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Unknown role - ATR protein regulates neuronal activity 
The ATR protein plays an important role in the response to replication stress as a 
regulator of the DNA damage response (DDR) and controls cell viability. Mutations of 
ATR in humans lead to, among other pathologies, neurological defects; indicating a yet 
unknown role for ATR in non-dividing cells. Researchers from the Leibniz Institute on 
Aging - Fritz Lipmann Institute (FLI) in Jena and the Section of Neuroimmunology of 
Jena University Hospital have shown that ATR deletion in neurons does not affect brain 
development and formation, but amplifies neuronal activity and increases suscepti-
bility to epilepsy. This study identifies a physiological function of ATR, beyond its DDR 
role, in regulating neuronal activity. 

Jena. The genome comprises all the genetic information present in a cell and, in humans, is 
stored in the form of DNA on the chromosomes in the cell nucleus. The genome is continuously 
exposed to external and internal factors, such as environmental toxins, radiation, and reactive 
oxygen species, which all can lead to DNA damage. The resulting damage to the DNA double 
helix poses a major threat to the organism. Therefore, cells are equipped with sensitive yet 
robust DNA damage response (DDR) machineries that include not only direct repair of the 
damage, but also signaling pathways that control cell survival and thus protect the integrity of 
the genome.  

The ATR protein (Ataxia Telangiectasia and Rad3 related) is a master regulator that controls 
DNA damage signaling and DNA repair in response to replication stress during DNA synthesis, 
and stops the cell cycle when needed. This means that cells or tissues with a high replication 
capacity cannot tolerate the loss of ATR, as ATR is dealing with replication stress. Therefore, 
complete loss of ATR is lethal to the cells and organisms. In contrast, hypomorphic mutations 
in ATR (partial loss of gene function) cause Seckel syndrome, a chromosome instability 
disorder, in humans. Patients suffering from this syndrome are characterized by dwarfism, 
developmental delay, microcephaly, and mental retardation. Often also associated with a 
senile, progeroid appearance with premature aging symptoms, suggesting an as yet unknown 
role of ATR. To date, however, it is not known how mutations in ATR, which usually deal with 
replication stress, can regulate the neuronal functionality of postmitotic neurons (nondividing 
cells) and explain neurological symptoms such as microcephaly, learning deficits, and 
intellectual disability.  

Using genetically engineered mouse models, researchers led by Prof. Zhao-Qi Wang, head 
of the "Genomic Stability" research group at the Leibniz Institute on Aging - Fritz Lipmann 
Institute (FLI) in Jena, in collaboration with Prof. Christian Geis, Section of Neuroimmunology, 
from Jena University Hospital, investigated the impact of ATR loss on brain formation and 
neuron functionality. "If ATR was absent in the embryonic neural progenitor or other 
proliferating cells, the animals showed severe neurodevelopmental defects and died shortly 
after birth," explained Dr. Murat Kirtay, who performed the analyses during his doctoral thesis. 
In contrast, the mouse strains, if ATR is missing in the postmitotic neurons, had a normal life 
expectancy.  

 



 
 

"Our study demonstrates that when ATR is removed from non-dividing cells, neuron viability 
is unaffected and dispensable for mouse brain formation and structure," informs Dr. Kirtay, 
first author of the study published in Nature Communications. That is, if the cells are spared 
replication stress, abrogation of the ATR-DDR axis through loss of ATR is neither toxic to 
postmitotic neurons nor critical for brain development.  

Novel role of ATR in postmitotic neurons 

However, ATR loss is closely associated with cerebellar defects, because despite apparently 
normal cerebellar structure and morphology, the mutant mice exhibited striking locomotor 
dysfunction. Compared with the control group, they had deficits in their learning ability and 
grasping power, as well as in motor coordination, which was particularly noticeable in old mice.  

In addition, with age, loss of ATR in the neurons led to sporadic nonfatal epileptic seizures, 
possibly triggered by external stimuli such as handling and cage changes. "Since epilepsy is 
associated with aberrant synaptic transmission and neuronal activity, this sensitivity to 
epileptic seizures strongly suggests that the altered neuronal activity in the mutant mice, which 
progresses with aging, makes the neurons more vulnerable to stress or environmental stimuli," 
Prof. Zhao-Qi Wang interprets the present results. ATR loss in neurons leads to hyper-
excitability and increases seizure susceptibility. "Although ATR is known to be an essential 
DDR regulator, our study revealed a previously unknown important and physiological function 
of ATR in neuronal activity," Prof. Wang added. 

ATR regulates intrinsic neuronal activity 

"Despite normal cerebellar and forebrain morphology, neurons lacking ATR were defective in 
synaptic function. Electrophysiological analysis of the mouse models showed increased 
intrinsic neuronal activity of the neurons, “so, we conclude that ATR has a general 
physiological role in neuronal activity and synaptic function," explained Prof. Geis. ATR loss 
does not induce DNA damage or activate DDR signaling in neurons, meaning that the 
observed synaptic defects are independent of DDR signaling. The study thus provides insights 
into causative mechanisms underlying the neurological symptoms of Seckel syndrome, which 
may provide new strategies for diagnosis and treatment of the multiple pathological symptoms.  

"Our study shows that the loss of ATR in neurons, is compatible with brain development and 
life, but also confers a high susceptibility to epileptic seizures," Prof. Wang summarized the 
findings. These neurological defects manifest themselves mainly during the aging process. "In 
addition, we were able to demonstrate for the first time that ATR has a previously unknown 
but primary function in neuronal functionality and signaling activity that goes far beyond the 
already known DDR signaling. This surprising new discovery is therefore important for 
clinicians and scientists in the fields of DNA repair, neurobiology, and neuronal homeostasis." 
ATR is a novel regulator of neuronal signaling that can prevent epileptic seizures. 
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ATR is located in the presynaptic compartment and controls neuronal activity. Its loss leads to 
increased neurotransmitter release and excitability. ATR maintains neuronal activity and 
prevents epileptic attack. (Source: FLI / Kerstin Wagner & Alessandro Ori; created with 
BioRender.com) 

 

Background information 

The Leibniz Institute on Aging – Fritz Lipmann Institute (FLI) – upon its inauguration in 2004 – was the first 
German research organization dedicated to research on the process of aging. More than 350 employees from 
around 40 nations explore the molecular mechanisms underlying aging processes and age-associated diseases. 
For more information, please visit www.leibniz-fli.de. 

The only institution of its kind in Thuringia, Jena University Hospital can look back on a history of more than 200 
years. The University’s tradition as a medical school is yet older. Ever since the foundation of the University 450 
years ago, the Faculty of Medicine has been training and educating doctors-to-be. Today, Jena University Hospital 
with a staff of more than 5,600 is the biggest employer in the region. Its 26 clinical centers and 25 institutes provide 
care for 300,000 in- and outpatients per year, as well as teaching for 2,600 students of medicine, dentistry and life 
sciences. At Jena University Hospital, scientists work both in the field of fundamental biomedical research and in 
patient-related clinical research. www.uniklinikum-jena.de  
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The Leibniz Association connects 96 independent research institutions that range in focus from the natural, 
engineering and environmental sciences via economics, spatial and social sciences to the humanities. Leibniz 
Institutes address issues of social, economic and ecological relevance. They conduct knowledge-driven and 
applied basic research, maintain scientific infrastructure and provide research-based services. The Leibniz 
Association identifies focus areas for knowledge transfer to policy-makers, academia, business and the public. 
Leibniz Institutes collaborate intensively with universities – in the form of “WissenschaftsCampi” (thematic 
partnerships between university and non-university research institutes), for example – as well as with industry and 
other partners at home and abroad. They are subject to an independent evaluation procedure that is unparalleled 
in its transparency. Due to the institutes’ importance for the country as a whole they are funded jointly by the 
Federation and the Länder, employing some 20,500 individuals, nearly half of whom are researchers. The entire 
budget of all the institutes is approximately 2 billion EUR. See www.leibniz-gemeinschaft.de/en/ for more 
information. 
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