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VEDERE LE CELLULE: 
NUOVE FRONTIERE DELLA NANOSCOPIA

Alberto Diaspro

credit:robuart
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7 miliardi di persone… circa 76 organi  
100000 miliardi di cellule





Il vivente  alla nanoscala  sulle nuvole







La Biblioteca Nazionale di 
Firenze conserva circa 8 milioni 
di scritti, consultati centinaia di 

migliaia di volte ogni anno.



LIQUITOPY 



11

Nascita di Venere, Sandro Botticelli, 1482–1485, Uffizi, Firenze. 

LIQUITOPY 



Actor’s Mask, Paul Klee, 1924. 

How to reveal the reality that is behind visible things? 
(Adapted after Paul Klee, 1879-1940)

LIQUITOPY 
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Light microscopy turns invisible into visible
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 SAHAL et al., NATURE REVIEWS | MOLECULAR CELL BIOLOGY VOLUME 18 | NOVEMBER 2017 
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Light microscopy turning invisible into visible
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Ottavio Leoni, portrait of Galileo Galilei, 1624

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.

MICROSCOPIUM EXTRAORDINARIUM NOMINARE LIBUIT…

...microscopium nominare libuit...Faber, Lincei, 1625
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optical microscopy



Fluorescence Microscopy
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Credit:David Jameson
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keyword: fluorescence
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Il vivente  alla nanoscala  sulle nuvole
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Green fluorescent proteins
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Credit:  M Chalfie - Nobel Laureate 2008
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4D

Credit: Eric Betzig - Janelia Farm (2015)

Credit:  E. Betzig - Nobel Laureate 2008



    Alberto Diaspro, Nanoscopy, Istituto Italiano di Tecnologia Ilaria Testa -Diaspro LabBiophys. J., .89(2), 1346--1352 (2005).



Xiaowei Zhuang, Harvard
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Camogli - 9 Settembre 2017                        Alberto Diaspro - Istituto Italiano di Tecnologia 
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Visualizing, tracking, quantifying 
events in biological systems…

Cell aggregates, small 
organisms, organs, tissues...
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THE NOBEL PRIZE IN CHEMISTRY 2014  - THE ROYAL SWEDISH ACADEMY OF SCIENCES  -  HTTP://KVA.SE 

http://KVA.SE
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Resolution
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Schermelleh et al., 2010, JCB vol. 190 no. 2 165-175. 

Klar et al, 2000, Proc. Natl. Acad. Sci. USA 97: 8206–8210.
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Like a tuneable Radio station

In optical microscopy we can get access to ‘nanoscale’ details 
by increasing the optical resolution of the microscope

Increasing spatial resolution

500 nm

250 nm 100 nm 25 nm

Point 
Spread 

Function 
(PSF)

slide credit: Luca Lanzano’, IIT
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Georges Seurat (1859-1891), Una domenica pomeriggio all'isola della Grande Jatte,1883-85 
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Super-risoluzione

 Jean-Etienne Liotard, La bella cioccolataia,  1745
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Confocal



Alberto Diaspro - Nanoscopy - Istituto Italiano di Tecnologia

STED
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Super Resolution

G. Toraldo di Francia, Rev. Opt. 28, 597 (1949). 
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wide field 3D SIM

M. G. L. Gustafsson, et al. Biophys. J. 2008, 94, 4957 – 4970.

Image from Lothar Schermelleh



Expansion Microscopy
Irene’s question: 

Can we install polymer chains of 
a swellable material?.

…throughout cells, winding their way

around biomolecules, so that we can pull 

the biomolecules apart?

Chen*, Tillberg*, Boyden (2015) 
Science 347(6221):543-548.



Widefield, pre-
expansion

Widefield, post-
expansion

Confocal, pre-
expansion

Confocal, post-
expansion

Brainbow

Tillberg*, Chen*, Piatkevich, Zhao, Yu et al. (2016) Nature Biotechnology 34:987–992.
slide credit: Ed Boyden

Expansion Microscopy
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Chen, F., Wassie, A.T., Cote, A.J., Sinha, A., Alon, S., Asano, S., Daugharthy, E.R., Chang, J.-B., 
Marblestone, A., Church, G.M., Raj, A., Boyden, E.S. (2016) Nanosca)le Imaging of RNA with 

Expansion Microscopy,  
Nature Methods

bar:500 μm (expansion factor 2.9×)                            bar:50 μm (2.9×), inset 10 μm

Expansion Microscopy



Super Resolution
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Super resolved Fluorescence Microscopy

SLIDE CREDIT, GIUSEPPE VICIDOMINI, IIT
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B-SC-1 cell, anti-β tubulin 

Commercial                               secondary antibody

5 µm500 nm

Alexa 647

40,000 frames, 1,502,569 localization points

FWHM = 24 nm 
stdev   = 10 nm

Huang, Wang, Bates and Zhuang, 
Science, 2008
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Diaspro Lab - Francesca Cella Zanaccchi project

20 ms/frame - alfa-tubulin

localization precision 15 nm
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Alberto Diaspro

Credits: Giuseppe Sancataldo, Paolo Bianchini, 
Marti Duocastella - Diaspro Lab, IIT - 2016

200 Volumes per Second  
10000 Frames per Second 
600 · 106 Voxels per Second

SPIM - liquid lens

Diaspro Lab, ACS NANO 2017



Credits: Giuseppe Sancataldo, Paolo Bianchini, 
Marti Duocastella - Diaspro Lab, IIT - 2016

• Volume Size 138×138×60 µm3 (XYZ) 
• 11 Volumes/Second 
• 333 Frame/Second 
• 3 ms/frame 
• 30 planes/Volume 
• Nile Red Fluorescence Signal  
• Andor NEO 5.5 camera
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Particle Tracking

Slide Credit: Giuseppe Sancatldo,

Diffusion of GABA receptor in living neuron - A.Barberis

Optica 4, 367-373 (2017) - Diaspro lab



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



PELLIZZA DA VOLPEDO - PANNI AL SOLE  
(1894), olio su tela, 87x131 cm, Domodossola, collezione privata
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scanning nanoscopy

Pump-probe/Spectroscopy



Microscopio

biglie 40 nm 

Harke et al Opt Expr  (2008) Slide credit SW Hell
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STED
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Slide credit B. Harke

STED



S.Galiani et al. Opt.Express (2012) - Diaspro Lab



S.Galiani et al. Opt.Express (2012) - Diaspro Lab



vescicole presinaptiche

biglie fluorescenti 
di 40 nm

1µm

S.Galiani, P.Bianchini - Diaspro Lab

sinapsi in vitro
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PSD95
LGI1

1μm

Mazzolai Lab

Credit: Francesca Cella Zanacchi, Diaspro LAb





Future Microscopy
Liquid Tunable Microscopy


LIQUITOPY  

Label free

Mueller Matrix, CIDS, Phase 

Fluorescence dynamics

Exploring the environment at the nanoscale

Credit Luca Pesce,Diaspro Lab 2017
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Alberto Diaspro, 2017

credit: Paolo Bianchini, LAMBS IIT



credit: Paolo Bianchini, Diaspro Lab, LAMBS IIT

Liquid Tunable Microscopy

LIQUITOPY 



• Paul Klee, The Castle and the sun, 1928 Sandro Botticelli, Nascita di Venere  (1482-1485) 

LIQUID SOLID



Liquid Tunable Microscopy

LIQUITOPY 





Movie credit:



• 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 



Nanoscopy group and Molecular Microscopy and Spectroscopy group 
retreat in Sestri Levante (Genova, Italy) 2017

Diaspro Lab 

Paolo Bianchini Luca Lanzanò  Martì Duocastella 
 Francesca Cella Zanacchi Nicholas Anthony Claudio Canale 

Aymeric Le Gratiet Silvia Dante Takahiro Deguchi 
Colin JR Sheppard Salvatore Surdo  Michele Oneto  
Melody Dibona Simonluca Piazza Lorenzo Scipioni  

Amira El Merhie Luca Pesce Giulia Zanini  
Michela Cosentino Barbara Salis  Marco Cozzolino 

Simone Pelicci Silvia Scalisi Isotta Cainero 
Riccardo Marongiu       Artemi Bendandi       Agnieszka Pierzyńska-Mach 

Liquid Tunable Microscopy

LIQUITOPY 
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"La mejor forma de decir, es hacer" José Marti, Cuba. 



Collezione di immagini al microscopio di sistemi viventi ideata da Alberto Diaspro e curata da 
Claudia Diaspro con il supporto tecnico scientifico di Paolo Bianchini, realizzata al NIC@IIT, 
Nikon Imaging Center presso l’Istituto Italiano di Tecnologia. Si ringraziano per il supporto 

Camera di Commercio di Genova e Nikon Instruments Italia. Novembre 2015. 

trattamento immagini
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Collezione di immagini al microscopio di sistemi viventi ideata da Alberto Diaspro e curata da 
Claudia Diaspro con il supporto tecnico scientifico di Paolo Bianchini, realizzata al NIC@IIT, 
Nikon Imaging Center presso l’Istituto Italiano di Tecnologia. Si ringraziano per il supporto 

Camera di Commercio di Genova e Nikon Instruments Italia. Novembre 2015. 

trattamento immagini
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