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Research Abstract
The brain is nowadays the object of a number of extensive systematic studies that focus on 
seemingly all aspects of its morphology and function, from overall brain architecture to neuronal 
connections, neuronal morphology and gene expression. However, at least one basic aspect is 
as yet incompletely studied: the molecular anatomy of the neuron, i.e., the copy numbers and 
the spatial arrangement of molecules within the neuronal cell. This cannot be addressed by 
gene expression or proteomics approaches, as they do not have sufficient spatial precision. 
Electron microscopy, ideal for unraveling the neuronal morphology, does not have sufficient 
protein labeling efficiency. My project aims to fill this gap by a combination of super-resolution 
fluorescence microscopy, advanced fluorescence labelling techniques and advanced 
biochemistry tools such as quantitative mass spectometry. My objectives are fourfold: 1) to 
determine the molecular organization of at least 200 major neuronal proteins: their exact copy 
numbers and their position within the cell determined with nanoscale precision; 2) to generate a 
bank of biochemistry and microscopy sample preparations that will be available world-wide for 



the characterization of 1000-2000 additional proteins; 3) to integrate results into an in silico 
neuronal model that can be used for modelling functional neuronal parameters; 4) to use this 
technology to determine the changes in neuronal anatomy caused by neurodegeneration in 
Alzheimer’s and Parkinson’s Diseases. My group has already performed key preliminary work 
towards these aims. Our preliminary work focused on the synapse, where we ascertained copy 
numbers and positions for proteins adding up to more than 50% of the synapse’s protein mass 
(see figure). We are thus ready to embark on this large-scale, risk-taking project. We are 
confident that the in silico neuron and the preparation bank we will create will represent key new 
resources for future studies in neurobiology.
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