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Engineered neuronal circuits

How do they form? How do they function
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Outline

A Motivation
A How self-engineering takes place?
I Nano-topography (CNT)

A How does the activity of such systems
look like?

A CNT based neuro-prosthetic devices



Motivation

A See the whole picture
A Function follows form

A Clusters are
biologically relevant
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Patterning

PDL patterns on TiN electrodes

Gabay et al. Nanotechnology, 2007
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Self-assembled engineering
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. ocust neurons on CNTs

Scale bar = 60 rm

Greenbaum et al., J NeuroSci Method 2009
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Axonal Growth T Mechanics In
Action
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The Axon and the Growth cone

Axons: 1 ¢ mthick and some are
more than 1 m long

Extensive growth, especially RV
during developmental stages ..M.Mf\
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Extremely sensitive chemical
sensors

Mechanical tension
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http://manual.blueprint.org/Home/glossary-of-terms/mechano-glossary--g/mechano-glossary-growth-cone/figure-growth-cone-structure
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Mechanical Properties of Axons

Needle Flow

«— lp —>

k, Main spring constant 8.05-0.7 mN/m > stiff E ~12 kPa (microtubules)
k, Secondary spring constanfie3 mN/m

g, neurite dissipation

M, Molecular motors mechanical response

T,, Neurite initial tension ©-2 nN

T tension applied by Molecular Motors0-2 nN

Bernal PRL2007, BioPhys 2010
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Role of Tension

A Tension and Network Wiring
A Tension and Cellular Mobility
A Tension and Cell Shape

A Tension and Adehsion
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Axons and Tension
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Anava et al, Biophysical Journal 2009
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Neurite Pruning

Average number of branches
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Anava et al, Biophysical Journal 2009
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nSynapseso wil t h
(antlsynapsm)
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Cell Mobility
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Tension and Mobility
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Tension, mobllity & Clustering
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Clustering
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Preferred Adhesion to Rough

Surfaces

Sorkin et al., Nanotechnology 2009
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Greenbaum et al., J NeuroSci Method 2009



Sorkin et al., Nanotechnology 2009
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Twining and Scale

TAITWANO

Sorkin et al., Nanotechnology 2009
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Length Scales

Rat Neuron

M CNT diameter
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Sorkin et al., Nanotechnology 2009
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Tendrils and processes; N
Just a CNT Effect
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NANOTECHNOLOGY
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Entanglement

Neurons

Fluorescence confocal

Sorkin et al., Nanotechnology 2009



s s
e

Ly TELAUIV UNIVERSITY % .
< 5




@*;a O . ° TELAVIV umuensnv%

CNT Multi electrode array

Gabay et al. Nanotechnology, 2007
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3D electrodes
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Neuro Chips

A In vitro: Brain-on a A In vivo: Neuroprosthetic
chip - Devices
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HEOOS
Recordings with CNT MEA from

Engineered Neural Circults
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Networks

Uniform Engineered Clusters

Shein et al. 2009
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Electrode

ARecruitment of the entire network

(tens 1 hundreds of ms). T
AAIl the neurons act as one unitary
network 1 if the threshold for SB
activation is reached, all the neurons in

the network exhibit flrlng 1(;0 200 300 400 500 60 700 8(;0 983 1000
AHigh correlations are found both Time fme}

between adjacent as well as distant

neurons.
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Clusters:
|Isolated and Connected



