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We at the Institute of Biochemistry and Molecular Biology investigate 

the molecular basis of tissue and organ development during 

embryogenesis. We also wish to learn more about how different tissues 

and organs are maintained during aging and how they regenerate after 

injury. To tackle these questions, we use different model organisms 

such as Mus musculus, Xenopus laevis, Danio rerio, Drosophila 

melanogaster as well as murine embryonic stem cells. 

Different groups of the institute study heart development (Kühl, Pandur and Philipp Labs). The heart is 

the first functional organ during vertebrate development. Defects during cardiac development result in 

congenital heart diseases occurring in approximately 1% of all newborns and are estimated to be the 

cause of 10% of stillbirths and spontaneous abortions. Defects in regulatory molecules that function 

in early heart development have been linked to congenital cardiovascular malformation. Detailed 

analyses of normal heart development at the molecular level will help us to understand the pathological 

changes that occur in congenital heart diseases. Moreover, the recent identification of adult cardiac 

stem cells that can differentiate into functional cardiomyocytes opens up a new perspective in the 

long-term therapy of heart diseases and reinforces the need to understand the process of normal 

cardiac development. For similar reasons, we study pronephros development in Xenopus (Kühl lab). The 

pronephros represents the functional embryonic kidney in this species. 

Another focus of the institute is to uncover cellular and molecular mechanisms underlying the elevated 

regenerative capacity of lower vertebrates. In contrast to mammals, fish and amphibians can completely 

restore many internal organs and their appendages after injury. A detailed understanding of the 

mechanisms regulating this naturally occurring regeneration will aid the development of regenerative 
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therapies in humans. The Weidinger Lab studies heart and appendage regeneration in the zebrafish 

model. We focus on the role of extracellular signaling pathways and use systems biology approaches 

to uncover regulatory networks controlling regeneration, and study the mechanisms inducing cellular 

plasticity during regeneration. 

We also study molecular changes underlying the aging process using intestinal stem cells in 

Drosophila (Pandur lab) and hematopoetic stem cells in the mouse (Kühl lab, in cooperation with the 

group of K.L. Rudolph, Jena) as model systems. Finally, the molecular design and the regulation of the 

Wnt signaling network are analyzed by the Kühl and Weidinger labs. We use a combination of signaling 

assays in fish and frog embryos and cultured cells, biochemical approaches and mathematical 

modeling to uncover novel molecular regulators of this important signaling network. This modeling 

is performed in collaboration with H. Kestler (Ulm). For this purpose, we use quantitative models 

based on ordinary differential equations and qualitative models. For both models, hypotheses will 

be generated by computer-based simulations that can either be verified or falsified by experimental 

means in cell-based assays.
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Zebrafish can fully regenerate their hearts after in-
jury. Histological staining of heart sections at seven 
days post amputation of the apex of the ventricle 
shows fibrin-rich wound tissue in red, and resolution 
of the wound and absence of a collagen-rich scar 
which stains blue, at 30 days post amputation.

The image shows cells of the Drosophila midgut. 
Intestinal stem cells are positive for the GFP-reporter 
and the Notch ligand Delta (red).
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