Reactivation of Interfering memories in the hippocampus shapes memory performance: a
computational study.
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Biophysical Model of SWR activity with Setl and Set2 cells Consolidation: using co-activation during sleep to shape connections after sleep

Neuronal replay is considered a mechanism by which the interaction of hippocampal and cortical activity during sleep can result in memory consolidation. In

particular, reactivation of patterns coding for recently learned tasks is known to happen at least in part during sharp-wave ripples (SWRs), which are short-lived _/ o
highly synchronous events which start in area CA3 and propagate to area CAl, where stratum pyramidale shows high frequency (>150Hz) ripples. Here we (it ] (),*\”O C Frequency Index of one cell = fraction of all ripples in which it spikes [F(c1) ] c'oi)
study how reactivation of multiple memories during sleep can inform performance on later recall. .(-{'f;.»{) o _ _ _ _ _ ff, 5
Using a reconsolidation paradigm, our rodent data show that the reactivation of competing memories is related to memory recall performance. Specifically, when }(O) _ _,-f:OQOO ggegtl:]ee?cﬁ?gle;;)f]two cells = Traction of allripples in which they spike 1‘—2 O
two different sets of locations (Setl and Set2) were learned, the amount of Setl place cell reactivation during the SWRs recorded in sleep after learning Set2 ! b/ N, "% 1 5\ I.ji
correlated with lower performance when recalling Setl. Furthermore, if the two sets were learned in different contexts, this “interference” was reduced. O \ & 1 Cells in sets A and B reactivate during sleep with many cells not included in § g
We investigate how sleep reactivation of different memories can influence their respective recall performances in a biophysical model of CA3-CA1 spontaneous % 7?-;5}};;; either sets. This stays true at all overlap levels tested. For consolidation to g .
SWR activity. In the model, we represent Setl and Set2 by groups of pyramidal cells in both CA3 and CA1 with enhanced synaptic connections among them. (% an be effective, it has to be selective. Syn apti c Effi cacy Index: L (.':;
After quantifying the spontaneously emergent reactivation of Setl and Set2, we modify network connections according to the degree of shared reactivation, to © Pyramidal Cells SEff(Cl, CZ) _ F(c1,c2)3 /F(Cl)F(CZ) >
represent the cumulative effect of reactivation-induced synaptic plasticity. We then quantify the recall performance of both Sets by stimulating a small portion of () Basket Cells

cells belonging to a given set and measuring the spike pattern completion. We introduce a similarity measure between the two memories, by gradually changing

SEff is based on co-activation: high for cell pairs which activate selectively

 Choose two sets of cells in CA3-CA1 network: A = Setl, B=Set2 together, low for cell pairs which activate often but not only together

the degree of overlap between Setl and Set2 cells. We find that the degree of similarity between the two sets influences their common reactivation during sleep

EVvO-EVO

and the degree of intrusions of cells from the wrong Set during memory recall tests. Within the range of similarity considered, we identify which configuration of  Learning the sets: Assign NMDA synapses within each set (constant)

Set 1 and Set2 overlap can account for behavioral performance in the same or different context. 1 Degree of overlap between the two sets represents memory overlap

We conclude that memories with similar representation in the CA3-CA1l network can undergo spontaneous reactivation during sleep which will encode their
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degree of similarity. In turn the mixed reactivation can result in synaptic plasticity shaping recall performance. We predict that testing recall of memories learned

CONSOLIDATION +

ax(NMDA)*a*SEff

in contexts with gradual level of differentiation will show a proportional level of intrusions during sleep, and hence in performance.
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Rodent Reconsolidation Paradigm
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