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Changes in synaptic efficacies need to be long lasting in
order to serve as a substrate for memory. Experimentally,
synaptic plasticity exhibits phases covering: i) the induc-
tion of long-term potentiation and depression (LTP/LTD)
during the early phase of synaptic plasticity, ii) the setting
of synaptic tags, a trigger process for protein synthesis, and
iii) a slow transition leading to synaptic consolidation
during the late phase of synaptic plasticity. We present a
mathematical model that describes these different phases
of synaptic plasticity. The model explains a large body of
experimental data on synaptic tagging and capture, cross
tagging, and the late phases of LTP and LTD. Moreover,
the model accounts for the dependence of LTP and LTD
induction upon voltage and presynaptic stimulation fre-
quency. The stabilization of potentiated synapses during
the transition from early to late LTP occurs by protein syn-
thesis dynamics that is shared by groups of synapses. The
functional consequence of this shared process is that pre-
viously stabilized patterns of strong or weak synapses
onto the same postsynaptic neuron are well protected
against later changes induced by LTP/LTD protocols at
individual synapses. Moreover, the protein synthesis
being triggered by a dopamine signal, we establish a link
between this neuromodulator and the reward prediction
error of reinforcement learning models. See Figure 1.
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Tagging and cross tagging paradigmsFigure 1
Tagging and cross tagging paradigms. (A) A weak tetanus (21 pulses at 100 Hz) applied at a group of 100 synapses at t = 
10 min (arrow) leads to an increased connection weight (blue line) that decays back to baseline. (B) A strong tetanus (100 
pulses at 100 Hz repeated three times, arrows) leads to late LTP that is sustained for 5 hours (black line). (C) If the weak teta-
nus (blue arrow) in a first group of synapses is followed thirty minutes later by a strong tetanus (black arrows) in a second 
group of synapses, the weights in the first group (blue line) and the second group (black line) are stabilized above baseline. (D) 
Stimulating a group of synapses by a weak low-frequency stimulation (1 pulse repeated 900 times at 1 Hz, blue arrow) 30 min-
utes after the end of the strong tetanic stimulation of a second group also leads to stabilization of the weights in both groups. 
Lines indicate the result averaged over 10 repetitions of the simulation experiments and bars standard deviation.
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