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Conductance-based model:
robust to neuromodulation & plasticity

Synaptic plasticity

Ach, NE, 5-HT, HA, Glu .. 
Neuromodulators = NMOD
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· Strong weights acquired during learning (correlated activity)
are preserved. It translated by an increase in the number of
AMPA receptors and the spine size.
· Weak weights are decreased or even erased during sleep.

Homeostatic resetSynaptic consolidation
· Strong and weak weights converge

towards the same reset value.
· It leads to a disruption of learning.
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Nmod shapes synaptic plasticity
ü Shown experimentally
ü Easily reproducible 

on computational experiments

Glossary
• CaMKII: ca/calmodulin dep· prot· kinase II
• cAMP: cyclic adenosine monophosphate
• PKA/C: protein kinase A/C
• Arc: Activity-regulated cytoskeletal

Biological tools to exploit the homeostatic reset

uncorrelated 
activity

correlated 
activity ·     AMPAr

·     Spine size

Biology

Neuromodulation Synaptic Tagging and Capture Hypothesis

How to study neuromodulation & 
synaptic tagging-capture hypothesis in plasticity rules?
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Ca sensor

Tagged synapses promotes the capture 
of Plasticity-Related Proteins  (PRP)

Learning creates the potential 
for long-term plasticity by setting TAG
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Neuromodulation of synaptic plasticity rules

Plasticity rules undergo neuromodulation: 
Their parameters are modified.
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· Neuromodulation alters synaptic plasticity rules between wake 
state and sleep state. The rules are state-dependent.

· The rules need to be tag-dependent. Potentiation or 
depression levels are modified as well as the time-constants in 
accordance with the weight acquired during the learning phase. 

Conclusion
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Modification of synaptic rules unravels and suggests potential mechanisms 
for sleep-dependent memory consolidation.  This work tends to bridge 
computational experiments to biological mechanisms and vice-versa.

cAMP-PKA CaMKII

Experiment Cellular mechanisms Model

time

Change parameters for all the weights 
maintains the homeostatic reset

Strong weights are preserved

Weak weights are decreased

Plasticity-Related Proteins

#AMPAr
++

• BDNFr: receptor for BDNF (TrKB) 
• BDNF: brain-derived neutrophic factor
• MAPK: mitogen-activated protein kinase
• CREB: cAMP Response Element-Binding Protein

Conclusion
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[Brzosko,2017]

[Brzosko,2017; Pedrosa, 2017] [Frey, 1997; Redondo, 2011; Seibt, 2019]


