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Research programme and achievements 

How does the cell form a customised waste basket when bacteria suddenly invade the 
cytoplasm, when protein aggregates accumulate, when mitochondria stop functioning and 
threaten the cell by releasing reactive oxygen species, or when nutrients become so 
scarce that the cell needs to reclaim a diverse range of cellular building blocks to maintain 
cellular homeostasis in a changing environment?  
 

Autophagy holds the answer to all these seemingly unrelated challenges. Autophagy 
initiates a striking cellular response by converting small vesicles into sheet-like structures 
which, upon localised phospholipid transfer, expand and give rise to double membrane 
vesicles. The resultant carrier, also known as an autophagosome, fuses with the 
lysosome/vacuole allowing for the degradation of its cargo and recycling of all contained 
building blocks. This ensures cellular homeostasis in an ever-changing environment and 
allows for the rapid neutralisation of potentially cytotoxic threads (such as invading 
pathogens, damaged or non-functional organelles or protein aggregates), explaining the 
many beneficial properties attributed to autophagy, and conversely, why its deregulation 
is associated with many human pathologies such as cancer, neurodegeneration, 
cardiovascular or infectious diseases.  
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Autophagy is a captivating but also very complex process which requires a multitude of 
cellular factors and different layers of regulation. The individual steps involved are difficult 
to study in the crowded environment of the cell. Therefore, we have developed a cell-free 
system to rebuild the process of autophagosome formation in the test tube, and to 
understand when, where and how each member of the core machinery contributes to 
autophagosome formation. This system can be manipulated at will, allowing us to dissect 
and visualise the different steps in order to gain insights into the molecular mechanism 
underlying autophagosome formation. The system also allows us to study the 
posttranslational regulation of autophagy by protein phosphorylation, acetylation or the 
covalent conjugation of ubiquitin and ubiquitin-like proteins.     
 

So far, we have successfully used our system to understand how the master regulator of 
autophagy, the Atg1 kinase (Ulk1/2 in higher eukaryotes), regulates key processes 
required for autophagy. Having reconstituted the core autophagy machinery we could 
screen for the direct functional consequences of Atg1 mediated protein phosphorylation. 
The findings from those in vitro studies paved the way for highly targeted in vivo studies 
(using budding yeast as a well established model system) providing a wealth of insights 
into the complex regulatory principles underlying both bulk and selective autophagy.   
 
Our findings show that Atg1 dependent phosphorylation of its interaction partner Atg13 
triggers Atg1 complex disassembly resulting in rapid turnover of Atg1 based complexes at 
the site of autophagosome formation. As the Atg1 complex is the key factor mediating 
vesicle tethering our work provides new clues into the mechanism and dynamic nature of 
membrane formation. Additionally, our system helps us understand the regulation of Atg1 
kinase activity by revealing that Atg1 is activated along the growing autophagosomal 
membrane by lipidated Atg8 (Atg8-PE) locally stimulating substrate phosphorylation. 
Resultant Atg1 recruitment further self-regulates Atg8-PE levels in the growing 
autophagosomal membrane by phosphorylating and inhibiting the Atg8 specific lipidation 
machinery. Taken together, our work uncovers positive and negative feedback imposed 
by the Atg1 kinase, the underlying molecular mechanism and how opposing 
phosphorylation and dephosphorylation events underpin the spatiotemporal regulation of 
autophagy. Our findings significantly change the thinking in the field, establishing Atg1 not 
only as an activator of autophagy but also a potent inhibitor suppressing some of the key 
processes required for autophagosome formation. This highlights the importance of 
protein phosphatases as drivers of autophagy.   
 

To study the process of autophagosomal membrane formation, my lab will use our cell-free 
system to understand the structural and mechanistic basis of vesicle tethering and fusion 
– the very first steps during autophagosome formation. We will employ biophysical 
approaches including single-molecule fluorescence resonance energy transfer (FRET)-
based vesicle fusion assays to identify the machinery required for vesicle tethering and 
fusion. In parallel, we will use biochemical and cell biology approaches to better understand 
how posttranslational modifications regulate membrane formation. Functional membrane 
tethering and fusion intermediates will be analysed by cryo-electron microscopy and single 
particle analysis or by tomography-based approaches. High resolution structures of vesicle 
tethering and fusion intermediates will significantly advance our knowledge of autophagy, 
guiding future efforts to identify novel strategies for therapeutic intervention.  
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As part of my postdoctoral research I also participated in a collaborative study which 
aimed to shed light on the degradation of parts of the endoplasmic reticulum by selective 
autophagy (ER-phagy). The work illustrates the applicability of our recombinant autophagy 
system not only for the study of bulk autophagy but also for the investigation of selective 
autophagy pathways, providing the basis for our efforts to better understand autophagy 
initiation during the selective uptake of mitochondria, bacteria and protein aggregates.  
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