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Background...

e Collaborators:
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CAI| Network Model
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Model Neurons
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Patterned Firing of Cell Types

e Theta due to phasic MS input

 Specific phase relationships as

Theta phase

Klausberger data

(a) Theta rhythm
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Phasing Storage and Recall

* Recall at gamma frequency in theta half-cycles

lent theta half-cycles
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Storage Signal

* Synaptic (dendritic) voltage: Aw; = p..p;
(a) Input spikes
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Calcium-based Learning: Storage

(a) Membrane potential in soma
30

° EC +weak CA3 =L LLILLLUULLLLLL

[ Pe r'i sSOMm ati C i N h i b “ (b‘) Mem?rane pf)lentiall in SLM dendrlitic region
- ol kbt atafalaaa
. LT P Of CA3 N P Uts 8% 0.5 1 15 2 25 3 35 4

(c) Calcium concentration in a SR spine

2 T T
0

0 0.5 1 1.5 2 25 3 35 4

(d) Synaptic efficacy p in a SR spine

205 S— o g —
0 1 1 L L 1 L L
0 05 1 15 2 25 3 35 4
(e) EC inputs
20 ; —
g
=10
@
(&)
0
0 0.5 1 15 2 25 3 35 4

(f) CA3 inputs

Saudargiene et al, Hippocampus, 2015 bl | 1 g -
Poirazi CA1 PC model, 2003 o es T s e s e s
Graupner & Brunel plasticity rule, 2012




Calcium-based Learning: Recall

» Strong CA3 input
e Dendritic inhib
o LTD of CA3 inputs
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Synaptic Cooperativity

* Peak synaptic calcium as a function of the
number of simultaneously active synapses
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Graham et al, Neural Computation 26: 2194-2222, 2014




Cooperativity Between Layers

e Problematic!?
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Experimental evidence eg Takahashi & Magee (2009)




Model reuse: CREB and AD

* cAMP Response Element Binding protein

> Enhances plasticity and cell excitability

o CREB signalling down-regulated in AD

Bianchi et al. Hippocampus 24:165-177, 2014




CREB and AD

ctrl CREB
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Summary

* Model of associative memory in CAI
° INs control plasticity and recall

* Code repository: ModelDB
> Al NEURON model code on ModelDB

o Use of ion channel and cell models
> Model reuse
* Experimental data:

o Cell-specific physiology and activity patterns
o Schaffer collateral LTP/LTD



