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Alberto Diaspro 

Il microscopio ottico 
intelligente:  

dalla fluorescenza al label-free  
a super risoluzione 

molecolare. 



early days...

Premio Fermi - Fisica 2024



“L’impero delle luci: il supermicroscopio ottico per studiare il vivente su scala molecolare.” 
Se per te va bene questo è il titolo. 

Affiliazioni 
Alberto Diaspro 

Professore ordinario di Fisica Applicata all’Università degli Studi di Genova. 
Direttore di ricerca in Nanoscopia all’Istituto Italiano di Tecnologia. 

Abstract 

“Oggi, con la luce colorata dell’arcobaleno e un pezzo di vetro curvo siamo in grado di studiare il vivente 
molecola per molecola, cellula per cellula, tessuti e organi ad una scala molecolare. Riusciamo a vedere 
come si organizzano DNA e proteine nello spazio e nel tempo dal miliardesimo di metro e di secondo per 

minuti e ore. Usiamo molecole colorate come bandierine da posizionare sulla mappa del nostro corpo o più 
semplicemente il modo in cui la luce si combina con le nostre cellule e ci permette di capire se siamo in 

salute o meno, se abbiamo delle patologie e se ne guariremo o meno con una certa cura. La luce 
dell’arcobaleno e il pezzo di vetro curvo alleati con l’intelligenza artificiale aprono una nuova finestra sulla 

nostra capacità di prevedere il nostro stato di salute o, ad esempio, lo stato di contaminazione da patogeni di 
un certo ambiente. La frontiera più recente della microscopia ottica quantistica ci proietta in un futuro 

contemporaneo che ci sorprenderà dilatando ancora di più il senso di meraviglia nell’osservazione del nostro 
vivere. Il gatto di Schroedinger resterà vivo e si lascerà “fotografare” senza dover essere disturbato. Tutto 

questo all’impero delle luci”. 
D i a s p r o  L a b   ● a l b e r t o . d i a s p r o @ i i t . i t ● p a o l o . b i a n c h i n i @ i i t . i t

I-ALM node Genoa

Graphic by Marta Fioravanti - https://www.instagram.com/nonlineare/  Nanoscopy - MMS joint retreat - Genoa 2022

DiasproLab

DiasproLab retreat - Dinghy Snipe Club , Genova - 2023



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

 ... 

Italo Calvino (Santiago de Las Vegas de La Habana, 15 ottobre 1923 – Siena, 19 settembre 1985) 




Interpretation by DALL-E



Diaspro Lab, set-up



A.Diaspro, P.Bianchini in V. N. Astratov, et al. Roadmap on Label-Free Super-Resolution Imaging. Laser Photonics Rev 2023, 17, 2200029.
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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 l’ordinamento scientifi
fi

unendo il segno scritto e quello fi



Immagine di QuoteArtisan su Etsy

https://www.etsy.com/it/listing/228493477/ada-lovelace-originale-art-print-12-x-8?ref=market
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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.

Fatima A. Merchant, Alberto Diaspro,Chapter 11th - Three-Dimensional Imaging,

Editor(s): Fatima A. Merchant, Kenneth R. Castleman,

Microscope Image Processing Academic Press, 2023



A.Diaspro et al., Image and Vision Computing, 1990 13 years before the early days...
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A.Diaspro, G.Parodi, R.Zunino, Studia
Biophysica, vol.139, no.2, pp.69-16, 1990

A.Diaspro, Image and Vision Computing, 1990

13 years before the early days...





D. Palounek, et al.  ACS Photonics 2024, 11, 3907−3921

Main super resolved fluorescence methods



Diaspro A., et al. Optics Express, 2006

Single Molecule and Super resolved Microscopy
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Journal of 

BIOPHOTONICS
2/18

www.biophotonics-journal.org

Enhanced volumetric imaging in 2-photon microscopy via acoustic lens beam shaping
Simonluca Piazza, Paolo Bianchini, Colin Sheppard, Alberto Diaspro, Martí Duocastella

Beam shaping and Label-free Microscopy



Slide Credit: Francisco Balzarotti - Interpretation by DALL-E

Multi-modal molecular content



Giovanni Battista Amici, microscopio ottico 1812, Museo "Giovanni Boato", Dipartimento di Fisica, Università 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.

slide credit: Colin JR Sheppard

Pop Microscopy by Claudia Diaspro   with NIKON
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Leica Microsystems | STELLARIS 8 DIVE | 2020
© 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.

Mouse brain cortex., Thy1-eYFP, Tx Red 
IRAPO 25x1.0 W motCorr 
Sample courtesy of LMF, DZNE, Bonn
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Credit:David Jameson



DiasproLab - Isotta Cainero, PhD 2022



DiasproLab - Isotta Cainero, PhD 2022
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Francesco Maria Grimaldi, Physico-mathesis de lumine, coloribus et iride (Bononiae, 1665).

G. A. Maggi, "Sulla Propagazione Libera e Perturbata delle Onde Luminose in um Mezzo Isotropo", Ann. Matematica, 16, 21 - 47 (1888)



Alberto Diaspro - Nanoscopy - Istituto Italiano di Tecnologia

VOLUME 80‚ ISSUE 4‚ MAY 2017 Editor-in-Chief 
ALBERTO DIASPRO

wileyonlinelibrary.com

MICROSCOPY  
RESEARCH&TECHNIQUE

Sheppard CJR. Resolution and super-resolution. Microsc Res Tech. 2017;00:1–9.
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G. Toraldo di Francia, Rev. Opt. 28, 597 (1949).

The Information Channel Revolution
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200ps - 40 MHz





Hold-OFF 
Time

Afterpulsing 
probability

50 ns 6,5%

100 ns 2,4%

200 ns 1,4%

SPADs Crosstalk probability

First neighbors - 
orthogonal < 1%

First neighbors - 
diagonal < 0,2%

the first detector array specifically designed for microscopy

future improvement: 
 micro lenses array( )

features: 
5 x 5 matrix 

75 µm pitch  

each detector: 50 µm x 50 µm active area 

fill factor =    ≈ 44% 

25 TTL-like signals, up to 20 MHz 

PDE up to 45% 

dark count <100 cps @25°C

502

752

Time jitter  120/150 ps



M.Castello et al. (2019)
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NSPARC



http://www.genoainstruments.com
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NSPARC







NSPARC

Marco Castello, Colin J. R. Sheppard, Alberto Diaspro, and Giuseppe Vicidomini,  
"Image scanning microscopy with a quadrant detector," Opt. Lett. 40, 5355-5358 (2015) 

Colin J. R. Sheppard, Marco Castello, Giorgio Tortarolo, Giuseppe Vicidomini, and Alberto 
Diaspro, "Image formation in image scanning microscopy, including the case of two-
photon excitation," J. Opt. Soc. Am. A 34, 1339-1350 (2017)



Why STED Super-Resolution?
“…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.”

Super Resolution
Måns Ehrenberg   Nobel Committee for Chemistry - Scientific Background on the Nobel Prize in Chemistry 2014 

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



SUPER RESOLVED FLUORESCENCE MICROSCOPY

Diaspro, A., Bianchini, P. Optical nanoscopy. Riv. Nuovo Cim. 43, 385–455 (2020).



Pump-probe/Spectroscopy



Eggeling et al., QRB (2015)



Eggeling et al., QRB (2015)



Eggeling et al., QRB (2015)



Decoding of hidden spatial  information
The challenge of increasing spatial resolution in 

microscopy is translated into a spectroscopy problem

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

In
te
ns
ity

Time

I(x,y,t)

DiasproLab - L.Lanzanò, et al. Nature Comm.(2015)

ENCODING TIME - DECODING SPACE





Leica Microsystems | Dr. Julia Roberti | October 2020 
© 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. 

τ-STED 660 at extremely low STED power on COS7 cells immunostained 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.

τ-STED 660

STELLARIS_STED_RMPPT_MC0001503_121020

τ-STED



Image credit: Paolo Bianchini, DiasproLab



Paraffin section of gut biopsy stained for Ki67 (abberior STAR ORANGE), Muc2 (abberior STAR RED), and DAPI.

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


Alberto Diaspro - Nanoscopy - Istituto Italiano di Tecnologia

Diaspro Lab - Francesca Cella Zanaccchi project
20 ms/frame - alfa-tubulin

localization precision 15 nm

Single molecule approachNSPARC NSTORM
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50 
µm

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)

 (Individual Molecule Localization - Selective Plane Illumination Microscopy)

IML SPIM
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z

Z = 10 μm 

IML-SPIM image of human mammary MCF10A cell 
spheroids expressing H2B-PAmCherry. 

10 µm 10 µm 

SPIM image Individual molecule detection

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

Methods (2011)

DiasproLab



10 µm 10 µm 

Z = 40 μm 

IML-SPIM image of human mammary MCF10A cell 
spheroids expressing H2B-PAmCherry. 

SPIM image Individual molecule detection

z

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

Methods (2011)

DiasproLab



10 µm 10 µm 

z

Z = 70 μm 

IML-SPIM image of human mammary MCF10A cell 
spheroids expressing H2B-PAmCherry. 

SPIM image Individual molecule detection

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

Methods (2011)
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10 µm 10 µm 

Z = 100 μm 

IML-SPIM image of human mammary MCF10A cell 
spheroids expressing H2B-PAmCherry. 

SPIM image Individual molecule detection

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

Methods (2011)

DiasproLab









Diaspro A., et al. (2006) Optics Express



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



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.
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MINFLUX image of axonal βII 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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NUP107  HepG2. - slide credit Virginia Bazzurro DiasproLab



3D of nuclear pores, z-position coded.
Image by Clara Guerth & Virginia Bazzurro, 

Heidelberg, EMBL course 21-26 October 2024 DiasproLab



3D of nuclear pores, z-position coded.
Image by Clara Guerth & Virginia Bazzurro, 

Heidelberg, EMBL course 21-26 October 2024 DiasproLab



Weber ...Hell Lab,Nature Photonics | VOL 15 | May 2021 | 361–366 |l
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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

2022 2023
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Label-free Trend

A. Diaspro et al. , BioMedical Engineering OnLine 2006, 5:36













Image credit: Oriol Arteaga Lab - website



Polarized Light

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



Polarized Light

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



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



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

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



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. 

A.Diaspro, Cell Biophys.1987
A.Diaspro et al., IEEE TBE 1991
A.Diaspro et al., IEEE TBE 1995
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A.Diaspro et al. Rivista Nuovo Cimento, Agosto 2023 - open access



Taylor S and Soneji S (2022) Bioinformatics and the Metaverse: Are We Ready?. Front. Bioinform. 2:863676

Multi-modal molecular content



Graphics by Marta Fioravanti  instagram.com/nonlineare

  Multimodal Optical Microscopy Image Correlation Sensing



How to deal with all these data?



• Hugo Pratt, Celtiche

LIQUITOPY could provide the opportunity to see 
things differently and to change our point of view, 
abandoning the obsession of representing the 
“real world” when forming an image (AD, 2017).

Liquid Tunable Microscopy

LIQUITOPY 

Il Nuovo Saggiatore, vol 35(1-2 ):21 2019 - open access
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The artifi
A Microscope in the Computer Machine 

EOSAM , Dijon 2023

                                                           
Alberto Diaspro, April 2023

The artificial microscope 
A Microscope in the Computer Machine 





Movie credit: Allen Institute



Movie credit: Allen Institute
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Diaspro, P.Bianchini, L.Cuneo, The artificial microscope, in Proc. of European Optical Society Annual Meeting, Dijon 2023 



Diaspro, P.Bianchini, L.Cuneo, Proc. of European Optical Society Annual Meeting, Dijon 2023 



Graphics by Marta Fioravanti  instagram.com/nonlineare







M. Cesaretti, ... A. Diaspro, et al., Liver Transpl. 26, 1224–1232 (2020)
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Butch Cassidy & Sundance Kid



Butch Cassidy & Sundance Kid



Il Gatto...

Prof.V. Lubicz 
Ordinario Fisica Teorica



Giuliana Cuneaz, Quantum quirks, 2023
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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.





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)



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)





The Nobel Prize in Physics 2022. NobelPrize.org. Anton Zeilinger Nobel Prize Speech.



Gabriela Barreto Lemos, Victoria Borish, Garrett D. Cole, Sven Ramelow, Radek Lapkiewicz & Anton Zeilinger  Quantum imaging with undetected photons. Nature 512, 409–412 (2014).



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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The quantum entanglement instrument. (Centre for Quantum Technologies, National University of Singapore)

Satellite-Based Entanglement Distribution Over 1200 kilometers

Jian-Wei Pan Lab - Zeilinger alumn



Satellite-Based Entanglement Distribution Over 1200 kilometers

Jian-Wei Pan Lab - Zeilinger alumnLiao, SK., Cai, WQ., Liu, WY. et al. Satellite-to-ground quantum key distribution. Nature 549, 43–47 (2017).
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Thanks for the Dance  
(Leonard Cohen, 2019) 


