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When there is a terrific starry night, Mr Palomar says:
| have to go watching at the stars

ITALO CALVINO
PALOMAR

siNaum

ltalo Calvino (Santiago de Las Vegas de La Habana, 15 ottobre 1923 — Siena, 19 settembre 1985)
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Since the early years of the Galileo Galilei’'s “Occhialino” -

“ un occhialino per veder da vicino le cose minime” - brillantly
renamed, on April 13th 1625 in a letter written to Federico .
Cesi, as “Microscopium” by Johannes Faber (1574-1629), it '
was evident the potential of such an optical tool.
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un grande esperimento che vuole realizzare un metodo per I'ordinamento scientifico’
di tutte le conoscenze sul mondo fino-ad allora raggiunte e in costruzione,
unendo il segno scritto e quello figurato. :
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FIRST COMPUTER PROGRAMMER

1 1 “I want to put in (® ® |
The Bnalyuca] Englne something about
Bernoullt’s Number, in o000
Lovelace’s program turned a complex one of my Notes, asan (I N N
formula into simple calculations that could  example of how an L N N N
be encoded on punched cards and fed into  explicst function may be oo o0 e
Charles Babbage's Analytical Engine, a worked out by the engine, Y B AN
mechanical computer that he designed but  without /mw'nﬁ been o0 o0
never built. She published itin 1843, a worked out by human 'R R LY
century before the modern computer age. head and hands first. ™ ee o0
o9 a0 0
o) L N
X 1 PR
B - r 2 2 o o il
RS 3D S O
A Universal Computer "Su/zpon‘ng, fOf instance, that the

Sfundamental relations of pitched
sounds in the science of harmony
and of musical composition were
susceptible of such expression and
adaptations, the engine might
compose elaborate and scientific

“The Analytical Engine weaves algebraic patterns just pieces of music of }xr:)' dtgr ee of
as the Facquard loom weaves flowers and leaves. ™ complexity or extent.”

Lovelace did more than write the first computer
program. She was also the first person to realise that
a general purpose computer could do anything, given
the right data and instructions.

Augusta Ada King, 1 4 .
Countess of Lovelace
Born: 10 December 1815 C E

Died: 27 November 1852
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The four images of digital microscopy. The microscope forms an optical image of the specimen.This is digitized to produce the digital image,
which can be displayed and interpolated to form the continuous image. The displayed image allows the original image to be visualized.

Optical

Image
@ —| Digitization

Displayed
Image
Obijective Interpolation
Lens
10 ’
Continuous
Image
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LL"\\ ~_ PROCESSING
Specimen

—  Fatima A. Merchant, Alberto Diaspro,Chapter 11th - Three-Dimensional Imaging,
Editor(s): Fatima A. Merchant, Kenneth R. Castleman,
Microscope Image Processing Academic Press, 2023
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3D representation of biostructures imaged with an optical microscope
A Diaspro et al

Plaie 4. Top view of chromatin
lavouts. The pixel intensity is direc-
ticnally proportonal to the distance
of the observer [rom the optical
secrion contributing (0 the overali
picture

LINF I XED

Plaie 10. Four 3D representations of differently viewed chromatin layouls
(see text)

A.Diaspro et al., mage and Vision Computing, 1990
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Emerging Mueller martrix microscopy applications
in biophysics and biomedicine
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Main super resolved fluorescence methods
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Single Molecule and St
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Two-Photon Activation and Excitation Properties of PA-GFP in the
720-920-nm Region
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Single molecule photodynamics by means
of one- and two-photon approach

Giuseppe Chirico'*, Fahio Cannone' and Alberte Diaspro’

oer resolved Microscopy

nature|methods

Techniques for ife sclentists and chemists

www.nature, /nature

Single-wavelength two-photon excitation-
stimulated emission depletion (SW2PE-STED)
superresolution imaging | DN AS
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namure methods

‘? | STED super-resolved microscopy
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Multi-modal molecular content

Slide Credit: Francisco Balzarotti - Interpretation by DALL-E



Giovanni Battista Amici, microscopio ottico 1812, Museo "Giovanni Boato", Dipartimento di Fisica, Universita degli Studi di Genova



A microscope is an instrument magnifying objects by means of a specific interaction —

more commonly by means of lenses — so as to capture details invisible to the naked eye.
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Why tluorescence?

* 1ts pretty!

* it provides information on
the molecular environment

Fluorescent

* it provides information on Probe
dynamic processes on the
nanosecond timescale

Credit:David Jameson

Fluorescence Probes are essentially
molecular stopwatches which
monitor dynamic events which
occur during the excited state
lifetime — such as movements of
proteins or protein domains










»  3DSIM acquisitions of 4-
color stained samples

(FOV. 15 pm?)

» Nuclear Pore
Complex

» Laminor
Progerin
eGFP

» DNA
Hoechst

» Histone
H3K9me?2

[M. Oneto, et al.
Biophysical Journal,
2019]

[I. Cainero, et al.
Sensors, 2021]

[I. Cainero, et al.
Biophysical Reports,

in prep. 2023] DiasproLab - Isotta Cainero, PhD N-SIM, 100x oil immersion 1.49 NA
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PROPOSITIO I

Lumen propagatur feu diffunditer non folim Direfts,
Refracte, ac Reflexe, fed etiam alio quodam
Quarto modo, DIFFR ACTE'.
Bty o8 B s, OB B
B 550 G Gl Gl ~

Francesco Maria Grimaldi, Physico-mathesis de lumine, coloribus et iride (Bononiae, 1665).
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G. Toraldo di Francia, Rev. Opt. 28, 597 (1949).
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Rezolving Power and Information

(3 Towarne o Poasoia
{otiaio Nazieua's & e, droavi-Florescs, aly
(Recdved Jaowosy 21 1985

The tdepross of Feedom of an image: farmed by any meal rstroment are ool 1 nte numde, wbile thosse
thiwe of the oblect are an infindie numter, Severs] ciement okbjecte may correrpond to the mme Ieage.

It is shown that in the case of coherent dlumication o lunge class o objects corresponding to 1 gwon
fetage aus be found wery easddy. Twopeint sesclution L impossible unlee the cbaerver ban a priori an

infrite semount of informatizo about the oaject,

XTRODUCTION

HE theoary of resoowving awer is onderpaing 2
transformation. Meny workers agres that it
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salialetory,
In tha firsz place it way bz remarked that the
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ongular sepaxetion of twe poluts, which can we seen o
distings. with wn inst-umunt isving o cincalar pupil of
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af the inzlrawent, Tt validiy i lhnitel o o given
voeptor anc can be azcectained ovly by an expesiment.
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one and the xame recemtar, the ability o resalve too
poads isindlacaced o2 wmean extent By e light ine
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recsptess, detecting the diference bevwein the image
of & single poivt and he mage of two points located
cloarr and cleser to one another. This means that gt
present there is only 2 practizal Fimit (if any) and not a
tiapraticad limit for two-point resolving power.

In the second place, It 2 well known that the value
of the resalvieg power, when measured experimentally,
tures qut to depend substantinlly on the shape of the
tesl abject taol. Sels of sointe or of lines, circles, stars,
Fondelt rings, and many other pattems bave been
cmploved &3 1oL ebjeciz with difarent walves of ron-
Lesl, sond cacls one gives a different rezult, After so
many vestigutiors azout resalving power, anc cannol
escape Lhe dizconrmaging corcluzion that a vary common
semtence like: “The resolving power of such destrument
baz such value" LAz 10 macarving. Resalving power is
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Super-Resolution in Confocal Imaging
(pixel reassignment)

! Sheppard C.JR., Optik, 80(2):53-54 (1988)

Image Scanning Microscopy (ISM)
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- _— | Muller C.B., Enderlein J., Phys. Rev. Lett, 104:108101 (2010)

_ Joumal orthe
Optical Society A

ct Ameance
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Image formation in image scanning microscopy,
including the case of two-photon excitation

Coun J. A. Sucrparn,'™ Marco Castocuc,'? Goacio Tortarao,™ Guuscere Vicioomw,'
AND AwocaTa Diaseno 2
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the first detector array specifically designed for microscopy

Time jitter 120/150 ps
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Nikon
features:

| e Genoa
¢ /5 pum pitch

¢ cach detector: 50 pm x 50 pm active area

: 502 o, ( future improvement:
¢ fill factor = == 44@( micro lenses array )

¢ 25 TTL-like signals, up to 20 MHz
¢ PDE up to 45%
¢ dark count <100 cps @25°C

< 1%

< 0,2%




nature|methods BRIEF COMMUNICATION

M.Castello et al. (2019)

A robust and versatile platform for image scanning
microscopy enabling super-resolution FLIM

20x water FLIM
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down to
100 nm

CONFOCAL
MICROSCOPE
(state-of-the-art)
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AX

AX R
with NSPARC

Confocal based Super Resolution Microscope

Nikon
NSPARC

Shedding New Light On MICROSCOPY
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5 NSPARC Specifications

An Inside Look
The confocal-based super-resolution microscope AX/AX R with

NSPARC. This development started at the Istituto Italiano di
Tecnologia.

The origin of NSPARC is in the I'T (Italian Institute of
Technology). We interviewed Professor Aloerto
Diaspro, Dr. Paolo Bianchini, and Dr. Giuseppe
Vicidomini, who worked on research and
development at the Nikon Imaging Center (NIC@IIT)
and the Mclecular Microscopy and Spectroscopy
(MMS) Lab in the IIT.
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arco Castello, Colin J. R. Sheppard, A : \o eppe ici domini,
Image scanning microscopy with a quac ‘“ ‘J .ok" 40,.5355-5358 (2015)
CO|IIfJ R. Sheppard, Marco Castello, Gio gic orte ppe Vicidomini, and Alberto
Diaspro, "Image formation in image scanning mlcroscopy, mcludmg the case of two-

photon excitation," J. Opt. Soc. Am. A 34, 1339-1350 (2017)
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Super Hesolution

N/« for realistic, quantitative descriptions at nano-scale resolution of the dynamics of the complex,
multidimensional molecular biological processes that define the phenotypes of all life forms.”

Mans Ehrenberg Nobel Committee for Chemistry - Scientific Background on the Nobel Prize in Chemistry 2014
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* = fluorescent probe

Prakash, K. & Curd, A. P. Assessment of 3D MINFLUX data for quantitative structural biology in cells. Nat. Methods (2022).



SUPER RESOLVED FLUORESCENCE MICROSCOPY (.
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nature methods

..\~ | STED super-resolved microscopy

1

%1 Giuseppe Vicidominil®®, Paolo Bianchini*®® & Alberto Diaspro*?

PUBLISHED ONLINE 29 JANUARY 2018; D01:10.1038/NMETH.4593 NATURE METHODS | ADVANCE ONLINE PUBLICATION |
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Intensity

ENCODING TIME - DECODING SPACE
Decoding of hidden spatial information
The challenge of increasing spatial resolution in

icroscopy is translated Into a spectroscopy problem
~
1T

I(x,y,t)
e OCQ
Time

For instance, spatial information can be ‘encoded’
in the temporal dynamics of fluorescence

DiasproLab - L.Lanzano, et al. Nature Comm.(2015)
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©-STED

Confocal Convemlonal STED 7-STED

COIED e e ‘e

T-STED 660 at extremely low STED power on COS7 cells immmunostained for nuclear pores
(NUPs). The primary antibody recognizes several proteins of the nuclear pore basket, so the
NUPs are labeled in the central region and as a result they appear as point-like-structures.

Leica Microsystems | Dr. Julia Roberti | October 2020 a
© Leica Microsystems GmbH. Registered Office: Wetzlar. All rights reserved, also regarding any disposal, exploitation, reproduction, editing, distribution, as well as in the event of applications for
industrial property rights. wa
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Image credit: Paolo Bianchini, DiasprOLab confocal = “ [ STED
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ﬂ abber-ior

Paraffin section of gut biopsy stained for Ki67 (abberior STAR ORANGE), Muc?2 (abberior STAR RED), and DAPI.


https://abberior.shop/abberior-STAR-ORANGE
https://abberior.shop/abberior-STAR-RED

NANOSCOPY

Single molecule approach

NSTORM

20 ms/frame - alfa-tubulin

Diaspro Lab - Francesca Cella Zanaccchi project

localization precision 15 nm



NANOSCOPY

Single molecule approach

NSTORM

20 ms/frame - alfa-tubulin

Diaspro Lab - Francesca Cella Zanaccchi project

localization precision 15 nm



IML SPIM

(Individual Molecule Localization - Selective Plane lllumination Microscopy)
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Activation laser: 405-100mW
Readout laser: 561nm 200mW

Cella Zanacchi F., Lavagnino Z., Perrone Donnorso M., Del Bue A., Furia L., Faretta M., Diaspro A.
Nature Methods (2011)
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IML-SPIM

IML-SPIM image of human mammary MCF10A cell

spheroids expressing H2B-PAmCherry.

'z |

NATURE METHODS | VOL.8 NO.12 | DECEMBER 2011 |

DiasprolLab



IML-SPIM

IML-SPIM image of human mammary MCF10A cell E’
SpherOidS eXpreSSing HZB'PAmCherry NATURE METHODS | VOL.8 NO.12 | DECEMBER 2011 |

DiasproLab



IML-SPIM

Z=70pum

IML-SPIM image of human mammary MCF10A cell
SpherOidS eXpreSSing HZB'PAmCherry NATURE METHODS | VOL.8 NO.12 | DECEMBER 2011 |

DiasproLab



IML-SPIM

Z =100 pm

& J

IML-SPIM image of human mammary MCF10A cell
SpherOidS eXpreSSing HZB'PAmCherry NATURE METHODS | VOL.8 NO.12 | DECEMBER 2011 |

DiasproLab



ONE g,

1989 - CHANG = LENDL



ONE g,

1989 - CHANG = LENDL



Jgnv (L

) . . _ Jahaw Tl
Jy- pEe UL
‘H

-ot= 400 ns
0 2 0
¥ pos. (nm}

L

- | M3

al. PVAS, 115, 6117-6122 (2016)




===FlIrst expariment

1994
1995

1999

Wide field
SMLM

MINFLUX

SIM+SMLM

Iterative
MINFLUX

MINSTED

OstEp X
J1+1/Is
1
Ocam X
VN
OMF o —
VW
Diaspro A., et al. (2006) Optics Express
1 1
g oC —
SIM JN 2.4
g; -
Nk Seelife
1 1

@BalzarottiFran



ﬂ abberior

Localization precision:
better than 2 nm

Localization rate:
10kHz

MINFLUX

: ,;\", g

Typical track length:
> 28000 @ 20 nm precision

500 nm

Two-color confocal and MINFLUX images of Tom20 (green) and mitochondrial DNA (red) stained with sCy5 and CF680 in mammalian cells using indirect immunolabeling.



ﬂ abber-ior

Two-color MINFLUX on mitochondria samples. The mitochondrial proteins TOM20 (green)
and mtDNA (red) were labeled in mammalian cells with indirect immunofluorescence using
secondary antibodies coupled to sCy5 and CF680. Two-color confocal (A) and MINFLUX (B)
was performed using a ratiometric detection strategy. Please note that the labeling density of
both structures is highly dissimilar. For TOM20 single proteins are labeled in the
mitochondrial membrane, whereas numerous binding sites are decorated in the
MtDNA. MINFLUX enables the visualization and separation of both structures.



abber-ior

Two-color MINFLUX on mitochondria samples. The mitochondrial proteins TOM20 (green)
and mtDNA (red) were labeled in mammalian cells with indirect immunofluorescence using
secondary antibodies coupled to sCy5 and CF680. Two-color confocal (A) and MINFLUX (B)
was performed using a ratiometric detection strategy. Please note that the labeling density of
both structures is highly dissimilar. For TOM20 single proteins are labeled in the
mitochondrial membrane, whereas numerous binding sites are decorated in the
MtDNA. MINFLUX enables the visualization and separation of both structures.



ﬂ abber-ior
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Two-color MINFLUX on mitochondria samples. The mitochondrial proteins TOM20 (green)
and mtDNA (red) were labeled in mammalian cells with indirect immunofluorescence using
secondary antibodies coupled to sCy5 and CF680. Two-color confocal (A) and MINFLUX (B)
was performed using a ratiometric detection strategy. Please note that the labeling density of
both structures is highly dissimilar. For TOM20 single proteins are labeled in the
mitochondrial membrane, whereas numerous binding sites are decorated in the
MtDNA. MINFLUX enables the visualization and separation of both structures.



ﬂ abber-ior

MINFLUX image of axonal Bll spectrin in
primary hippocampal neurons with <2 nm
resolution. Note the periodic arrangement of
spectrin along the axon, and the absence of
any details in the confocal counterpart image.
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MINFLUX image of axonal Bll spectrin in
primary hippocampal neurons with <2 nm
resolution. Note the periodic arrangement of
spectrin along the axon, and the absence of
any details in the confocal counterpart image.
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No limits, Jonathan? he thought, and he smiled. His race to learn had begun.

Richard Bach
Jonathan Livingston Seagull
Scribner, New York, 1970
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Polarized Light

slide credit; Aymeric Le Gratiet, Riccardo Marongiu, Diaspro Lab
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Polarized Light

slide credit; Aymeric Le Gratiet, Riccardo Marongiu, Diaspro Lab



George Gabidl

6/2021

Stokec Stokes Vector
(1E€29-3903)
5 la
OURNAL OF ]
e \.' ! }-;' - I--
33 g — 1,
PHOTONICS o [ s
Hans Vive ler —_—
(1900-1965) | g,
www.biophotonics-journal.org )
Polarimetric optical scanning microscopy of rebrafish ‘. :[ y ")

embryonic development using the cohw'ency malrix
Avrmene Lo Gratel. Arten Bencdland, CoinJ. R. Sheppard

Aberto Dvaspv o

; ‘: condenser
= 3

chject plare - - =~

. 7
pupil plane F— -

TL

/V
’x scan head

Light scurce B M

|
CF L

DMz o

CF \} 'SPAD Array

L

: - - -1IMagqes planes
sinhole @%@? g2 p

I -

WILEY-VCH A.Diaspro et al. Rivista Nuovo Cimento, August 2023 - open access



O.Arteaga O. Lab
Department of Applied Physics and Optics

Cetonia Aurata beetle, structural chirality = University of Barcelona

i . 1.000

| Mo1 MO2 0.600
|
B =% S
| - - 0.200
M0 M11 M13
--(0.200
M20 M21 M23
~ " B -0.500
- e e ,‘? .
'Ns ‘s“~‘ '.-' - -
| M31 M32 |- “"‘\b AT S R
T ~-1.000

Arteaga, Oriol & Kuntman, Ertan. (2014). Beyond polarization microscopy: Mueller matrix microscopy with frequency
demodulation. Proceedings of SPIE - The International Society for Optical Engineering. 9099



DiasproLab

&

CD=AL‘AR

\ chiral

.

sample

I.(0) — Iz(0)
I,(0) + Iz(0)

CIDS(6) =

A.Diaspro, Cell Biophys.1987
A.Diaspro et al., IEEE TBE 1991

A.Diaspro et al., IEEE TBE 1995

Light vs. chromatin interactions modelled by dipole approximation
method implemented in ADDA code by discretizing the scattering object
of an arbitrary shape into an array of polarizable point dipoles. (M.A.
Yurkin, A.G. Hoekstra, 2011, J. Quant. Spectrosc. Radiat. Transfer)

Ashraf M.W., Diaspro A. (2022) On the structural organization of macromolecules using chiral
sensitive differential scattering of circularly polarized light. Optics Communications. 522: 128639.
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Series Volume [um®] Surface [:m*] Comp. IntDen[A ('] Mean StdDev Ch. Comp [%]
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Ill. Niklas ElImehed © Nobel Prize lll. Niklas ElImehed © Nobel Prize lll. Niklas Elmehed © Nobel Prize
Outreach Outreach Outreach
Alain Aspect John F. Clauser Anton Zeilinger

The Nobel Prize in Physics 2022 was awarded jointly to Alain Aspect, John F.
Clauser and Anton Zeilinger "for experiments with entangled photons, establishing
the violation of Bell inequalities and pioneering quantum information science"

The Nobel Prize in Physics 2022. NobelPrize.org. Nobel Prize Outreach AB 2022. Wed. 16 Nov 2022.






CRQUND STATE

D.J. Lum et al., "Witnessing the survival of time-energy entanglement through biological tissue and scattering media," Biomed. Opt. Express 12, 3658-3670 (2021)
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D.J. Lum et al., "Witnessing the survival of time-energy entanglement through biological tissue and scattering media," Biomed. Opt. Express 12, 3658-3670 (2021)
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The Nobel Prize in Physics 2022. NobelPrize.org. Anton Zeilinger Nobel Prize Speech.
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Gabriela Barreto Lemos, Victoria Borish, Garrett D. Cole, Sven Ramelow, Radek Lapkiewicz & Anton Zeilinger Quantum imaging with undetected photons. Nature 512,

409-412 (2014).



Conventional image

Raman signal (dB)

Catxere A. Casacio, Lars S. Madsen, Alex Terrasson, Muhammad Waleed, Kai Barnscheidt, Boris Hage, Michael A. Taylor & Warwick P. Bowen.
Quantum-enhanced nonlinear microscopy. Nature 594, 201-206 (2021).
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Satellite-Based Entanglement Distribution Over 1200 kilometers

Liao, SK., Cai, WQ., Liu, WY. et al. Satellite-to-ground quantum key distribution. Nature 549, 43-47 (2017). Jian-Wei Pan Lab - Zeilinger alumn
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