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Model |  Combining a biophysical neuron model able to switch from tonic to burst firing with early-phase and late-phase synaptic plasticity 
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Conductance-based model 
robust to neuromodulation, 

variability and plasticity 
[Jacquerie and Drion, 2021]

Synaptic weight = early weight (w) x late weight (l)

[Graupner and Brunel, 2012]

Rhythms | Neural activity during learning and rest periods
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Local Field Potential

Recording from  [McGinley et al. 2015]
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2 Insertion of new receptors 
using exocytosis of available proteins

Increase of receptor efficacy

Early-phase synaptic plasticity
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Insertion of newly generated proteins

Change in the synapse morphology

Plasticity | Early- and late-phase of synaptic plasticity
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dl/dt = -a dw/dt

d[Ca]/dt =f(pre, post)

Pre-and postsynaptic activity is 
converted to calcium fluctuations

dw/dt = f([Ca])

Driven by burst firing, the late-weight 
proportionally follows the negative derivative 
of the early-weight

Late-phase synaptic plasticity

New

If w increases, l decreases. 
If w decreases, l increases. 
If w is unchanged, l is constant. 

w is used as a physiological trace for l
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Blocking late-phase plasticity during burst firing
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Replacing burst firing by low firing tonic mimicking silent rest 

Replacing burst firing by additional tonic firing for learning a digit
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· Collective bursting induces a reset in early weights.
· The late-plasticity is driven by this reset - used as a physiological 

trace - and leads to consolidation
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Results |  The synergistic role of collective burst firing and late-phase plasticity facilitates memory consolidation 
Mechanisms III

Result for switches from tonic to burst firing & late-phase plasticity

Up-selection

ü Consolidation during burst firing - associated with rest 
ü Consolidation without input recall

✗ Only one digit representation is memorized at a time

✗ Burst firing resets acquired learning

         Robust to noise |     Fragile to noiseü  ✘  
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Down-selection

SNR = max(wl)/mean(wl)  [Gonzalez et Ruedas, 2018]
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Up-selection means that SNR increases 
during burst. No input is recalled 

but the network consolidates. 

Take-home messages

ü Alternance between tonic and burst firing combined with synaptic plasticity is understudied.
ü Burst firing induces a reset in early-weights necessary to drive the late-phase plasticity.
ü This burst-driven late phase plasticity supports biological signaling mechanisms. 
ü This rule offers the possibility of up- or down-selecting the previous acquired learning.

RF = Receptive Field

Down-selection permits a SNR decrease 
during burst. It is associated with synaptic 

homeostasis. 
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