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Advanced fluorescence imaging techniques for

Bi@moging life sciences.
CORE FACILITY

Bioimaging course, April 2019

Faculty of medecine 4
Geneva (4 sessions, 4 hours each). ECTS : 1.5.

Program

Session 1- Introduction to widefield and confocal microscopy

! Friday 5 April 2019

Time

13 :00-14 :00

(room A04.27.06)

General presentation of the Bioimaging course

Introduction to widefield and confocal microscopy

14 :00- 15 :20
(room C06.1742.a)

Hands on session 1 (widefield/confocal, group work)

During the session basics of optics and microscopy will be covered. The goal is
to make two types of measurements (Paint Spread Function or PSF, lateral and
axial resolutions) in widefield and confocal microscopy.

15 :20-15 :30

Break

15:30-17 :00

(room C06.1742.3)

Hands on session 2 (Widefield/ confocal, group work)

Session 2- F-techniques (FRAP, FRET)
Friday 12 April 2019

Time

13:00-13:20
(room A04.27.06)

Fluorescence, fluorochromes and F-techniques

13 :20-14:50

(room C06.1742.a)

Hands on session (group work)

®  FRAP experiments

14 :50-15 :00

Break

15:00- 17 :00
(room A04.27.06)

Hands on session (group work)

e Basics of digital imaging
e Data handling
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Session 3- Super-Resolution techniques

Tuesday 16 April 2019

Time

13:00-13:20 General introduction
(room A04.29.10) STED, SMLM (PALM, STORM), Airyscan.

13:20- 14:20 Hands on session 1 (group work)

(room C06.1742.a) STED and Airyscan
14 :20-15 :20 Hands on session 2 (group work)
(room C06.1742.a) STED and Airyscan

15 :30-17 :00 Data Handling acquired in widefield and in confocal:

(room A04.29.10) *  Concept of Deconvelution
e Use of Huygens sofware

Session 4- Image manipulation

Friday 26 April 2019

13 :00- 13 :05 Group picture

13 :05- 14 :05 ps and tricks for data presentation
14 :05-14 :20 Open discussion/ remarks

14 :20-14 :30 Break

14 :30-17 :00 Comparison between the images acquired in widefield and confocal

(room C06.1542.a) (before and after deconvolution) and also in Airy scan and STED:

*  Compilation of these data

® Determination of the resolving powers of these different types of
microscopy and comparison
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The GREEN revolution: GFP &

77 A.D.
Pliny the Elder writes
of glowing jeltyfish

Douglas Prasher clones Asquorin

1
Douglas Prasher clones AvGFP

LéH—r

1996

Mats Ormd, Jim Remingtion,
Roger Tsien & co-workers
solve GFP Crystal structure

1994
Martin Chalfie expresses AvGFP
in bacteria and worms

1997

Jorg Wiedenmann proposas
the axislence of GFP-ike
proteins in sea anemones

Mikhail Matz, Sergey Lukyarmv -h =
8 co-workers clone first RFP (DsRED) m

ﬂ!'!m

'y
“enus, Kaede developed by Takeharu MNagai,
Ryoko Ando, Atsushi Miyawaki & co-workers

2002

PA-GFP Developed by
Jennifer Lippincott-Schwarlz,
& George Patlerson

- :

2004
mKO and Dronpa developed hy
Atsushi Miyawaki & co-workers

2004 =
PS-CFP2 daveloped W
Konstantin Lukyanoy, Dmitry Chudakeony,
Viadislav Verkusha, Sergey Lukyanov
e, ':!

2006
mTFP1 developed by
Robert E. Campbell & co-workers

ped by Nadya Gi
L &

— .
900 million years ago
Cnidari and Bilateria
families diverge

1962
Osamu Shimomura observes
autoflucrescent protein & isolates Asquorin

fawt

Devoiopmonl of *mFruit” series by
Nathan Shaner, Roger Tsien, Robert Campbell & co-workers
1
| I 1
mOrlnge hﬂmnmn mStrawberry mChemy  mPlum

1994
Roger Tsien, Roger Heim & Doug Prasher
begin mutagenesis of AvGFP

1

¥FP (T203Y) developed & characterized
by Jim Remington, Rogar Tsien,
Rebekka Wachter & co-workers

2001
Citrine developed by Oliver Griesbeck,
Robert Campbell, Roger Tsien & co-workers

2002
DsRED.T1 devaloped by
Benjamin Glick & co-workers

2002
mRFP1 developad by David Zacharias,
Amy Palmer, Robert Campbell,

“ Paul Steinbach, Roger Tsien & co-workers

2004
Carulean developed by
David Piston & co-workers

2004 - 2006
EosFP developed by Anya Salih, Ulrich Nsenhaus,
Jarg Wiadenmann, Franz Oswald & co-workers

GFP-dernved

B ?
Sy
GFP developed by

2007

TagRFP and mKale developed by
Dimitrty Chudakov, Sergey Lukyanowy,
Konstantin Lukyanov & co-workers

2008
Fucei and mKOZ developad by
Alsushi Miyawaki & co-workers

2008 \J

Roger Tsien, Osamu Shimomura & Martin Chalfie
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Les Conférences de la Faculté
CycLe: FRONTIERS IN BiloLogy

Breeding and building molecules
to spy on cells and tumors

Roger Tsien

Prix Nobel en chimie 2008

Howard Hughes Medical Institute
University of California
San Diego, La Jolla

Mardi 27 avril 2010 a 12h30
CMU - Auditoire A 250

Conférence donnée dans le cadre du symposium organisé
en I'honneur du Professeur Claes B. Wollheim

Entrée libre

7" UNIVERSITE
'~ DE GENEVE

Hote: Christian Lischer (Tél. 022 379 5423) AU EDE MBS

www.medecine.unige.ch/frontiers-in-biclogy

| COMFERENCE |
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Main appllcatlons in light microscopy

1- Localization

(co- Iocallzatlon, structure,
large image, BD, super—resolutlon )

2- Isolatlon/ ablatlon

(laser microdissection)

3- Dynamics e
(time-lapse, FRAP/ photoactivation,

tracking, Ca2+ imaging/ ratlometrlc
Imaging---) -

4- Interactions

(FRET, FLIM, FC(CS)---)




Anatomy of an epl-ﬂuorescence microscope

- Detector/ sensor

Emission filter .

Light source

Dichroic mirror—>

Exutatlon filter

objective




Wldefleld illumination cone VS
SCe nnmg of sp __-__zgclmens

Glass .
% : ’:'Eipecime:h—h"————- _

~~Microscope =" :
Slide " -

Widefield Scanning Numination Point Scanning
Beam

« Widefield microscope entire depth of the specimen
over a wide areais illuminated -

- Confocal microscope: the sample is scanned with a
finely focuse spot of |IIum|nat|on centered in the focal
plane.




3D reconstruction




Advantages of confocal microscope

- Ability to control depth of R Y
flEld B - S 7 . =" 1 - Confocal

+ Elimination or redu’c.giéhofﬁ )
background information
away from the focal plane

Mon-confocal

- Capability to collect serial
optlcal sections from thick
specimens
-A'-..s,é.tt-i'olﬂn of mouse intestihé-i'magéd_.

. with both confocal and non-confocal
~ microscopy ity




Main appllcatlons in CLSM

Abl Reporter in 3T3 Cells

F-techniques I
(FRAP, FRET,

photo-conversion)




Epiaxial confocal mlcroscope for fluorescence

@ Different laser linesas sources =& PhOtOMU“'P'lerTUbe (PMT)

of excitation _“'.barrler fllter .

(2 Galvanometric m|rrors to XY | _ _ Detector/ sensor
scan the field of V|ew | e il

©) Acousto-optlcally activated N
crystals are used to separatethe =~ Emlssmn e
excitation & emissionsignals = fllter \

(@) Same objective for illumination
& detection
: | -~ Dichroic
(5) Stepping motor in the Z JE bl aser Source
direction to make optical slicesin & = f"\scanner S
the sample 5 . ot ;

. : objective Excitation filter
(&) Pinhole to reject photons R - ;
coming from the planes outofthe = = = 0 4 : s
focal plane o e I | _ Focal point

@ PMT behind the pmhole to make
photon counting for each focal point




Pinhole and optlcal sectionning

Role: rejection of photons from out of-focus-llght 9 The
pinhole directly mfluences the thlckness of optlcal slices.




CLSM: one single beam scanning

Excitation mus__ :e;;focused to a diffraction Ilmlted spot.
Laser= perfectly c _"I____l_mated and high power R

Laser ,spdt -

Fluorophores b

Excitation Detected |
beam fluorescence

Create image by scanninlg .Iaserpbint-by-pointover
sample and recording intensity at each spot

o~ Ty
SRS
N e




PhotoMuItlpller Tubes (PMT)

~ Common thtnmulplier Dynode Chain Configurations

Photocathode — S Head-On Photomultiplier

Photocathode ~ , oYnedeChain Anode

" ' Focusing : é
Photoelectro : ——5 Electrode
otoelecirons Dynode Chain n

Voltage
Side-On Photomultiplier Dividers Power Supply

Gain varies with the voltage across the dynodes and the
total number of dynodes : W|th typlcally 9 dynodes, gain
of 4x10° can be achleved

http:/ /www.hi.helsinki.fi/amu/AM U;‘%§0Cf_tut/cf_tut_part1-7.htm




New generation of confocal detectors
~_ HyD |

(Hybrld Detector)

Incident photon
T GaAsP photocathode

Vacuum acceleration over 8.5 kV

* Next generation of detectors are Slgnlflcantly more
sensitive. |

- Particularly useful Wiih'photoh Ilmlted sampIeS & "h’i gh
speed imaging (ex. lee cell confocal with a resonant
scanner) e g




Confocal Laser Scannmg Mlcroscopy

(+) Very thin optical sectioning

* (+) Multi-dimensional acqulsmons, (+) Multi-labelings
- (+) F-techmques

Small pmhole large fluo. r%jéctlon, requlres a strong
signal of fluorescence
Strong photobleaching, photo cytotoxicity
Slow acquisition
Limited number of lasers (ex.)...
- Now there isa solutlon White laser (but expenswe)




Other beam scannmg techniques

Multiple_ beamscannlng : the Nipkow disk

Disk rotation /

. One wa to increase the
@ scanning speed is to increase
~ the number of scanning
. Spots.

~ The spinning disk with
"‘“ﬁmholes was introduced

_ into a microscope by Mojmir
- Petranin 1968.

- — onlystrong

S|gnals could be




Scannmg W|th the Nlpkow disk

Ynkngawa Splnnmg Disk

Light Direction

.-"'i
By

\;;_ -_

I Mouse Prostate |

Z-Depth

The spmnmg dlsk fills the spaces between the
holes to create a real-time confocal i image &




Scannmg W|th the Nlpkow disk

.
L
S

Fixed pmholes size (9 fixed optical section.)
No optlcal zoom




~Hands-on session
_ssanasao | ssavasao | ssavizeo

SRl L Video time-lapse LSMS00
(Jessica, David, Olivi Break . .
Manon, Olga) (Olivier) (Frangois)

Group 2 LSM800 Video time-lapse
(Frangois) (Olivier)

(Axel, Marina,
Karolina, Alix)

T GIRR e
A | AR Yo
Super-resolution (30-gated sTED)

Bleaching
Resolution

Speed acq

Nipkow

LSM800
Airyscan

Confocal
p

Bleaching
Resolution
Speed g
Multicolor

Depth ()
\ >

Nikon A1r SN
spectral :

Evanescent wave microscopy
-~

Nikon ATr cos,1

Bleaching
Resclution
Speed acg

Muiticolor

Depth (2}




Deconvolutlon (definition)

Before

White: MTs, Green: kinetochores,

< A mathematical processing technique for impr'oving the
contrast and resolutlon of dlgltal images captured in the
microscope. | | |

< Many different deve]utlon algorlthms avallable. o
(Rlchardson -Lucy,...) | -

(Images courtesy of A. Ferrand, University of Dundee, UK)




Prmqple of deconvolution

e
i )

Ina perfecg._world;‘;';"' . _inreallife!

Sub- SR g o 0 Sub-
resolution - T B Y & resolution
fluorescent i g . fluorescent

bead i | bead

Z-stack

& 2




Measurmg the PSF

Out-of-focus Ilght is essentlal for deconvolutlon n

=) Don’t crop PSF and i |mage itinX, Y, Z, |nten5|ty
(saturatlon) :




Needed information:

D
o
o
oo
o
o
D
o
o

Imaging mode (widefield, confocal
Magnification

Numerical aperture

Pixel dimensions (X,Y,Z) _
Refractive index immersion oil..
Refractive index mounting medi |
Thickness coverslip (water objectlves)
Emission wavelength |
Distance from coverslip




Rules for PSF and sample

O Clean sample, hlgh quallty coversllps

© Z-spacing
> Seeonline Nyqulst calculator |

© Choice of objective L | -
Water: least problems with refractlve mdex m|smj afch
Oil: least affected by uneven coverslip thickness

O Immersion oil
O Avoid/ correctimaging aberratlons

Uneven illumination/ camera sensmwty, sample movement, unstable
light) | :

O Don't crop%l.rﬁﬁge and outof-focusllght in X; Y, Z, intensity |




