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Outline:

e Qur goal: build up an in-vitro engram
* Top-down excitation: Digital Light Processor (DLP) + optogenetics

e Results
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The aim of the project is to create an hybrid neuromorphic computing platform.

Neuronal network 4 Artificial (photonic) network

Hybrid network, able to replace malfunctioning brain sectors
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The aim of the project is to create an hybrid neuromorphic computing platform.
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The aim of the project is to create an hybrid neuromorphic computing platform.
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Hybrid network, able to replace malfunctioning brain sectors
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Donald O. Hebb 1949

Richard Semon 1904

‘When an axon of cell A is near enough to excite a cell B and repeatedly or persistently takes part in firing it, some growth
process or metabolic change takes place in one or both cells such that A's efficiency, as one of the cells firing B, is increased

Neuron A
Som: Axon S a1 [ ]
8 o
a £ >\ A @
A .’1 Axo
[}
7
Q .
20 AR IRASry
Oo o WoOS\ &8 Vs
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Neuron B

Axon terminals

the strengthening of neuronal connections

Memory resides in specific “cell assemblies” (engram) formed by

Our goal:

build up an in-vitro engram
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Inducing memory with light: optogenetics AV (CHR2): pAVV-hSyn-hChR2(H134R)-EYFP

Wild type mice (C57BI6)
E17.5 embryos

AV
INFECTION
Coumesy of £0 Boyon's o0 O 2
DIV DIV
ChR2(H134R) -I
ChrgpeS
Cﬁrlmson

Normalized Activation

A (nm)
Excitation Wavelength

https://www.photonics.com/Articles/Lasers_Optics_Enhance_Optoge

&tics_Studies/a57283
O
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Microscope setup: how to create patternized illumination?

Emission Dichroic
filter filter —_—

— camera |

Camera - |

S—
GECTRA L|ght engm
mirror
Olympus
20x
0.5 NA
- N G')(%y ffj) = @
3 Top-down excitation Bottom-up excitation

Py neuromorphic
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Microscope setup: how to create patternized illumination?

Emission Dichroic
filter filter mirror
camera I
LED source
mirror
Olympus
20x
0.5 NA
Top-down excitation Bottom-up excitation
8 Digital Light Projector PHOTONIC CHIP
HBACKUP
o m DI_P g Py neuromorphic
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©c o Emission Dichroic
O o0 . ;
D > filter filter
o ET620-60 T585Ipxr

camera I

LED source

mirror

Blue LED: 460 + 14 nm
Green LED: 520 + 50 nm
Red LED: 617 + 9 nm

Temporalresolution~pus
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Digital Light Projector (DLP)

mirror

ul 128811)

dichroic

Mirror
T505lpxr-UF1

DLP

L 1h

We can excite any desired position of the field of view
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Intensity (a.u.)
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We have enough resolution and contrast to get localized illumination on single cells.
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Are we able to excite neurons?

Collect time-lapse data
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AF/F,eq = 0.0672 £ = 0.006 AF/F, ¢ = 0.0005 ¥ = 0.006
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half-field illumination
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SynActive (SA)

e ]

SA-Venus

Are we able to potentiate neurons?

10 trains of 13 pulses at
100 Hz repeated at 0.5 Hz

Synactive
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.‘ : \\ \ | Q
Y - 2 ¥ '
N o N P

AAV-ChR2
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>
0 2 11
DIV DIV
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AAV-CHR2: pAVV-hSyn-hChR2(H134R)-EYFP
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Immunocytochemistry
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Neuronal engram
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SynActive localization in dendritic spines

A i,,'_{_'i:\/eimaging L & I live imaging Live imaging ROI
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SynActive localization in dendritic spines
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SynActive localization in dendritic spines
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WHOLE FIELD ILLUMINATION

% of HA+ spines
normalized over control
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WHOLE FIELD ILLUMINATION
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2 LIGHT SPOTS 10 trains - doxy
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Conclusions

We integrated a DLP platform in a spinning disk confocal microscope to
perform selective single-cell excitation in in-vitro neuronal cultures.

LTP-like pattern = A subset of spines of the illuminated neurons (c-fos
positive) show potentiation (synactive positive)

Q

B
2 é =ZBACKUP
0 : o —~1 %, nﬁu;on'!orphlc
PROGEIT?RICERCADI T °° gng tc:‘::alcbsrain

RILEVANTE 'NTERESSE NAZIONALE



Acknowledg

HBACK

N neuromorphic
-mm photonics
=4 and the brain

erc

European Research Council

Established by the European Commission

esearch Counci
ation programme (g



TTX 20 min

0.8

©°
o 7))
w E 2.5 )
@ 8 £ 0 6 PY
'E — 2-0- Q - :
@ g + o
+ o 1.5; < 0.4
§ T T - o—*
= $1.0 -
°F S 0.2
2 £ 0.5 5°
—
o)
c 0.0 0.0
llluminated Not Not No Not GFP justTA  Just TA
neurons illuminated illuminated light illuminated light ¢ransf  transf.
neurons neurons activation neurons No light No light
(FOV) (controls) (controls) + doxy

7 .
3 SEBACKUP (L.
o m <~y @Y neuromorphic
o o <mm photonics
O ¥ and the brain g

PROGETT! DI RICERCA DI
RILEVANTE INTERESSE NAZIONALE



Optical reading of neuronal signals: calcium indicator
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Artificial Intelligence = neuromorphic computing

investigates novel architectures to improve efficiency, by
imitating the mechanisms of biological neural networks.
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Artificial photonic neuronal networks

Energy efficiency (low losses) and high bandwidth
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