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This project aims to develop new experimental methods and theoretical concepts for systems 
biology study of metabolism associated with compartmentation in eukaryotic cells. The focus of 
the scientific question is on expanding our knowledge of in vivo dynamics of key metabolic 
reactions in the conjunction of glycolysis and tricarboxylic acid cycle which take place in both 
cytosol and mitochondria. Specifically, the following new experimental methods and technologies 
are developed to overcome the obstacle of compartmentation: (1) An automated fast-sampling 
and quenching apparatus for quantitatively measuring metabolites in the cytosol and mitochondria 
under in vivo and dynamic conditions; (2) Novel microdevices for targeted disruption of cell 
membrane and for fast separation of organelles; (3) Cutting-edge optic methods for 
spatiotemporal studies of organelles and enzymes; (4) Advanced methods of in-vivo 13C labelling 
flux analysis to distinguish compartmental events. On the theoretical site, new concepts and 
models are to be developed for: (1) in vivo kinetics for key enzymes of mitochondria metabolism; 
(2) Simulation of cells and organelles as particles in micro-fluidics; (3) Molecular modelling of 
proteins and interfacial processes; (4) Modelling of steady-state and dynamics of isotopomer 
network for estimation of compartmental concentrations and fluxes. The new technologies and 
modelling approaches will be developed hand in hand and applied in an integrated way to address 
as an example of compartmentation the metabolism of pyruvate and tricarboxylic acid cycle, a key 
question in biology with high impacts for both biotechnology and biomedicine. 
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