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It is widely believed that rapid and reversible DNA methylation is essential for the stability of 
long-term memory, but still very little is known how synaptic signals can induce changes in 
DNA-methylation (Bayraktar & Kreutz, 2017). On the other hand, DNA-hypomethylation is a 
hallmark of neuronal aging and it appears that age-associated site-specific (de-) methylation 
can indistinguishably disrupt gene expression profiles and lead to the deterioration of 
synaptic functions (Bayraktar & Kreutz, 2017). DNMT3A1 is the principal de novo DNA 
methyltransferase in brain and one of the key epigenetic factors in the context of learning 
and memory. In fact, we recently found that nuclear DNMT3A1 protein levels in CA1 neurons 
are reduced following the induction of NMDAR-dependent LTP and following novel location 
learning. Of note, protein levels of DNMT3A1 are down-regulated in the senescent brain 
providing a potential molecular entry site to tackle aging-related cognitive decline.  
We have now shown that synaptic signals control DNMT3A1 activity and subsequently 
dissected the intracellular pathway.  
Hypothesis: We postulate that DNMT3A.1 is highly susceptible to activity-dependent 
degradation in aging and that this contributes to lower DNMT3A.1 levels as well DNA-
hypomethylation in the aged brain. DNA-hypomethylation results in altered expression of 
proteins like BDNF and Calneuron-1 that impact on synaptic function. We define the Aims:  
1. To investigate whether we can normalize DNMT3A.1 levels in the aging brain by blocking 

neddylation and how this affects cognitive behavior in mice.  
2. To study pars pro toto whether neddylation has impact on DNA-methylation of the Caln1 

promoter, whether Calneuron-1 expression can be reduced to normal levels by targeting 
the promoter with corresponding gRNA coupled to DNMt3A1 and whether this restores 
synaptic plasticity. 

 
 
 
 

 
 
 
 
 

 
 
 
 

Synaptic signaling pathways 
controlling DNA-methylation. 
	  



Collaborations: TP1 Dieterich (Aging in a dish, BONCAT/FUNCAT), TP10 Stork (behavioral 
experimentation), TP6 Dityatev (In vivo electrophysiology). External: Robert Ahrends/Albert 
Sickmann (ISAS Dortmund - Multiomics), Andre Fischer (DZNE Göttingen - transcriptome 
and methylome analysis). 
 
References:  
Bayraktar, G., Kreutz, M. R. (2017) Neuronal DNA Methyltransferases: Epigenetic Mediators 

between Synaptic Activity and Gene Expression? The Neuroscientist, 073858417707457. 
Roussoset al. (2016) The Relationship of Common Risk Variants and Polygenic Risk for 

Schizophrenia to Sensorimotor Gating. Biol Psychiatry, 79(12), 988-96. 
Engmann et al. (2017) Cocaine-Induced Chromatin Modifications Associate With Increased 

Expression and Three-Dimensional Looping of Auts2. Biol Psychiatry, pii: S0006-3223(17), 
31517-2. 

Hradsky, J., Raghuram, V., Reddy, P. P., Navarro, G., Hupe, M., Casado, V., McCormick, P. 
J., Sharma, Y., Kreutz, M. R.*, Mikhaylova, M*. (2011) Post-translational membrane 
insertion of tail-anchored transmembrane EF-hand Ca2+ sensor calneurons requires the 
TRC40/Asna1 protein chaperone. J Biol Chem, 286(42), 36762-76. * shared 
correspondence. 

Mikhaylova, M., Reddy, P. P., Munsch, T., Landgraf, P., Suman, S. K., Smalla, K. H., 
Gundelfinger, E. D., Sharma, Y., Kreutz, M. R. (2009) Calneurons provide a calcium 
threshold for trans-Golgi network to plasma membrane trafficking. Proc Natl Acad Sci U S 
A, 106(22), 9093-8. 

Mikhaylova, M,, Bera, S., Kobler, O., Frischknecht, R., Kreutz, M. R. (2016) A Dendritic 
Golgi Satellite between ERGIC and Retromer. Cell Rep, 14(2), 189-99. 

 


