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The brain is the most complex organ of mammals which allows both control of body functions as well as execution of complex behaviors. It consists of two major groups of cells, neurons and glial cells; and proper brain function requires the close and tightly controlled cooperation of all these cells.

Three major types of glial cells exist in the central nervous system: astrocytes, oligodendrocytes and microglial cells. Astrocytes contribute to many functions of the brain including metabolism, ion homeostasis, blood flow regulation and neurotransmitter clearance. They are active partners of neurons in information processing participating in regulation of synaptic function and plasticity. Oligodendrocytes form the myelin sheats around axons, thereby allowing rapid saltatory action potential propagation. However, recent research indicates that oligodendrocytes play a much more active role in interaction with axons and other cells than previously appreciated. Finally, microglial cells are the immune cells of the central nervous system contributing to tissue homeostasis and repair.

Research in our department focusses on several aspects including glial cell physiology, the communication and interaction of glial cells and neurons as well as the development of new technologies:

1) Brain energy metabolism

The function of the brain crucially depends on an appropriate supply of energy. Astrocytes have long been implicated in the supply of energy and blood flow regulation; however, many questions regarding mechanisms and regulation remained open so far. Especially, we are interested in how cellular signaling events regulate metabolism and how metabolic factors feedback to modulating signaling processes. We address these issues using a combination of modern imaging technologies including 2-photon imaging, fluorescent sensors for metabolites and calcium imaging. Recently, we could e.g. show that dopamine signaling regulates the NAD+/NADH redox state in astrocytes which in turn modifies Ca2+ signals (Requardt et al., 2010; 2012).
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2) Astrocyte processes: dynamics and regulation

A prerequisite for functional interactions of astrocytes and neurons is a close morphological interaction. Astrocytic processes are indeed in close contact to blood vessels, other brain cells and synapses. However, these processes are not static structures but are formed and retracted within minutes (Hirrlinger et al., 2004). We aim at understanding the mechanisms and regulation of this interaction, e.g. by time-lapse imaging of astrocytic dynamics as well as by selectively deleting cell-adhesion associated proteins in vivo (Winkler et al., 2013)
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3) Precise targeting of cell-populations using split-Cre

Conditional and cell-type specific gene targeting using the Cre-LoxP-technology has provided major advances in our knowledge of cell fate and cell-type specific gene function. However, the precision of cell targeting crucially relies on the specificity of the promoter used to drive Cre expression. To refine the resolution of Cre mediated cell targeting, we have developed the split-Cre-system which allows genetically defining cell populations by the simultaneous activity of two promoters (Hirrlinger et al., 2009). We showed that a subpopulation of astrocytes is derived from precursor cells expressing both the glial fibrillary acidic protein (GFAP)- as well as the proteolipid (PLP) protein- promoter (Hirrlinger et al., 2009). Furthermore, split-Cre allowed defining adult neural stem cells in vivo (Beckervordersandforth et al., 2010). Current projects aim at targeting highly specifically selected populations of glial cells and neurons to address the fate and function of these cells.
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Funding

Research in in our group is funded by the German Research Council (Deutsche Forschungsgemeinschaft, DFG) as well as the German Diabetes Society (DDG).
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