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Research focus 
• Transcriptional programs in the regulation of 

adult neurogenesis 
• Metabolic control of stem cell development 

and adult neurogenesis 
• Role of autophagy in stem cell function and 

adult neurogenesis 
• Functional characterization of intellectual dis-

ability factors 

Structure of the Professorship 
 
Professorship: 1 
Personnel: 7 
• Scientists: 3 (there of funded externally: 1) 
• Graduate students: 4 

Special structural feature 
The Institute of Biochemistry comprises the 
Chair of Biochemistry and Molecular Medicine 
and the Chair of Biochemistry and Pathobio-
chemistry, as well as the professorships of Bioin-
formatics and of Molecular Medicine with focus 
on Molecular Imaging. 

Research 
 
Neurons and glia cells form functional networks 
that are the structural basis for learning, cogni-
tion, and behavior. Perturbation of the forma-
tion, maturation, and plasticity of neural circuits 
contributes to the pathogenesis of neurodevel-
opmental disorders, such as intellectual disabil-
ity and neuropsychiatric diseases, like 
schizophrenia. Our research aims to better un-
derstand the genetic and cell biological mech-
anisms that regulate development and home-
ostasis of neuronal networks. 

Transcriptional programs in the  
regulation of adult neurogenesis 
The discovery of adult neurogenesis, i.e. the life-
long generation of new hippocampal and olfac-

tory bulb neurons from stem cells, has added a 
new layer of complexity to our understanding 
of the mechanisms underlying plasticity and re-
generation in the mammalian central nervous 
system. There is now strong evidence that adult 
neurogenesis significantly contributes to hip-
pocampus-dependent learning and memory 
processes as well as to the pathophysiology of 
cognitive and affective symptoms during aging 
and in neurodegenerative and neuropsychiatric 
diseases. Thus, understanding of the mecha-
nisms regulating adult neurogenesis is of major 
basic neuroscientific and clinical interest. The 
generation of new functional neurons from 
stem cells is a complex multistep process. Cur-
rent data indicate that each developmental step 
is controlled by stage-specific transcription fac-
tors. In collaboration with the research group of 
Prof. Dr. M. Wegner, we discovered the SoxC 
group transcription factors SOX4 and SOX11 as 
key regulators of neuronal fate determination of 
adult neural stem cells. Intriguingly, our new 
data indicate that SoxC proteins fulfill additional 
critical functions in the synaptic integration of 
adult-born neurons. Moreover, we recently 
demonstrated that posttranslational modifica-
tion by phosphorylation controls the neurode-
velopmental function of SOX11. Collectively 
our data uncover SOXC factors as pleiotropic 
regulators of adult hippocampal neurogenesis. 
Funding: DFG 

Metabolic control of stem cell  
development and adult neurogenesis  
In contrast to adult neural stem cells, neurons are 
postmitotic, have a highly complex morphology, 
and communicate with each other via high-en-
ergy consuming mechanisms. It is assumed that 
the generation of a functional neuron from a 
stem cell is accompanied by profound changes 
in cellular metabolism. We now found that spe-
cific mitochondrial metabolic pathways control 
distinct steps in neuronal development. Thus, we 
demonstrated that the generation of highly pro-
liferative precursor cells from stem cells is criti-
cally dependent on electron transport chain 
function and oxidative phosphorylation. Interest-
ingly, we found that inhibition of these metabolic 
pathways reproduced multiple hallmarks of 
aging in hippocampal neurogenesis, whereas 
pharmacological enhancement of mitochondrial 
function ameliorates age-associated neurogene-
sis defects. Together with the finding of age-as-
sociated alterations in mitochondrial function 
and morphology in neural stem cells, our data 
suggest mitochondrial function as a potential tar-
get to ameliorate neurogenesis-defects in the 
ageing hippocampus. 

Role of autophagy in stem cell  
function and adult neurogenesis 
Degradation and recycling of dysfunctional cel-
lular components are critical pathways for cel-
lular homeostasis. In particular, somatic stem 
cells are highly dependent on degradation and 
recycling pathways to maintain their lifelong ca-
pacity for regeneration. We now demonstrated 
that the longevity associated transcription fac-
tors of the FoxO family are critical to regulate 
autophagy, i.e., a central pathway for proteins 
and organelles, in adult neural stem cells. Loss 
of FoxOs does not only impair activity of the au-
tophagic pathway, but is associated with stem 
cell dysfunction and impaired integration of 
adult-born neurons. In ongoing projects we are 
now investigating if and how FoxO dysfunction 
may contribute to neural stem cell and neuro-
genesis dysfunction during aging. This project 
is conducted in close collaboration with Prof. J. 
Klucken (Division of Molecular Neurology). 
Funding: IZKF Erlangen   
 
 
 
 
 
 
 
 
 

 
Analysis of autophagolysosomal flux using a genetic re-
porter system indicates impaired autophagolysomal flux 
in adult neural stem cells upon deletion of FoxO transcrip-
tion factors.  
Control cells contain both autophagosomes (red and 
green, yellow in the merge) and autophagolysosomes (red 
only). Note the almost complete absence of au-
tophagolysosomes in FoxO-deficient cells. Treatment with 
Rapamycin or Trehalose enhances autophagolysomal flux 
in FoxO-deficient cells.  

Functional characterization of  
intellectual disability factors 
Sox11 mutations were recently identified in a 
subset of patients suffering from Coffin-Siris 
Syndrome, a developmental disorder associated 
with intellectual disability. Proteomic analysis of 
the SOX11 interactome and of SOX11 target 
genes revealed that SOX11 interacts with a 
number of intellectual disability-related tran-
scription factors and regulates the expression of 
intellectual disability (ID) genes. These data sug-
gest that a subset of ID causing genes is con-
nected via a SOX11-dependent transcriptional 
network and that perturbation of this network 
contributes to the pathophysiology of intellec-
tual disability. Using human pluripotent stem 
cells to model human neurodevelopment, we 
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are now investigating how SOX11 drives CNS 
development in conjunction with intellectual 
disability-related transcription to understand the 
function of the SOX11-transcriptional network 
in the pathogenesis of intellectual disability. This 
project is conducted in close collaboration with 
Prof. Dr. B. Winner (Division of Stem Cell Biol-
ogy) and Prof. Dr. A. Reis (Institute of Human 
Genetics). 
Funding: DFG 

Teaching 
 
The Professorship of Molecular Medicine with 
focus on Molecular Imaging contributes to the 
teaching curriculum of Medicine and Dentistry 
by offering obligatory and elective courses. It 
provides interdisciplinary training for students 
of the master degree program Molecular 
Medicine that is performed together with the 
departments of Psychiatry and Psychotherapy 
and of Nuclear Medicine, the Institute of Radi-
ology, and the Division of Molecular Neurology. 
Aim is to theoretically and practically teach the 
students state-of-the-art technologies of molec-
ular imaging. 
Bachelor and master students as well as medical 
and scientific graduate students are supervised 
in our group to successfully finish their thesis 
projects. 
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