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We aim to understand:

Brain circuit function, in vivo, at systems level, by characterizing neuronal network activity and
analyzing patterns of activity within local and wider networks;

How distinct patterns of activity support distinct behaviours;

How rhythms of the brain are affected by the circadian rhythm and sleep-wake cycle;

How these processes are disrupted in model organisms of brain diseases



Neuronal information is transferred along specific neuronal circuits

86 billions of neurons (humans)
100 millions of neurons (mice)
1 neurons up to 100.000 connections




Brain neuronal circuits generate pattern of activities /oscillations that support sensory,
cognitive and executive functions

Comparison of EEG Bands
H'“ ” M N” 'M 1& F\ 4 3 2 4 0 1 2 3 4 5 6InHz
[ ] 1 [ [} 1 1 1 1 1 '} 1
200-600 Hz, ultra fast r—o—cl
Gamma: 30-100+ Hz 80-200 Hz, fast —e—i
30-80 Hz, gamma p—a—i
* 10-30 Hz, beta —e—
Beta: 12-30 Hz ; § 4-10 Hz, theta —e—
o
&)
Alpha: 8-12 Hz
Wf\/\/\ P
15-40 s, slow 4
Theta: 4-7 Hz i o
| J | J L} | J ] | J | J L} | J | J L}
0.05 0.37 2.72 20.09 148.41
\/\/\/ Buzsaki and Draghun, 2004

Deilta: 0-4 Hz
Berger, 1929, EEG



Rhythms of the brain are regulated by GABAergic inhibitory interneurons
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Intracellular CI- concentration determines GABA response polarity

High [CI];in immature neurons Low [CI];in mature neurons
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More recently it has been shown that the inhibitory tone and therefore
neuronal excitability, varies in a much more dynamics manner:

- Circadian rhythms (Pracucci et al., 2023, Alfonsa et al., 2023, Lodovichi
et al.,2023)

- Developmental disorders ( Maset et al., 2021, Deidda et al., 2015)



The mouse as a model to study the brain
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The olfactory bulb as a hub

Connected to several higher brain regions
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OB and higher connected regions allow to investigate
sensory and cognitive functions



Altered patterns of neuronal activity and aberrant oscillations are among the
first signs in several neurodevelopmental/neuropsychiatric disorders AND in
neurodegenerative diseases

We are interested in studying patterns of neuronal brain circuits dynamics in

-Physiological conditions, along circadian rhythm, and in the sleep-wake cycle

- Mouse model of disorders ( neurodevelopmental disorders, such as ID-ASD,
and in neurodegenerative diseases, such as Parkinson'’s disease)



Experimental approaches

1. Behaviour
2. high density electrophysiological recordings, in vivo

3. two photon functional imaging, in vivo

These approaches are used to study the following brain regions:
olfactory bulb, prefrontal cortex, visual cortex



We perform different behavioural tests
In the following slide, an example of one of the test we use
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The olfactory bulb exhibits a wide range of different patterns of activity

; LFP
3 T \ T \ T \ T T T
é DWWM“M MWM%NW
% 05 w 15 2 2 3 3% ! 5 5
fime/s]
LFP theta
1 L T | L, i odor presentation modifies beta and gamma oscillations
£ IRl Mg NS Mg AN A s ’M““-“\,/“‘\NW‘”’\J\Mﬁ/N o M 1-12 Hz
= | | | 1 | | | 1 | ,
0 05 1 15 2 25 3 3% 4 5 5 . Power (u\V?)
fime|s] ‘
LFP beta
(
N
, I
0 05 f 15 2 25 3 35 4 45 5 e
fime s] 2
LFP gammat ()
S W I \ | \ | \ | I | §'
e ! 40-70 Hz o
Sy | | | 1 | | | 1 |
0 5 1 15 2 25 3 3% 4 5 5
fime/s]

LFP gamma2
|
70-100 Hz
| odor onset
0 05 1 15 2 2 3 3 4 45 5
fime|s]
Breath .
0% | Martin Ravel 2014
08
08 :

0 05 1 15 2 25 3 35 4 45 5
fime]s]



102
Frequency (Hz)

Spikes power spectrum

(gp) 1emod

;
©
©
g c
S
23
5
—~ : : : :
o : : : :
~ H H H H
c : : : :
i I ...nlIUI : P i
] | - CH]"H-|||”.I“|M_I-|”|-
o T} o () = =
I3 = ;

stimulus

30 pVv
Time after stimulus (s)

0.5ms

>
S £
o) =
. o)
© oY

:

0 mm

% L

\—
m@@@m@E@ @E@E@E@m@ iz
m@@mmmmmm m@mmmmmm

~

electrodes VEP depth profile

/

E

probe
/
{
f‘
10 mm I —

/

383-384 [m]

Neuropixel 1

Recording population of neurons with high density silicon probes: Neuropixel 1.0



Neuropixel 2.0
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Recording with high density silicon probe ( Neuropixel 2.0) in OB and PFC
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Recording populations of neurons with single cells resolution by 2 photon imaging

Two photon Calcium imaging

Imaging
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|dentifying ensembles of neurons in the recorded population
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A new genetically encoded sensor for Chloride: iClima
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Imaging intracellular Chloride in neuronal populations in awake behaving mice

Erko Beyene, Lodovichi lab



Visual stimuli elicit distinct Cl- responses in cell soma and dendrites
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The analysis of large datasets necessitates the use of varied computational approaches.

This is another important aspects of the work in the lab, that we do within the lab and in
collaboration with computational scientists



We are looking for highly motivated and creative students!

If you are interested, please write to me at:

claudia.lodovichi@cnr.it

Institute of Biophysics
CNR Pisa
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