UNIVERSITY OF

STIRLING




#
$% &'
( )
* $+' + -
[ #0-+
|5 Hippocampal

Microcircuits

A Computational Modeler's

Hippocampal Microcircuits: Ao
A Computational Modeler’'s Resource Book
Eds: Cutsuridis, Graham, Cobb, Vida
Springer, 2010

31 March 2015 CA1 meeting, London



Other - Internal and external
isocortex environmenl
rF 9 ‘-

Axo-atonic cell
Ly

Bistratified cell

PV basket cell

CCK cells

Subcortical
areas

(Cobb and Vida, Fig 2 Pg 284, Hippocampal Microcirc  uits, Springer 2010)

31 March 2015 CA1 meeting, London

THETA

PV baskét
20 | cells |

" o CCK expr. gells

|
Q=-axon

.di cells
.o:u
Bistratified cells

i | I | I
A | |

: L‘Il-LM calllh
;] | |

| |

00,

38D 720
Theta phase=

Klausberger data




% & |

Thresholding (recall)

EC Associative learning

SE

7
4l |

A-@

T

Silencing (storage)

SEFTTIM

Excitatory Inhibitory

Cutsuridis, Cobb & Graham, Hippocampus 20:423-446, 2010
Saudargiene, Cobb & Graham, Higpecampus 25:208-2018, 2015




%

Pyramidal cell

Basket cell Axo-axonic cell

RBistratifi Il
L istratified ce OLM cell

Lhd-M4

L1

Lhkd-k1

RAadlisl Fiadlisl

FRadiied Feadhiad
RadPrax RadPrx
BT Somea
OriPros P Sam
Critded Orised R DEnd
Bame
CwiDisl Oiltial

T A e

PC based on Poirazi model: ion channels and distributions
IN models based on models from Skinner lab
NEURON code from ModelDB




{a) Theta rhythm (a) Pattern pyramidal cell
RECALL STORAGE/ E R
L 1 I I | N
0 50 100 150 200 250 - | L ‘
(b) Pyramical cells 200 400 600 800 1000 1200 1400 1600 1800 2000
00 (b) Axo-axonic cel
i PV hsnerket 0 ‘ . j £ 0 WJ
. cells 0 50 100 150 200 250 g
: > 30 : —— — M

(c) Axo-axonic cells
M 10 200 400 600 800 1000 1200 1400 1600 1800 2000
A0 (c) Basket cel

5 .
0 50 100 150 200 250 0r
1 (d) Basket cells 50
101 i f‘\“”‘// el [l \M
.0 5+ 200 400 600 800 1000 1200 1400 1600 1800 2000
Axo-axonic 0 | | d) Bistratified cell

V(M)

cells 0 50 100 150 200 250 50
A (e) Bistratified cells E 0
20- 1=
10k - — >0 iaaid P e ‘
0 . E 0 I ] 200 400 600 800 1000 1200 1400 1600 1800 2000
Bistratified cells 0 50 100 150 200 250 &) OLM cell
(YOLM cells _5op
10 E ol
5 T .50k
=
0 l | | | | | | | | | |
C-LM cells 0 50 100 150 200 250 200 400 600 800 1000 1200 1400 1600 1800 2000
Time (msecs) Time (msecs)
08
oo
0 360 720

metaphase | Klausberger data




(a) Input spikes
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(c) PC spike count
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Saudargiene et al, Hippocampus, 2015
Poirazi CA1 PC model, 2003
Graupner & Brunel plasticity rule, 2012
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(a) Membrane potential in soma
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(b) Membrane potential in SLM dendritic region
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(c) Calcium concentration in a SR spine
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(d) Synaptic efficacy p in a SR spine
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Graham et al, Neural Computation 26: 2194-2222, 2014
Extended Migliore (2005) CA1 PC model
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Graham et al, Neural Computation 26: 2194-2222, 2014
Experimental evidence eg Takahashi & Magee (2009)
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Bianchi et al. Hippocampus 24:165-177, 2014
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