
 

How synapses maintain their activity despite ageing  
Scientists of the Göttingen Cluster of Excellence Multiscale Bioimaging 
(MBExC) and the Collaborative Research Center 1286, University Medical 
Center Göttingen and Max Planck Institute for Dynamics and Self-
Organization uncover a link between protein turnover and synaptic activity. 
Published in Cell Reports.  
 
(mbexc/umg) Synapses, the communication sites between nerve cells, are key to 
the function of the neural system and have been extensively studied over the last 
decades. Especially synaptic vesicles, which store, transport and release messen-
ger substances (neurotransmitters) and are thus crucial to synaptic transmission, 
have been described in great detail. During information transmission between 
nerve cells, synaptic vesicles release neurotransmitter by fusing to the membrane 
(exocytosis), synaptic vesicles are reformed (endocytosis) and eventually recycled 
for another round of neurotransmitter release. This process is known as the synap-
tic vesicle cycle. Most of the components involved in this cycle have been elucidat-
ed. To date, it is thus known, that these components age and once aged have to 
be removed in order to prevent damage to the nerve cells. Consequently, synaptic 
vesicles can undergo the vesicle cycle only a limited amount of times and ageing is 
happening in an activity dependent way. This means the more active a synapse is, 
the faster its vesicles age. While the fundamentals of synaptic vesicle and protein 
ageing have been largely elucidated, very little is known so far about the supply of 
new vesicles to the synapses, and how this process is regulated. Learning more 
about this process and the involved synaptic components will help us to further 
enhance our understanding of synaptic maintenance and function. 
 
To understand how synaptic activity can be maintained despite ageing, Göttingen 
scientists established a mathematical model of the synaptic vesicle-cycle, and veri-
fied their theoretical findings with a combination of fluorescence imaging and sec-
ondary ion mass spectrometry. The collaborative effort was led by Prof. Dr. Silvio 
O. Rizzoli, Director of the Institute of Neuro- and Sensory Physiology of the Univer-
sity Medical Center Göttingen (UMG), and speaker of the Board of the Center for 
Biostructural Imaging of Neurodegeneration (BIN), and Dr. Viola Priesemann, 
group leader at the Max Planck Institute for Dynamics and Self-Organization and 
associated with the Faculty of Physics of the Georg-August-University Göttingen as 
well as the Bernstein-Center for Computational Neuroscience. Using mathematical 
modeling of the synaptic vesicle cycle they could show that synapses theoretically 
require a demand-dependent supply of newly made synaptic vesicles. This com-
pensates for the ageing of synaptic proteins and ensures a robust synaptic trans-

No. 036e, 18 March 2021  

Legend to the graphic: 
Newly made proteins incorporate 
a label consisting of the essential 
amino acid leucine containing 
the rare nitrogen isotope 15N. 
This label allows the detection of 
newly made proteins in individual 
synapses by imaging mass 
spectrometry. The activity of the 
same synapses was determined 
with fluorescence microscopy. 
These combined measurements 
confirmed the model prediction 
that synaptic boutons have a 
demand-dependent supply of 
synaptic vesicles: more active 
presynapses have more newly 
made synaptic proteins. This 
correlation was disrupted by 
chronic activation or inhibition of 
synaptic activity. Graphic: Cell 
Reports/ S. Jähne. 



 

mission. The study reveals that the theoretical requirement is reflected in living 
nerve cells by a positive correlation between presynaptic protein turnover and syn-
aptic activity on the single synapse level. Disrupting transport to synapses abolish-
es this relation, suggesting that synaptic protein transport plays a role in demand-
dependent vesicle supply. The results of the scientists engaged in the Cluster of 
Excellence Multiscale Bioimaging (MBExC) and the Göttingen Collaborative Re-
search Centers 1286 (SFB1286) were published in the renowned scientific journal 
"Cell Reports" on March 16, 2021. 
 
Original publication: Presynaptic activity and turnover are correlated at the 
single-synapse level. Sebastian Jähne, Fabian Mikulasch, Helge GH Heuer, Sven 
Truckenbrodt, Paola Agüi-Gonzalez, Katharina Grewe, Angela Vogts, Silvio O. 
Rizzoli, Viola Priesemann, Cell Reports, Volume 34, Issue 11, 16 March 2021, 
108841. doi: 10.1016/j.celrep.2021.108841. 

LINK: https://www.sciencedirect.com/science/article/pii/S2211124721001558 

 
Research results in detail 
Synaptic vesicles undergo activity-dependent ageing: the more they are recycling, 
the faster they age and are removed from the active pool of vesicles. This evokes 
the hypothesis that a highly active synapse consumes more vesicles and requires 
a higher supply of newly made synaptic vesicles than less active synapses. The 
scientists used mathematical modelling of the synaptic vesicle to confirm this intui-
tion. They found that, theoretically, synapses indeed require a demand-dependent 
supply of synaptic vesicles in order to compensate for activity-dependent ageing. In 
the model, synapses with a constant supply of new synaptic vesicles appear very 
heterogeneous, either accumulating or losing synaptic vesicles, which would lead 
to dysfunction.  
 
The scientists verified the findings from their model experimentally using a combi-
nation of fluorescence imaging and nanoscale secondary ion mass spectrometry 
(nanoSIMS). The combination of these two methods enabled the scientists to study 
protein lifetimes and synaptic activity in individual synapses at once. In compara-
tive measurements of individual synapses, they found their assumption confirmed: 
more active presynapses also had more newly synthesized proteins. Such a corre-
lation could not be detected in the postsynapse. Disruption of vesicle transport as 
well as chronic increase or decrease of synaptic activity abolished this correlation. 
This observation again suggests that the demand-dependent supply of newly 
formed synaptic proteins is closely linked to synaptic activity. 
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“The combination of mathematical modelling, fluorescence microscopy, and sec-
ondary ion mass spectrometry imaging allowed us to uncover that synapses are 
supplied with newly-made vesicles in an activity dependent manner”, says Prof. 
Rizzoli, one of the senior authors of the study. “The mechanisms behind this pro-
cess are largely unknown, but should be in focus of further studies, especially, 
since a disruption of this regulation is likely to have severe consequences for the 
individual cell and thus, for the nervous system.”  
 
The Göttingen Cluster of Excellence Multiscale Bioimaging: From Molecular 
Machines to Networks of Excitable Cells (MBExC) is funded since January 2019 
in the framework of the Excellence Strategy of the German Federal and State Gov-
ernments. Applying a unique and multiscale approach, MBExC investigates the 
disease-relevant functional units of electrically active cells of heart and brain, from 
the molecular to the organ level. The MBExC unites numerous partners from the 
university and extra-university institutions in Göttingen. The overall goal: to under-
stand the relationship between heart and brain diseases, to link basic and clinical 
research, and thus to develop new therapeutic and diagnostic approaches with 
social implications.  
 
FURTHER INFORMATIONEN 
about the Rizzoli Lab: http://rizzoli-lab.de/ 
about the Priesemann Lab: https://www.viola-priesemann.de 
about MBExC: https://mbexc.de/ 
about CRC1286: https://www.sfb1286.de/ 
 
 
CONTACT 
University Medical Center Göttingen, Georg-August-University 
Institute of Neuro- and Sensory Physiology 
Prof. Dr. Silvio O. Rizzoli  
Humboldtallee 23, D-37073 Göttingen 
Phone: +49 (0) 551 / 39-5911, srizzoli@gwdg.de 
 
Max Planck Institute for Dynamics and Self-Organization 
Max Planck Research Group: Neural Systems Theory 
Dr. Viola Priesemann  
Am Faßberg 17, D-37077 Göttingen 
Phone: +49 (0)551 / 5176-405, viola.priesemann@ds.mpg.de 
 

Prof. Dr. Silvio O. Rizzoli, 
Director of the Institute of 
Neuro- and Sensory Physiol-
ogy of the University Medical 
Center Göttingen (UMG), and 
speaker of the Board of the 
Center for Biostructural Imag-
ing of Neurodegeneration 
(BIN). Photo: private 


