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Abstract 

Plasma membrane repair is a fundamental cellular process enabling cells to survive in environments 

of mechanical or chemical stress. Advances in the field of plasma membrane repair research in 

mammalian cells have revealed a clinically relevant role for membrane repair in muscular dystrophies 

and cancer metastasis. Our group has, for example, previously demonstrated the connection between 

efficient plasma membrane repair and invasive potential in metastatic breast cancer cells.  

The presented PhD project aims to identify processes and proteins involved in plasma membrane 

repair by analyzing changes in mRNA expression after injury and additionally by characterizing the 

plasma membrane repair proteome. RNAseq analysis of changes in mRNA levels demonstrated an 

injury-induced regulation of several stress-related genes, among them were many that are also known 

to regulate the process of autophagy. Hereupon, we studied LC3, a widely used marker for autophagy, 

in response to laser-induced plasma membrane injury with live cell imaging. Interestingly, we detected 

formation of LC3-positive vesicles that was spatially restricted to the repair site and occurred after 

completion of the initial repair response. Using siRNA-mediated protein knockdown, we demonstrated 

that LC3-vesicle formation was dependent on ATG7 and Rubicon, but not on ULK1 protein expression. 

Additionally, we observed formation of big vesicular structures (Ø 1-2 µm) that were surrounded by 

the endosomal marker RAB5, the phagosomal marker RAB35 and actin. Formation of actin- as well as 

LC3-positive vesicles was abolished by treatment with the inhibitor of endocytosis dynasore.  Since we 

see both induction of macroendocytic events as well as recruitment of LC3 in a Rubicon-dependent 

manner, we propose that plasma membrane injury triggers a form of LC3-associated phagocytosis. 

Potentially this serves to restructure the plasma membrane after the tremendous changes that occur 

during injury and initial repair.    

In a second approach, we set out to label the plasma membrane repair proteome in living cells followed 

by mass spectrometric analysis. For this purpose, the plasma membrane repair protein annexin A2 

(ANXA2) was tagged with APEX2, an engineered peroxidase and ANXA2-proximal proteins were 

biotinylated after digitonin-induced plasma membrane injury. A preliminary analysis of the obtained 

dataset demonstrated the validity of the approach, since several known plasma membrane repair 

proteins were identified. Additional detected proteins are therefore promising research targets for our 

long-term aim to unravel the molecular composition of the plasma membrane repair machinery. The 

data presented in this thesis adds to our understanding of the cellular reaction towards plasma 

membrane injury, both regarding the initial repair machinery and the restructuring processes that are 

triggered after an initial repair response. 

 


