detected to 

dephosphorylate integrin beta 1 at its Thr788/789 site. 

o PRL3 expression was also associated with increased plasma membrane targeting to 

the caveolae region and subsequent activation of Rac1. 

o Rac1 was affiliated with the activation of the following signaling pathway: Rac1-

GTP/PAK1/AKT/GSK3β which lead to the nuclear accumulation of the cyclin D1 

molecule. 
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