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Multiscale analysis

Characterization of “noisy” Integrative properties of single neurons
network activity in vivo: during High-Conductance states

High-conductance states
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Neuronal computations with stochastic network states

Integrative properties at the level
of single neurons




Extracting conductances from in vivo activity
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Extracting conductances from in vivo activity
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Extracting conductances from in vivo activity

Conductance measurements
In awake cats
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Contrasting low and high conductance states

Low-conductance states T —— High-conductance states
(excitation ~ inhibition) (inhibition >> excitation)
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Spike-triggered averages of conductances
Low-conductance
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Spike-triggered averages of conductances
Low-conductance High-conductance

apoben il {mY)

Membrane

Dynamic-clamp

conductance (nS)

[
=]
a
a
i

Tatal synaptic
conductance [nS)

I ] Q |
e 1oa q am

Time window before spho (ms)




Spike-triggered averages of conductances

Intracellular recording
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Extracting STA
from Vm activity
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Spike-triggered averages of conductances
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Stochastic analysis of single cortical neurons in vivo

Summary of the stochastic
analysis of
High-conductance States

N

Stochastic analysis of Vm fluctuations reveals
dominant inhibitory conductances

Two ways to evoke spikes: by excitation (rare)
or release of inhibition (more generally seen)

Considerable cell-to-cell variability (diversity)




Neuronal computations with stochastic network states

Integrative properties at the level
of networks of neurons




Multisite recordings in awake cats

Units (microscopic)
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Multiunit extracellular recordings in awake cats

Wake Apparent stochastic dynamics!
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Multiunit extracellular recordings in awake cats

Wake Apparent stochastic dynamics!
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Multiunit extracellular recordings in awake cats

Statistics of spike patterns in cat parietal cortex

Uncorrelated Correlated

Size of the patterns: 8 x 1, DJS=0.17673 ; Size of the patterns: 8 x 1. DJ5=0.0017531
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Network models of self-sustained irregular states

Networks of IF neurons
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Network models of asynchronous irregular states

Networks of IF neurons
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Self-sustained asynchronous irregular states

Networks of

IF neurons ,
—I-H-U'III-.WFTWI—"I'-F_
(conductance-based) R, P et LA T
||.'| III- '. ji:iu'{.ql.lq h o B _||'|'I i L
b‘ f "H'I] 'lli "'.F IJ'FH I.lL :'ll.u :llil"
.“.“' Seh ! J“F‘“f '.'e.- I

'-‘Z'ﬂ’: I Dby S e

i
il

3
=
2
=
i
=

g
o

Kumar et al. 400 200 800 1000 1200
Neural Computation 2008 Time (ms)




Self-sustained asynchronous irregular states
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Networks of
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_n&}

150
100
fald

xcitatony Conductance Ag :
rcitatory Conductance Ag (n

i=
=

irl B0 Hi . 1 ol
Inhibitery Gonductance Ag_ (nE)

SH state Al state

Vogels & Abbott,
J Neurosci 2005

dﬂ/\ﬁmnm.m

U i III l' i
Il'n..'v..llllll.".- 'ul .ll..lll.ul'-.l‘lg . :
El Boustani & Destexhe, o a0 i il 101 - i A
Neural Computation 2009 Time (me] Time (ms)




Self-sustained asynchronous irregular states

Networks of Experiments
adaptative exponential .
IF neurons AV TYRT I

(conductance-based) l“ | LLJMWJ[ L
gL g

etimulation ﬂU my

1my |

arty B

g <

e N

B
.*.Ltn-n.anﬂ-':-u‘.-_.l'.."l':

-2 E

i e

10D

ol o

bl

(8]
Avaraga 1

SRRUR Lk Loith Ry B

a

Al Hz |

KMemorane potential

Aty b |

_-\._E
_—
)
K
i

Destexhe
J Computational Neurosci
2009




Analysis of Al states

ISI| distributions
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Analysis of Al states

Spike-triggered average analysis
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Analysis of Al states

Synaptic conductances
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Analysis of Al states

Synaptic conductances

MNumber of cells

. 20 times

too many!
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Modulation of information transfer by network activity

How to obtain models consistent

with conductance measurements ?




Mean-field model of Al states

Macroscopic modeling of Al states in spiking networks

Optical imaging 1 pixel = network of
randomly-connected neurons
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Mean-field model of Al states

Exponential loss of dynamic memory
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Mean-field model of Al states

Numerical simulation Model prediction Difference
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Mean-field model of Al states
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Network models with realistic conductance patterns
Best model: N=16000, 320 synapses/neuron

A Raster B Synaptic conductances
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Network models with realistic conductance patterns

Comparison
A Experiments B
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Impact of network activity on populations of neurons

Conclusions

Randomly connected networks of IF neurons
can easily generate dynamics which reproduce
experimental observations...

... except for conductances measurements!
Mean-field models can be used to identify

network configurations with correct
conductance state




Thanks to the team...
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