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A BROAD SCENARIO
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Physics touches many different aspects of this field:
from the optics of the instrument design, to the interaction mechanism of light and matter, to biophysics (fundamental and diagnostics), to the design and
characterization of biomimetic materials



BIOPHOTONICS

Disegno e realizzazione di strumenti per la

spettroscopia ottica e per I'imaging spettroscopico.

Studio, anche a scopo diagnostico, delle proprieta
meccaniche e molecolari in cellule e tessuti quali
colture microbiche, tessuti ossei, placche di
Alzheimer, tessuti epiteliali sani e tumorali.

Spettroscopia e Imaging per I’Agricoltura di
precisione

Proprieta elastiche di sistemi nanostrutturati per
applicazioni di interesse biologico - Bio materiali
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NEW SETUP FOR SIMULTANEOUS p-BRILLOUIN AND p-RAMAN SPECTROSCOPY

F. Scarponi et al. PRX 7, 031015 (2017);

S. Mattana et al. Nature Light: Science & Applications 7, 17139 (2018);
R. Mercatelli et al. Nature: Comms Biology 2 117 (2019).




NEW SETUP FOR SIMULTANEOUS p-BRILLOUIN AND p-RAMAN SPECTROSCOPY
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Losso ha un'architettura sofisticata caratterizzata da : B YR
un'organizzazione gerarchica, a partire dal livello sub-micrometrico. :
L'imaging iperspettrale Raman e Brillouin, accompagnato dal SEM, &
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AGRICOLTURA DI PRECISIONE

Imaging di riflettanza. '" / C r e : ]
Comparazione risultati per piante officinali ed infestanti (o sane/malate PSR Q

. . . . . . - . ) . Consigho per la nicerca in agricoltura
Individuazione tramite machine learning delle regioni spettrali in cui le Reglone Umbria ¢ Tanalisi delleconomia agraria
piante officinali e infestanti (sane/malate) sono maggiormente distinguibili.

Sviluppo di strumentazione per I'acquisizione delle immagini 20 m -

Determinazione di un protocollo di riconoscimento tramite fotogrammetria
(drone aereo o terrestre).
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BIO MATERIALI

Biocompatible materials Functionalized Nano-particles Dental resins

(s,1,2) m=0

Mattarelli et al., Soft Matter (2012)
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https://doi.org/10.3389/fmed.2021.610189

M Bailey et al., Science advances (2020)
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FOTONICA APPLICATA A MATERIALI DI INTERESSE BIOLOGICO
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USING LIGHT TO PROBE AND IMAGE THE MATERIALS PROPERTIES:

BIOMECHANICS AND BIOCHEMISTRY

Mechanics in biology: Tissues and cells shape, size and also mechanical
properties strongly depend on their function

Muscle 2.5% agarose Bone Glass
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J Cell Sci (2017) 130 (1): 71-82 https://doi.org/10.1242/jcs.191742



USING LIGHT TO PROBE AND IMAGE THE MATERIALS PROPERTIES:

BIOMECHANICS AND BIOCHEMISTRY

Mechanics in biology

Tissues and cells shape, size and also mechanical

properties strongly depend on their function

Differentation

Stem cell

Cells 2019, 8, 1036; d0i:10.3390/cells8091036
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“for their discoveries of receptors
for temperature and touch”
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Simultaneous p-Brillouin and p-Raman spectroscopy

Living cells Biofilms Biomimetic materials :
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BIOMECHANICS AT SUBCELLULAR SPATIAL RESOLUTION
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BIOMECHANICS AT SUBCELLULAR SPATIAL RESOLUTION
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BIOMECHANICS AT SUBCELLULAR SPATIAL RESOLUTION ON TISSUES

Human cornea
The first in vivo Brillouin imaging effort was reported by a

team at Harvard Medical School, aiming at evaluating
biomechanical properties of cornea and crystalline lens in

animal models, and then in human in 2012.
JAMA Ophthalmology April 2015 Volume 133, Number 4
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Peng Shao et al., Scientific Reports | (2019) 9:7467 | https://doi.org/10.1038/s41598-019-43811-59



Biomechanics at subcellular spatial resolution on tissues
SHG-Imaging

Cornea
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The use of a correlative approach was the key to achieve a deeper morphological interpretation COMMUNICATIONS

of the mechanical properties, otherwise inaccessible to ordinary methods based on a single B'OLOGY
mechanism of optical contrast. Mercatelli et al. 10.1038/s42003-019-0357-y
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Biomechanics at subcellular spatial resolution on tissues
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