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Testa di Federico Taddia -
f, \ e Pop Microscopy.

Foto di Andrea Samaritani

TRARE NELLE CELLULE CON DEI FASCI DI LUCE PER VEDERE
o~ LLO CHE SUCCEDE. FANTASCIENZA? PER NULLA! <M
ACCADE TUTTI [ GIORNI ALLISTITUTO ITALIANO DI
TECNOLOGIA DI GENOVA, DOVE SI TROVANO ALCUNI
¢ DEI MICROSCOPI OTTICI PIU AVANZATI AL MONDO.IL. <45 30
RISULTATO: TANTA RICERCA, UN SACCO DI INNOVAZIONEE:sw
NANOFOTOGRAFIE CHE SONO VERE OPERE D’ARTE! "
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Light microscopy turning invisible

Alberto Diaspro - Nanoscopy - Istituto Italiano di Tecnologia



MICROSCOPIUM EXTRAORDINARIUM NOMINARE LIBUIT...

...microscopium nominare libuit...Faber, Lincei, 1625 b |

vl
v Corenm

‘Since the early years of the Galileo Galilei’s “Occhialino” -
un occhialino per veder da vicino le cose minime” - / ,,/Zf,, / v

brillantly renamed, on April 13th 1625 in a letter written to A 7 w
Federico Cesi, as “Microscopium” by Johannes Faber

(1574-1629), it was evident the potential of such an optical
U tooI Ottavio Leoni, portrait of Galileo Galilei, 1624

Alberto Diaspro - Nanoscopy - Istituto Italiano di Tecnologia W

NANOSCOPY



S

g
/zﬁf.}

N

BALLQ

SAC l’.['”.[.rl_ri J.B A..L“T_)

------------- : -._‘[- .1

@, E: i /)\llllllr’k
I

ﬁh’( 7’2(711/( cr /a‘

COPI JM.A; D

CORONA AUSTRALILS,

‘[/ N o) F £

.........

o
-

8 & T r,' i

SOBTES g

X - y ‘.’ 5 3 ; | .‘l
£ & @ / \ i \ \
. ‘:, N J \s‘\‘ - = "- / 4 R | .:.
‘ ' ‘5 iy g Thad v Rarnid ‘\.\ R .‘\
T P e ) \F e \

l) { ,'s‘-"n\_ wi\

L

A

Pl1.2¢

—,
—
—
_~
S,
—
—
-
')
4 -

L.esalh

12:f

TR
IE LIS

2C O.H.UJM

Il

s
S~

kceelp s




® - .
bl . .
3 _
- , .
: - . i : ‘e
SICOTTIVS L. > .
< ' Nunkl - . °
. -
- »
._ ) ‘
_ Sagiftarius . - .
' . - Ams E
. . ' - ' ~
Kaus Australis
. i@ :
: ; . ’ - =e =i :
Microseopium oo o o : Shaula:. Scorpgs
» ' . romia Australis ‘
‘. v © . -
" .
2 -
. | Girtab :
: = ] . .
— . - v
ielescopium ;
. . ’ P -
i a . NGHNE
F > @ | A Ara
Alnair INAUS : - -
. Peacock : .
. 1 - .
. Pavo E P
. 1]
Earth, casa mia, 49m ) FOV. 55.2° 18.3FPS  2013-07-06 ‘22:28:48 |

LUpus



.
»

b

‘.‘"
< -
OR SOME ; %".f

Q?
Phyfiolsgical  Deftriptions 4&
MINUTE BODIES

: —

' -y -
-
-

MADE EBY
MAGNIFYING GLASSLS | e
'I WITH A Ot:?)vf',il'
‘ ‘ i B s
oty

""1 nd
¥ Y
T L T
it 'c’!'H:‘Q" ',[:,'
A T ‘5,\;6‘!"‘ ay
PR L B AL
‘vf'- A ¥ “:0'{' )“ ‘1“\“ﬂ
Ly ’«“!.‘;r
) Lx'-““;"zfv"j' '
| LA A
0 ,44',,1‘

gjnszav;rmn; and Iwauir1es thereupon

of By R. HOO KE, Fellow ofthe Rovsr Soc1ETY

.’k'.m_rp,!ﬁ; pel rLAIH FE cowtersere Linceks,
N f aaers islsires conpzaemis Ligpus angi. Horas, Ep. lib. 1.

-- - _ *‘%;_‘ .,;

|
o

B -_.-_ T I " \"A,w'— :—:. > _‘. A s _— - -
LONDON, Printed by Jo. Meryn, and Ja. M‘fv’ Pﬂmtc;s! (o the - FENda 25 R P ) £9
: fold at their Shopat the Bedin O ‘-~\,’;"f—' i, Ny B e
Roxar SoclE Ty andaretobeiolds 4 & Seiznce bluzeOnNE SeIenee 2 Sosisty Pich e *_L".lr-iltf?\. s

& Pawl's Church-yard. M BCLAV.







Why fluorescence?
electric

fields

* 1ts pretty!

* it provides information on
the molecular environment

Fluorescent

* it provides information on Probe
dynamic processes on the

nanosecond timescale

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

Credit:David Jameson

Alberto Diaspro - Nanophysics - ISTITUTO ITALIANO DI TECNOLOGIA §it
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C.Elegans PH-GFP HIB-mCherry 4D
Credit: E. Betzig - Nobel Laureate 2008

i Farm (2015)



Biophys. J., .89(2), 1346--1352 (2005). |laria Testa -Diaspro Lab
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THE NOBEL PRIZE IN CHEMISTRY 2014 - THE ROYAL SWEDISH ACADEMY OF SCIENCES - HTTP://KVA.SE
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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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ke a tuneaple Radio station

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

=

500 nm

Increasing spatial resolution

Point

Spread O O

Function 250 nm 100 nm 25 nm
(PSF)

slide credit: Luca Lanzano’, IT
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Jean-Etienne Liotard, La bella cioccolataia, 1745

Alberto Diaspro - Nanoscopy - Istituto Italiano di Tecnologia
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Confocal

Alberto Diaspro - Nanoscopy - Istituto Italiano di Tecnologia
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Super Resolution

JOURNAL OF THE OPTICAL SOCIETY OF AMERICA

VOLUME 45, NUMBER 1| JULY, 1955

Resolving Power and Information

infinite amount of information about the object.

INTRODUCTION

HE theory of resolving power is undergoing a
transformation. Many workers agree that its
classical formulation cannot be made completely

satisfactory.
In the first place it may be remarked that the

generally accepted value 1.22\/D for the minimum
angular separation of two points, which can be seen as
distinct with an instrument having a circular pupil of
diameter D, cannot be derived solely from the properties
of the instrument. Its validity is limited to a given
recepter and can be ascertzined only by an experiment.
However, it has been repeatedly found that even with
one and the same receptor, the ability to resolve two
points is influenced to a great extent by the light in-
tensity and by other conditions.

G. TorALDO DI FRrANCIA
Istituto Nasionale di Ollica, Arcelri-Florence, Italy

(Received January 24, 1955)

The degrees of freedom of an image formed by any real instrument are only a finite number, while those
those of the object are an infinite number, Several different objects may correspond to the same image.

It is shown that in the case of coherent illumination a large class of objects corresponding to a given
image can be found very easily. Two-point resolution is impossible unless the observer has a priori an

receptors, detecting the difference between the image
of a single point and the image of two points located
closer and closer to one another. This means that at
present there is only a practical limit (if any) and not a
theoretical limit for two-point resolving power.

In the second place, it is well known that the valuc
of the resolving power, when measured experimentally,
turns out to depend substantially on the shape of the
test object tool. Sets of points or of lines, circles, stars,
Landolt rings, and many other patterns have been
employed as test objects with different values of con-
trast, and each one gives a different result. After so
many investigations about resolving power, one cannot
escape the discouraging conclusion that a very common
sentence like : “The resolving power of such instrument

has such value” has no meaning. Resolving power is
nnt a well.dafined nhveiral anantite

e ——

G. Toraldo di Francia, Rev. Opt. 28, 597 (1949).

Alberto Diaspro - Nanoscopy - Istituto Italiano di Tecnologia



MICROSCOPY

RESEARCH “TECHNIQUE

Single-Pinhole Confocal Imaging of Sub-Resolution Sparse
Objects Using Experimental Point Spread Function and
Image Restoration

A. DIASPRO,* S. ANNUNZIATA, anp M. ROBELLO

’(\ INFM, Biophysical Section, Genoa Research Unit and Department of Physics, University of Genoa, Vie Dodecaneso 33,
\ 16146 Cenova, Ttaly
\
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Actin Tubuiin DAFRI

-

wide field

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




Expansion \icroscopy

rene’s guestion:
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.



| Expansion Microscopy
B ra l n bOW Confocal, pre- Confocal, post-

expansion expansion

Widefield, pre-
expansion

Widefield, post-
expansion
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Tillberg*, Chen*, Piatkevich, Zhao, Yu et al. (2016) Nature Biotechnology 34:987-992.




Expansion Microscor

W
"‘

bar:500 um (expansion factor 2.9x) bar:50 pm (2.9%), inset 10 p
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
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Super Hesolution

Conventional Imaging Super-resolution Imaging
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Super resolved Fluorescence Microscopy

)

e

)

3-0.
C

<M Do S R
c
o}
. 55 Dl i &Y
x
o
o
2 A
a & Q .
» 5F 2 £.o

= £ 2 v
5k & B
= ¢

B o

3 o - .

LM ..nmw %"

E o

%5

m T

o Lo :

o ¢

s 0% 8 09 8000

e0p. 09 0% 9°
°

g0g08 00
0® o0 o

Alberto Diaspro - Nanoscopy - Istituto Italiano di Tecnologia

SLIDE CREDIT, GIUSEPPE VICIDOMINI, T

., Tp00t_ s 80
o." 200 0%0 0

ReY - X

|BUOIJUSAUOD) INO-peay o1sed0lS  INO-peay jebie)

Jo0a®,. 0 0
gono®cnp

ooa

AdODSONVYN

)




Alberto Diaspro - Nanoscopy - Istituto Italiano di Tecnologia

>
(-9
(@]
O
7
®)
P4
<
z



B-SC-1 cell, anti-B tubuli
cell, anti-f tubulin Huang, Wang, Bates and Zhuang,

Sc:ence 2008
secondary antibody
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- _ Diaspro Lab - Francesca Cella Zanaccchi project

20 ms/frame - alfa-tubulin

localization precision 15 nm

m
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Subscriber accass provided by IST ITALIANO DI TECH IT
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Fast inertia-free volumetric light-sheet microscope

Marti Duocastella, Giuseppe Sancataldo, Peter Saggau, Paola Ramoino, Paolo Bianchini, and Alberto Diaspro
ACS Photonics, Just Accepted Manuscript « DOI: 10.1021/acsphotonics.7b00382 « Publication Date (Web): 22 Jun 2017
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Diaspro Lab, ACS NANO 2017

SPIM - liquid lens

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



XY

Volume Size 138x138x60 pm3 (XYZ)
11 Volumes/Second

333 Frame/Second

3 ms/frame

30 planes/Volume

Nile Red Fluorescence Signal

Andor NEO 5.5 camera

YZ

Credits: Giuseppe Sancataldo, Paolo Bianchini,
Marti Duocastella - Diaspro Lab, IT - 2016
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Optica 4, 367-373 (2017) - Diaspro lab Slide Credit: Giuseppe Sancatldg

NANOSCOPY

Alberto Diaspro



Journal of 2/18

PHOTONICS

www.biophotonics-journal.org

Enhanced volumetric imaging in 2-photon microscopy via acoustic lens beam shaping W I L E Y VC H
Simonluca Piazza, Paolo Bianchini, Colin Sheppard, Alberto Diaspro, Marti Duocastella =
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Excitation
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Pump-probe/Spectroscopy
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Excitation

Fluorescence
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S.Galiani et al. Opt.Express (=

05 um



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



sinapsi in vitro

-~
biglie fluorescenti -

di 40 nm

-
»

Tum

k2

vescicole presinaptiche

S.Galiani, P.Bianchini - Diaspro Lab
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Mazzolai Lab
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YOLUME 20 NUMBER 3 MAR
www.nature com'nature

icine @

Virtual reality labs for biomedicine
Targeting p38 to rejuvenate muscle stem cells
Role of Fas ligand in T-cell surveillance of tumors



Future \/icroscopy

Liquid Tunable Microscopy
LIQUITOPY ®

Label free
Mueller Matrix, CIDS, Phase

Fluorescence dynamics
=xploring the environment at the nanoscale

Credit Luca Pesce,Diaspro Lab 2017



i Converging)

A Approa gl coRrELATIVE

EM/SPM

clearing

Optics Approach

Optics/Light Propertes

Probes Approach

Pheta-Fhysica Froperties

EXPANSION

Interference
Techniques

largeted , "\/ﬁ~
| stochastic read-out Computational

read out LABEL FREE.

MUELLER

\__ FALM / ¥

IML-SPIM &

SPLIT-STED MPE-STED

SN SW 2PE-STED
FCS-STED

credit: Paolo Bianchini, LAMBS IIT




Liquid Tunable Microscopy
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"La mejor forma de decir, es hacer" José Marti, Cuba.




P& P
MICROSCOPY

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 I’Istituto Italiano di Tecnologia. Si ringraziano per il supporto
Camera di Commercio di Genova e Nikon Instruments Italia. Novembre 2015.
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