« HEALTH-2007-2.2.1-2: Coding in neuronal
assemblies. Research should focus on
mechanisms of coding at the level of
neuronal assemblies or microcircuits,
aimed at understanding the interface
between neuronal activity and behavioural
performance. The project should develop
Interaction between experimentation and
modelling, and therefore include a strong
neuroinformatics dimension."



Neuronal networks the interface
between

the cellular level and global brain
function
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the great challenge of current neuroscience
the interface between
the cellular level and global brain function -

Neurotransmitter
Pore binding pocket

Behaviour is producel by networks/microcircuits
of interacting nerve cells
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molecule/gene - cell - synapse - network — behaviour - cognition



Modelling in interaction with experimentation
needed to understand the Brain

- large number of dynamically interacting processes -
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Orjan Ekeberg
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Selection of behaviour
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Microcircuits in the basal ganglia
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DA dopamine neuron

....... Silberberg & Grillner 2006



MOTOR INFRASTRUCTURE

Neuronal networks that co-ordinate
different movements
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General vertebrate scheme - propulsion

From Fish to Mammals: Similar Neural Control System
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Lamprey Locomotor Network
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A swimming B Isolated spinal cord
forward backward
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Lamprey intersegmental network
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lamprey-edit2

Ekeberg and Grillner



Flexible body Compliant, water-proof Skl

Dorsal

Artificial notochord actuators atificial tendons

Stretch Receptors .,
(optical) !

actuators

Stefanini, Dario, Menciassi , Grillner et al
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Neuromechanical model simulation
- role of sensory feedback

1: No sensory feedback 2: Sensory feedback to l-interneurons

(Ekeberg)



Control of Body Orientation
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Control Systems for Locomotion

Selection of

Motor programs

Command

Steering

Posture

Pattern

Generation

Sensory
feedback




Lamprey CPG Cortical microcircuit
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From ”"Neocortex as a central pattern generator”
Yuste, ... Lansner
Nature Neurosci. Rev (2005)



Neuroinformatics

Data baseiv & Tool development
data sharing e for analyses
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Global Neuroinformatics Coordination
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Neuromechanical model simulation
of role of sensory feedback

1: No sensory feedback 2: Sensory feedback to I-interneurons
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Selection of behaviour
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Model of lamprey intersegmental network

Kozlov, Lansner and Grillner



Medium spiny striatal cells (input stage) _©°rtex
+High threshold for activation Thalamus
from cortex or thalamus

*Filter function Striatum
MSN
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Pallidal neurones (output stage)
* keep motor programs under
tonic inhibition



Suggested model for striatal functional organization
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Next steps:

- Compare MSN connectivity pattern
with biochemical identity (D1, D2, SP,
ENK).

A\ 4

- Compare MSN connectivity with
Different target corticostriatal (Glu) input, and nigro-

cell Spropulations striatal (DA).



Lamprey Locomotor Network

=

Glutamate

X Basal ganglia) Selection

Reticulospinal

¢

Command

Steering

7 Posture
Spinal
cord
sensory sensory
Pattern - [
" SR-E SR-E| |
Generation
SR-| SR-I
Sensory
eedbac
y 8




Lamprey Locomotor Network

=

Glutamate

X Basal ganglia) Selection

Reticulospinal

¢

Command

Steering

7 Posture
Spinal
cord
sensory sensory
Pattern - [
" SR-E SR-E| |
Generation
SR-| SR-I
Sensory
eedbac
y 8




Command - Drive signal
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Hippocampus
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BS: bistratified cell
AAC: axo-axonic cell
PC: pyramidal cell
BC: basket cell
OLM: o-lm cell

TC: trilaminar cell

MF: mossy fiber

PP: perforant path

CH: contralateral hemisphere
SB: subiculum

EC: entorhinal cortex




Swimming B Isolated spinal cord
forward backward

cycle duration
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