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AIM OF THE PROJECT: to investigate the relation between mechanical properties and biological function in cells
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AIM OF THE PROJECT: to investigate the relation between mechanical properties and biological function in cells
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Several techinques can measure mechanical
properties of cells
BUT
require physical contact with cells or lack
subcellular resolution

Brillouin micro-spectroscopy

a) i : _." g i
k1, g
A®
Detlevczt;r& - iy
Scattered light . . N
- m 0 +O
et i T : Frequency shift
Light interacts with spontaneous acoustic waves

28/10/2022 ALESSANDRA ANNA PASSERI 3



d Normal

Brillouin / _ _\\\

@ . @ H Eye retina

Gels

Zebrafish Brillouin micro-spectroscopy
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Light interacts with spontaneous
acoustic waves
!
that are related to the mechanical
properties of the sample
Eve retina (longitudinal module [GPal])
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My PhD. project is divided in three different parts:

1. Investigation of mechanicals properties in microstructured materials

Laser beam
Circunferential —= psteon Scattering
lamellae Y| volume
Trabecular Bone
Haversian Canal Osteocyte
Lamella
(3-7 pm)
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My PhD. project is divided in three different parts:

1. Investigation of mechanicals properties in microstructured material

Laser beam
Follow up from master thesis: Circunferential —=S Osteon o
lamellae : e valime
BLS on thin films it
, |
Trabecular Bone X
Substrate Haversian Canal Osteocyte
e 1 Lamella
(3-7 pm)
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Bulk Samples:

Iy 4Aw w?

1) = T (f2 — 02)2 + 4(Aw)2w?

A.A. Passeri; A. Di Michele; I. Neri; F. Cottone; D. Fioretto; M.
Mattarelli and Silvia Caponi, Size and environment: the effect of
phonon localization on Micro-Brillouin imaging (Submitted)
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Thin films:
c)

experimental data

Bulk Samples:

backscattering —— model

con radiazione perpendicolare
alla superficie
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A.A. Passeri; A. Di Michele; I. Neri; F. Cottone; D. Fioretto; M.
Mattarelli and Silvia Caponi, Size and environment: the effect of
phonon localization on Micro-Brillouin imaging (Submitted)
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Bulk Samples:

Thin films:

backscattering
con radiazione perpendicolare
alla superficie

onel

Substrate

(i) Brillouin intensity
depends on the film
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A.A. Passeri; A. Di Michele; I. Neri; F. Cottone; D. Fioretto; M.
Mattarelli and Silvia Caponi, Size and environment: the effect of
phonon localization on Micro-Brillouin imaging (Submitted)
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Bulk Samples:

Thin films:

experimental data

backscattering
con radiazione perpendicolare
alla superficie
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A.A. Passeri; A. Di Michele; I. Neri; F. Cottone; D. Fioretto; M.
Mattarelli and Silvia Caponi, Size and environment: the effect of
phonon localization on Micro-Brillouin imaging (Submitted)
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(ii) and on acoustic
mismatch between

media
Interface Acoustic mismatch (Zg) Trasmittance Reflectance
PMMA + air 8.8 10 0 1
PMMA + Silica 6 047 0.53
PMMA + H,O 2 0.89 0.11
PMMA + Glycerol 0.8 0.99 0.01

A.A. Passeri; A. Di Michele; I. Neri; F. Cottone; D. Fioretto; M.
Mattarelli and Silvia Caponi, Size and environment: the effect of

phonon localization on Micro-Brillouin imaging (Submitted) )
A
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My PhD. project is divided in three different parts:

2. Optimization of the setup in order to investigate cells

SED j
= B »\ //

Sample Holder for cells — design

Sample

Objective

&
& _ Micro-stage

x< Y ‘ hoo
Inverted . . Thanks to Giu'lio Capponi
. XYZ stage (micron resolution) (Dep. Of Physics UNIPG)

MICroscope

|

Possibility to acquire maps
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My PhD. project is divided in three different parts:

3. Brillouin analysis of cells

Probing cells is not easy!

- Micrometric dimension
- Consisting of different compartments
- Limited lifetime
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My PhD. project is divided in three different parts:

3. Brillouin analysis of cells < '

Probing cells is not easy!

- Micrometric dimension

— peak fit
M cell contribution
------ water contribution -

We implemented a function fit
able to separate water and cell
contribution

Brillouin intensity (a.u.)

frequency shift (GHz)
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3

My PhD. project is divided in three different parts:

- -u-..-.-.
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frequency shift (cm~—1)

3. Brillouin analysis of cells

Raman intensity (a.u.)

Probing cells is not easy!

- Consisting of different compartments
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My PhD. project is divided in three different parts:

3. Brillouin analysis of cells

Raman intensity (a.u.)

Probing cells is not easy! 500 1000 1500 2000 2500 3000 3500 4000
frequency shift (cm~?)

- Consisting of different compartments
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My PhD. project is divided in three different parts: St
©
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3. Brillouin analysis of cells E i
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Raman analysis allows us to distinguish

nucleous from cytoplasm
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My PhD. project is divided in three different parts:

3. Brillouin analysis of cells

Probing cells is not easy!

Fresh cells:

- Limited lifetime (‘ Linear maps

4% PFA fixed cells:
XY maps

28/10/2022 ALESSANDRA ANNA PASSERI 21




We acquired mechanical maps on different type of cells:

HEK CELLS

N | _
Frequency Shift (GHz) Peak Width (GHz)

(zHD) H1ys Aduanbauy

(ZHO) YIpIM Mead
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Preliminary results on HEK293T cell line presenting

WT OVER KO mechanosensitive ion channel Piezo1l:

Piezo1

- Wild-type (WT) HEK293T cells
- Piezol overexpressing (OVER) HEK293T cells
e - Piezol knock-out (KO) HEK293T cells

Actin

2.0

1.5

1.0

0.5-

Piezo1/Actin (arbitrary units)

0.0-
WT OVER KO

Sforna L. et al. J Cell Physiol. 237(3) (2022).
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Morphology measurement of HEK cells
(University of Glasgow — August 2022)
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Recap:

- We optimized the Brillouin-Raman micro-spectroscopy setup to investigate cells
- We were able to describe the mechanical properties of microstructured samples
- We successfully acquired mechanical maps on different type of cells

et Seps:

- Mapping analysis of HEK cell -> to understand the relation between the
mechanical properties and the channel expression
- Mechanical analysis on fresh living cells and comparison with data acquired on

fresh cells \
Cell incubator on the way!
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Courses: Schools:

- Nanosystems and advanced materials; - BBMS5 (5th BioBrillouin

- Introduction to Data analysis and data formats; Meeting) Virtual Training

- Introduction to basic programming in School — Online
Biotechnologies; - Winter school of

-  Femtobiology; Biotechnology

- Two-Photon Absorption for Bio-Applications;

Conferences:

- 5th BioBrillouin Meeting
(BBM5) - Online

- XXVI Congresso Nazionale
SIBPA — San Miniato (PI)

International activity:
- Research activity at University of Glasgow —
August 2022

Articles:

- S. Caponi, A.A. Passeri, G. Capponi, D. Fioretto, M. Vassalli, M. Mattarelli “Non-contact
elastography methods in mechanobiology: a point of view”, Eur Biophys J 51, 99-104 (2022)

- M. Mattarelli, G. Capponi, A.A. Passeri, D. Fioretto, and S. Caponi, Disentanglement of Multiple
Scattering Contribution in Brillouin Microscopy, ACS Photonics 9 (6), 2087-2091 (2022)

- A.A. Passeri; A. Di Michele; I. Neri; F. Cottone; D. Fioretto; M. Mattarelli and S. Caponi, Size and
environment: the effect of phonon localization on Micro-Brillouin imaging (Submitted)
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Collaborations:

Dep. Physics, Geology (UNIPG) and

CNR:

- Silvia Caponi (CNR), Maurizio
Mattarelli, Martina Alunni
Cardinali, Daniele Fioretto, Igor
Neri

Dep. Chemistry, Biology and

Biotecnology (UNIPG):

- Chiara Argentati, llaria Tortorella,
Sabata Martino

Dep. Of Biomedical Engeneering

(University of Glasgow):

- Massimo Vassalli, Sabah Sardar,
Camilla Romagnoli

Dep Physics (University of Genova):
- Claudio Canali, Sajedeh Kerdegari
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film film + water film + glycerol BACKUP

(ii) and on acoustic
mismatch between
media
Acoustic mismatch is
Interface Acoustic mismatch (Zp) ‘ ' ‘ ’ related to the peak width:
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