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OBSERVING EVENTS
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LEONARDO DA VINCI, IMAGE OF A MOON PHASE FROM THE CODEX LEICESTER 35V, 2R
SLIDE CREDIT: IRINA MAJOUL ROYAL HOLLOWAY UNIVERSITY OF LONDON
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OBSERVING EVENTS
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A) — TAKEN FROM AN ANATOMICAL STUDY OF LEONARDO DA VINCI 1508 - 1510 (MANUSCRIPT RL, 19102R, WINDSOR
LIBRARY, UK). THE LEFT PANEL SHOWS THE INTERFACE BETWEEN DISSECTED TISSUES (WALL OF A WOMB) WHERE
LEONARDO USED THE TOOLS AVAILABLE FOR HIM TO ANALYSE HOW TWO BIOLOGICAL SURFACES CREATE AN ADHESIVE
JUNCTIONAL INTERFACE; B) — AN INSERT REPRESENTING JUNCTIONAL FOLDS OF A SYNAPTIC TERMINAL THAT CREATES
INTEGRITY OF THE STRUCTURE (COHEN-CORY, 2002). €¢) — JUNCTIONAL CELL-CELL INTERFACE BETWEEN TWO CULTURED
PRIMARY ASTROCYTES REVEALED WITH ANTIBODIES AGAINST A GAP JUNCTION PROTEIN, CONNEXIN-43 (BUTKEVICH ET
AL., 2004).

SLIDE CREDIT: IRINA MAJOUL ROYAL HOLLOWAY UNIVERSITY OF LONDON
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OBSERVING EVENTS

Credit: Jorge Langowski
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OBSERVING EVENTS

= lames A. Sullivan

The Nobel Prize in Physiology or Medicine 2005

Helicobacters were discovered in ltaly in 1892: An episode in the
scientific life of an eclectic pathlogist, Giulio Bizzozero

ad Sci Torino 1892;28:233-51 "H.pylori image courtesy of www.hpylori.com.au"
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OBSERVING EVENTS

Credit: Stefan Hell, JCS web site

Journal of Cell Science 116 (10), 2005
Spatial and temporal dynamics of budding yeast
mitochondria lacking the division component Fis1p
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CAPTURING EVENTS
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MICROSCOPY

A microscope is an instrument magnifying objects by means
of a specific interaction — more commonly by means of lenses
— S0 as to capture details invisible to the naked eye.

(Oxford dictionary, after Colin Sheppard)

Alberto Diaspro -

SLIDE CREDIT: LEICA MICROSYSTEMS

LAMBS - MicroScoBiO Research Center, University of Genoa

http:/ /www.lambs.it
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OPTICAL MICROSCOPY
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OPTICAL MICROSCOPY

ght Darwir ) Paoni
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THE BIOLOGICAL SCENARIO
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Slide credit: Jorg Langowski, DKFZ, Heidelberg
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THE BIOLOGICAL SCENARIO

S AN NN NN

“beads-on-a-string”
form of chromatin

30-nm chromatin
fiber of
packed nucleosomes

section of
chromasome in an -1'_
extended form 300 nm
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chromosome

antire
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RESOLUTION OBSESSION

HUMAN EYE 100 000 nm
OPTICAL MICROSCOPE 200 nm
ELECTRON MICROSCOPE 0.4 nm

3 nm
SCANNING PROBE MICROSCOPE 0.1-10 nm

Nanotube Smallest 2003 1970
2505 lithographic Si transistor Si transistor
1. resolution (0.13 um) (10 um)

Protein Virus

Tnm 10nm 100nm 1um 10 um

Alberto Diaspro - LAMBS - MicroScoBiO Research Center, University of Genoa http://www.lambs.it 16



OPTICAL MICROSCOPY IMAGING (:(

Georges Seurat (1859-1387T1), Una domenica pomeriggio all'isola della

Alberto Diaspro - LAMBS - MicroScoBiO Research Center, University of Genoa

rande Jatte, [6863-¢

http:/ /www.lambs.it



LENS EFFECT

POINTLIKE OBJECT VS. QUASI POINTLIKE IMAGE

Alberto Diaspro - LAMBS - MicroScoBiO Research Center, University of Genoa http://www.lambs.it



OPTICAL RESOLUTION
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OPTICAL RESOLUTION

Resolution
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Vignette credit: http://www.microscopyu.com/tutorials/
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OPTICAL RESOLUTION

ABBE, E (1873) ARCHIVE F. MIKROSKOP.ANAT. 9, 413-420

Alberto Diaspro - LAMBS - MicroScoBiO Research Center, University of Genoa http://www.lambs.it 21



OPTICAL CONTRAST @

Giudizio Universale: immagine nel VIS (sinistra) e in
fluorescenza indotta UV (destra): |'azzurro di
lapislazzuli, utilizzato da Michelangelo, e' riconoscibile
dalla presenza di una fluorescenza bianco-verdastra

Alberto Diaspro - LAMBS - MicroScoBiO Research Center, University of Genoa http://www.lambs.it
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FLUORESCENCE

Perrin-Jablonski Diagram

Singlet States Triplet States

Vibrational energy levels
4 S 7 Rotational energy levels
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Slide Credit: Paul Robinson, Purdue and Paolo Bianchini, LAMBS
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THE OPTICAL MICROSCOPE

Credit: Leica Microsystems, Mannheim, Germany

Alberto Diaspro - LAMBS - MicroScoBiO Research Center, University of Genoa http://www.lambs.it 24



THE OPTICAL MICROSCOPE

Fluorescent

Microscope Arc Lamp

Objective

Excitation Diaphragm

Excitation Filter

Ocular

Emission Filter

(COURTESY: PAUL ROBINSON, PURDUE UNIVERSITY)

Alberto Diaspro - LAMBS - MicroScoBiO Research Center, University of Genoa
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3D OPTICAL MICROSCOPY

MRS ONoDdO-I HoO-OoEo-md RO dm-EMmMSGS BED DT -
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3D OPTICAL MICROSCOPY

OPTICAL SECTIONING

B. BIANCO, A. DIASPRO, CELL BIOPHYSICS, 15 (3), PP.189-200, 1989.

A. DIASPRO, ET AL., IMAGE VISION AND COMPUTING, 8 (2), PP.130-141, 1990.

A.DIASPRO, G.CHIRICO, M.COLLINI (2004) QUART. REV. .BIOPHYS.,VOL.38, NR.2, PP.1-72 (2006).

Alberto Diaspro - LAMBS - MicroScoBiO Research Center, University of Genoa http://www.lambs.it
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3D OPTICAL MICROSCOPY

NAVIGATING INTO CELLS AND TISSUES

Vignette credit:Giuseppe Vicidomini, LAMBS-MicroScoBio, Genova
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3D OPTICAL MICROSCOPY

OPTICAL SECTIONING

B. Bianco, A. Diaspro, Cell Biophysics, 15 (3), pp.189-200, 1989.
A. Diaspro, et al., Image Vision and Computing, 8 (2), pp.130-141, 1990.

Slide credit:Giuseppe Vicidomini, LAMBS-MicroScoBio, Genova

Alberto Diaspro - LAMBS - MicroScoBiO Research Center, University of Genoa http://www.lambs.it 29
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3D OPTICAL MICROSCOPY

OPTICAL SECTIONING

Within the optical sectioning scheme the
situation is that the observed image O at
a plane j is produced by the true
fluorescence distribution at plane |,
distorted by the microscope through S,
plus contributions from adjacent k planes
and noise N.

0.=1:5; +3;_ IS +N S
4

Alberto Diaspro - LAMBS - MicroScoBiO Research Center, University of Genoa http://www.lambs.it 31




3D OPTICAL MICROSCOPY @

Solving the equation set...
O.=I.5. + Zk#JIkSk + N

J JJ

h(x,y,z)* f(x,y,2) + n(x,y,z) + b(x, y,z) = g(x, y,2)
www.powermicroscope.com

BONETTO P., BOCCACCI P., SCARITO M., DAVOLIO M., EPIFANI M., VICIDOMINI G., TACCHETTI C., RAMOINO P., USAI C., DIASPRO A.
(2004) MICROSCOPY RESEARCH AND TECHNIQUE. vol. 64, pp. 196-203.

Alberto Diaspro - LAMBS - MicroScoBiO Research Center, University of Genoa http://www.lambs.it 32



3D OPTICAL MICROSCOPY

Solving the equation set...

Credit: www.svi.nl

h(x,y,z)* f(x,y,2) + n(x,y,z) + b(x, y,z) = g(x, y,2)
www.powermicroscope.com

BONETTO P., BOCCACCI P., SCARITO M., DAVOLIO M., EPIFANI M., VICIDOMINI G., TACCHETTI C., RAMOINO P., USAI C., DIASPRO A.
(2004) MICROSCOPY RESEARCH AND TECHNIQUE. vol. 64, pp. 196-203.

Alberto Diaspro - LAMBS - MicroScoBiO Research Center, University of Genoa http://www.lambs.it 33



CONFOCAL MICROSCOPY

Solving the equation set...by means of a confocal set-up

21,5, wmp O ir\‘\
/ \

microscope

cell

e (credit: PERKIN ELMER)

S apexsy ~ndfeen

Alberto Diaspro - LAMBS - MicroScoBiO Research Center, University of Genoa http://www.lambs.it 34



CONFOCAL MICROSCOPY

Basement membrane labeled with cy2 (green)

Confocal

Standard
Fluorescence

http://www.atto.com/Carv/CarvSkinSection.htm

Alberto Diaspro - LAMBS - MicroScoBiO Research Center, University of Genoa http://www.lambs.it 35



THE OPTICAL MICROSCOPE

Fluorescent

Microscope Arc Lamp

Objective

Excitation Diaphragm

Excitation Filter

Ocular

Emission Filter

(COURTESY: PAUL ROBINSON, PURDUE UNIVERSITY)

Alberto Diaspro - LAMBS - MicroScoBiO Research Center, University of Genoa

http:/ /www.lambs.it
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THE OPTICAL MICROSCOPE

Confocal ocer
Principle
Excitation Pinhole

_
B /B Excitation Filter

I PMT

Emission
Filter

Emission Pinhole

Objective

(COURTESY: PAUL ROBINSON, PURDUE UNIVERSITY)

Alberto Diaspro - LAMBS - MicroScoBiO Research Center, University of Genoa http://www.lambs.it
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THE BILL...

o
4

(GOYA, Blindman’s buff; credit: BRUNO SAMORYI’)

Alberto Diaspro - LAMBS - MicroScoBiO Research Center, University of Genoa http://www.lambs.it
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POINT BY POINT iMAGING &

A.Diaspro (ed.), (2001) "Confocal and Two-photon Microscopy. Wiley, NY, 1-567.

Beam
Laser [] Scanning

Limit

FINISH
[ S S T D S D e e S ==

Detector

Conventional
Viewing

SLOW scanning direction

- &% & & % & @ T ,I-*

START stastiza llumimation

for
Conventional

FAST scanning direction Viewing _

£

Object \/

Alberto Diaspro - LAMBS - MicroScoBiO Research Center, University of Genoa http://www.lambs.it



POINT BY POINT IMAGING

LIKE A FLORIAN’s COFFE IN VENICE

x/\

Laser out

e

To

Microscope

Alberto Diaspro - LAMBS - MicroScoBiO Research Center, University of Genoa

Point Scanning

[Laser 1in

(¢

Slide credit: Fabio Cannone

http:/ /www.lambs.it 40



POINT BY POINT IMAGING

LIKE A FLORIAN’s COFFE IN VENICE

4D

X

Slide credit:Davide Mazza, LAMBS-MicroScoBio, Genova

Alberto Diaspro - LAMBS - MicroScoBiO Research Center, University of Genoa http://www.lambs.it 41



POINT BY POINT IMAGING

LIKE A FLORIAN’s COFFE IN VENICE

4D

X

Alberto Diaspro - LAMBS - MicroScoBiO Research Center, University of Genoa http://www.lambs.it 42



POINT BY POINT IMAGING

bRl
R et
:ﬁm?. ; u -!l = .

Giuseppe Pellizza da Volpedo (1868-1907)

Panni al sole (1894), olio su tela, 87x131 cm, Domodossola, collezione privata

TR

Alberto Diaspro - LAMBS - MicroScoBiO Research Center, University of Genoa http://www.lambs.it 43



PHOTOBLEACHING PROBLEM

e Photochemical lifetime: fluorescein
will
undergo 30-40,000 emissions

Bleaching before bleachins.
{\ e At low excitation intensities, pb

occurs but at lower rate.

e Dark state

e Bleaching is often photodynamic--
involves light and oxygen.

Fluorescence

Diaspro A. et al., Photobleaching, in Handbook of Confocal
Microscopy (J.Pawley ed.), Plenum, NEW edition, 2006

Slide credit: Giberto Chirico, Enrico Gratton

Alberto Diaspro - LAMBS - MicroScoBiO Research Center, University of Genoa http://www.lambs.it 44



PHOTOBLEACHING PROBLEM (i

Diaspro A. et al., Photobleaching, in Handbook of Confocal
Microscopy (J.Pawley ed.), Plenum, NEW edition, 2006

Image credit:David Piston, Vanderbilt University

Alberto Diaspro - LAMBS - MicroScoBiO Research Center, University of Genoa http://www.lambs.it 45



TWO-PHOTON EXCITATION MICROSCOPY

SIMPLY POOH
“TWO IS BETTER THAN ONE"

"
o
=
-
<
m
=

© WWW.SNOWGLOBETRADING.CO.UK

A.Diaspro (ed.), (2001) "Confocal and Two-photon Microscopy. Wiley, NY, 1-567.
Alberto Diaspro - LAMBS - MicroScoBiO Research Center, University of Genoa http://www.lambs.it




TWO-PHOTON EXCITATION MICROSCOPY

A.Diaspro (ed.), (2001) "Confocal and Two-photon Microscopy. Wiley, NY, 1-567.

Alberto Diaspro - LAMBS - MicroScoBiO Research Center, University of Genoa http://www.lambs.it 47



TWO-PHOTON EXCITATION MICROSCOPY

- = ."—1 -- -
i i P € gt . T

Giuseppe Pellizza da Volpedo (1868-1907)

Il quarto stato (1901), olio su tela, 293x545 cm, Milano, Civica Galleria d'Arte Moderna

Alberto Diaspro - LAMBS - MicroScoBiO Research Center, University of Genoa http://www.lambs.it 48



TWO-PHOTON EXCITATION MICROSCOPY
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(Credit: CLAUDIA DIASPRO from JOVANOTTPS POP CONCERT)

Alberto Diaspro - LAMBS - MicroScoBiO Research Center, University of Genoa
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TWO-PHOTON EXCITATION MICROSCOPY ~\_°

— Rxcited state —e————————
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Virtual state 7y
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(credit: EMILIO SEGRE’ archive)

Maria GOoppert-Mayer predicted that an atom or a
molecule could interact with two photons
simultaneously by absorbing them in the very same
quantum event.

Alberto Diaspro - LAMBS - MicroScoBiO Research Center, University of Genoa http://www.lambs.it 50



TWO-PHOTON EXCITATION MICROSCOPY

— RXcited state —=—————

nw,
hw

¢ Virtual state X

Ground state

Movie Credit: Elio Cocchia Fabrizio Papalia, Paolo Sapuppo - LEICA Microsystems
Alberto Diaspro - LAMBS - MicroScoBiO Research Center, University of Genoa http://www.lambs.it 51



TWO-PHOTON EXCITATION MICROSCOPY

) D £

r

360 nm 1080nm 460 nm

720 nm

1080nm

Alberto Diaspro - LAMBS - MicroScoBiO Research Center, University of Genoa http://www.lambs.it 52



TWO-PHOTON EXCITATION MICROSCOPY

IN BRIGHT SUNLIGHT, A MOLECULE OF RHODAMINE B, AN EXCELLENT 1-
OR 2- PHOTON ABSORBER, ABSORBS A PHOTON THROUGH A 1-PHOTON
PROCESS ABOUT ONCE A SECOND, A PHOTON PAIR BY 2-PHOTON

ABSORPTION EVERY 10 MILLION YEARS...
Denk and Svoboda (1997) Neuron, 18:351

Alberto Diaspro - LAMBS - MicroScoBiO Research Center, University of Genoa http://www.lambs.it 53



TWO-PHOTON EXCITATION MICROSCOPY

High photon

density
Time ' Space

Multiphoton excitation

Y

photon
effect

A.DIASPRO, G.CHIRICO, M.COLLINI (2004) QUART. REV. .BIOPHYS.,VOL.38, NR.2, PP.1-72 (2006).

Alberto Diaspro - LAMBS - MicroScoBiO Research Center, University of Genoa http://www.lambs.it 54



TWO-PHOTON EXCITATION MICROSCOPY N_
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Pav= D*Ppk; D=t*F

Alberto Diaspro - LAMBS - MicroScoBiO Research Center, University of Genoa http://www.lambs.it
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TWO-PHOTON EXCITATION MICROSCOPY

Slide credit:Brad Amos, MRC, Cambridge, UK

Alberto Diaspro - LAMBS - MicroScoBiO Research Center, University of Genoa http://www.lambs.it 56



TWO-PHOTON EXCITATION MICROSCOPY

\ \

One-photon Wo-photon
excitation ens excitation
em. ex. ex. em.

M.D.Cahalan et al. (2002) Nat.Rev.Immunol., 2: 872
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Slide credit:Paolo Bianchini, LAMBS-MicroScoBio, Genova
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TWO-PHOTON EXCITATION MICROSCOPY

Z-aXxis

ol AR ,'
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Slide credit:David Piston, Vanderbilt University

Alberto Diaspro - LAMBS - MicroScoBiO Research Center, University of Genoa http://www.lambs.it
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TWO-PHOTON EXCITATION MICROSCOPY

Tissue cultured PTR cells, TexasRed-Phalloidin, FITC-a tubulin, and DAPI. (Drs. Wang and Dunn, ICBM)

Alberto Diaspro - LAMBS - MicroScoBiO Research Center, University of Genoa

http:/ /www.lambs.it
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TWO-PHOTON EXCITATION MICROSCOPY

Two photon volume of dapi labeled nuclei and fluorescein labeled anti-cadherin. (Dr. Dunn, ICBM)

Alberto Diaspro - LAMBS - MicroScoBiO Research Center, University of Genoa http://www.lambs.it 61



TWO-PHOTON EXCITATION MICROSCOPY @

Penetration depth

One-Photon Two-Photon

. -lan

70 um Deep 140 um Déép

Images of a Shark Choroid Plexus Stained with Fluorescein
Piston DW (2005), PLoS Biol 3(6): €207
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TWO-PHOTON EXCITATION MICROSCOPY

Penetration depth

Stratum

Granular

Spinous

Three-dimensional reconstructed two-photon images of in vivo human
skin. The strata corneum and the basal layers are clearly visible.

(Image credit: PETER SO, BARRY MASTERS)
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TWO-PHOTON EXCITATION MICROSCOPY

Penetration depth
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Real-time visualization of thymocytes within intact thymic lobes using two-photon microscopy (2005) PLoS Biol 3(6): €205
Alberto Diaspro - LAMBS - MicroScoBiO Research Center, University of Genoa http://www.lambs.it 64



r_ _
TWO-PHOTON EXCITATION MICROSCOPY

Two-photon microscopy reveals the three-dimensional dynamics of B cell (red) and T cell (green) conjugate within lymph tissue in real time

Citation: (2005) Tracking the Details of an Immune Cell Rendezvous in 3-D. PLoS Biol 3(6): e206
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TWO-PHOTON EXCITATION MICROSCOPY
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TWO-PHOTON EXCITATION MICROSCOPY
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TWO-PHOTON EXCITATION MICROSCOPY
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SPECTRAL INFORMATION

TCS SP5 resonant scanner 50 Hz framerate. Simulataneous record of CFP, GFP, YFP, DsRed, DiD and transmitted light.
Credits: LEICA microsystems and Dr. Harald Hutter, Max Planck Institute (MPI) for Medical Research, Heidelberg, Germany
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SPECTRAL SEPARATION PROBLEM

€ Prism
€) Sliders

€) Detector

TCS SP5 resonant scanner 71 Hz framerate.

Beating cilia in reflected light and Dil-Fluorescence together with
transmitted light.

Courtesy of Kristin Tessmar und Detlev Arendt
European Molecular Biology Laboratory (EMBL) £eim
Heidelberg, Germany

MICAOSYSTEMS
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TWO-PHOTON EXCITATION MICROSCOPY
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DIASPRO ETAL., MICROSC.RES.TECH., 47(3), 196-205, 1999

Alberto Diaspro - LAMBS - MicroScoBiO Research Center, University of Genoa http://www.lambs.it 76



TWO-PHOTON EXCITATION MICROSCOPY

DIASPRO ET AL., MICROSC.RES.TECH., 47(3), 196-205, 1999
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Leica SP2 AOBS

A.DIASPRO, G.CHIRICO, M.COLLINI (2004) QUART. REV. .BIOPHYS.,VOL.38, NR.2, PP.1-72 (2006).
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TWO-PHOTON EXCITATION MICROSCOPY

108 sec

Tsunami-Millennia

| (680-830/780-930),
Chameleon XR (720-980)
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TWO-PHOTON EXCITATION MICROSCOPY

copyright LAMBS/Paolo Bianchini

A.DIASPRO, G.CHIRICO, M.COLLINI (2004) QUART. REV. .BIOPHYS.,VOL.38, NR.2, PP.1-72 (2006).
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TWO-PHOTON EXCITATION MICROSCOPY

opyright LAMBS/Paolo Bianchini

Alberto Diaspro -
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TWO-PHOTON EXCITATION MICROSCOPY @

Slide credit:Mario Arace, 1978
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TWO-PHOTON EXCITATION MICROSCOPY

Voce “Cellula”, Supplemento Piccola Treccani

Alberto Diaspro - LAMBS - MicroScoBiO Research Center, University of Genoa
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TWO-PHOTON EXCITATION MICROSCOPY

opyright LAMBS/MicroScoBio
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TWO-PHOTON EXCITATION MICROSCOPY

Eledone cirrhosa (octopus) sperm heads

DIASPRO ET AL., MICROSC.RES.TECH., 47(3), 196-205, 1999

Alberto Diaspro - LAMBS - MicroScoBiO Research Center, University of Genoa http://www.lambs.it



TWO-PHOTON EXCITATION MICROSCOPY

Two-photon micropatterning on fluorescent
microspheres (22 um) using photobleaching

DIASPRO ET AL., MICROSC.RES.TECH., 47(3), 196-205, 1999
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TWO-PHOTON EXCITATION MICROSCOPY

Selective 3D damage on
Saccharomyces cerevisiae cell layers

T
i
i
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DIASPRO A., EJH, 1999
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TWO-PHOTON EXCITATION MICROSCOPY

From Karsten Konig Lab

Journal of Microscopy, Vol. 200, Pt 2, November 20000, pp. 83— 104,
Received 200 December 1999; accepted 16 June 20000
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TWO-PHOTON EXCITATION MICROSCOPY @

From Karsten Konig Lab

Fig. 18. Chromosome dissection within living cells using the femtosecond NIR laser microscope. The cell remained alive.

Journal of Microscopy, Vol. 200, Pt 2, Novenber 20000, pp. 83-104.
Received 20 December 1999; accepted 16 June 2000

DIASPRO ET AL., MICROSC.RES.TECH., 47(3), 196-205, 1999
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SINGEL FLUORESCENT PROTEINS

Thregninesg - Tyrosineogg

Chromophore (65)

Fusion of
Ser 65, Tyr 66, Gly 67

CINELLI RA, FERRARI A, PELLEGRINI V, TYAGI M, GIACCA M, BELTRAM F.,
PHOTOCHEM PHOTOBIOL. 2000 JUN;71(8):771-6.

CINELLI RA, TozzINI V, PELLEGRINI V, BELTRAM F, CERULLO G, ZAVELANI-ROSsSsI M, DE SILVESTRI S, TYAGI M, GIACCA M.,
PHYS REV LETT. 2001 APR 9:86(15):3439-42.

PHYS REV E STAT NONLIN SOFT MATTER PHYS. 2004 SEP;70(3 PT 1):030901
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SINGEL FLUORESCENT PROTEINS

TPE @ 785 nm TPE @ 720 nm TPE @ 785 nm

E2GFP

E2GFP in silica GEL,
maximum excitation
within 700-800 nm range
@  785; after imaging
photobleaching @ 785;
photocycling @ 720 nm -
no photorecovery @
710/730 -; final imaging
@ 785.
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PHYS REV E STAT NONLIN SOFT MATTER PHYS. 2004 SEP;70(3 PT 1):030901
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SINGEL FLUORESCENT PROTEINS

F2GFP
Two Photon Switching Protein

Green Green Green Green
emission emission emission emission

780 nm 720 nm /80nm
870 nm 870nm

PHYS REV E STAT NONLIN SOFT MATTER PHYS. 2004 SEP;70(3 PT 1):030901
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GFP-PHOTOACTIVATION

Switching on a subset of the expressed protein

PHOTOACTIVATION

PRE ACTIVATION POST ACTIVATION

(PexciraTion)= 0,04 mW, Aexciration= 488nm (Pexciration)= 0,04 mW, AexcitaTion= 488nm
Pixel time=4,9 us, 512*512 pixels Pixel time=4,9 us, 512*512 pixels

desired VolUme

|. Testa, S.Barozzi, M.Faretta, A.Diaspro (2005) - LAMBS-IFOM Research Note, 7.
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GFP-PHOTOACTIVATION

FLUORESCENCE MICROSCOPY SINGLE-PHOTON ACTIVATION

SCHNEIDER M., BAROZZ] S., TESTA I., FARETTA M., DIASPRO A.
(2005) BIOPHYS. J., voL.89(2)

Alberto Diaspro - LAMBS - MicroScoBiO Research Center, University of Genoa
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GFP-PHOTOACTIVATION

TWO-PHOTON EXCITATION TWO-PHOTON ACTIVATION
MICROSCOPY

IR-NIR
2PE
F 3

* S
X

Denk, W., Strickler, J.H. & Webb, W.W. Science 248, 73-76 (1990). SCHNEIDER M., BAROZZI S., TESTA I., FARETTA M.,

DIASPRO A. (2005) BIOPHYS. J., vOL.89(2)
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TWO PHOTON ACTIVATION IN LIVING CELLS

PA-GFP + H2B
He-La cell (PacTivaTion)= 10mW
AACTIVATION= 720NnM
Pixel time= 300us
(Pexcrration)= 0,04 mW, AexcitaTion= 488nm
Pixel time= 4,9 us, 512*512 pixels
LOCALIZED
INTERACTION a

''''''''''''
i -+
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TWO PHOTON ACTIVATION IN LIVING CELLS

llaria Testa, Mario Faretta, LAMBS-MicroScoBio IFOM-IEO

|. Testa, S.Barozzi, M.Faretta, A.Diaspro (2005) - LAMBS-IFOM Research Note, 7.
PA-GFP, LEICA SP2 AOBS spectral system, Chameleon-XR Coherent tunable Ti-Sapphire laser
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TWO PHOTON ACTIVATION IN LIVING CELLS

|. Testa, S.Barozzi, M.Faretta, A.Diaspro (2005) - LAMBS-IFOM Research Note, 7.
PA-GFP, LEICA SP2 AOBS spectral system, Chameleon-XR Coherent tunable Ti-Sapphire laser
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