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Goal of the microscopy in Cell Biology

N\ =Ty _ N - e - —_————

® | ocalization 'aj l‘ . -
(Co-localization, structure, ' . ) W"; t
large image, 3D,...) : o Y § ?
) 2, :

® Dynamics

(time-lapse, FRAP,
tracking, Ca2+, ...)

® Interactions
(FRET, FCCS, FLIM, ...)
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Brightfield

Phase contrast  DIC optics

(C. Sardet, Plancton, Ed. Ulmer)

N
© o /"
http:/ /www.olympusmicro.com/primer/techniques/dic/dicphasecomparison.html E
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Adapted from: iBiology (Ron Vale, Univ. of California, San Francisco)

Choosing the right microscopy technique
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Adapted from: iBiology (Ron Vale, Univ. of California, San Francisco)
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Adapted from
www.nobelprize.org/educational/
physics /microscopes/timeline/index.html
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Adapted from
www.nobelprize.org/educational/
physics /microscopes/timeline/index.html
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The GREEN revolutlon' GFP &

F BN 900 milion years ago
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Fluorescent dyes & proteins

Fluorescence:

® Maximum excitation and emission wavelength
@ Extinction coefficient

® Quantum yield

@ Lifetime

® Stock shift

Different Tamilies ot Tluorophores:

® Fluorescent proteins
® Non-protein organic fluorophores
® Reactive and conjugated dyes

) |
v < ~ ‘_-
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Photobleachmg & Photactlatlon techmques

Kinetics

(FRAP)....... Fluorescence Recovery After Photobleaching
(FLIP)......... Fluorescence Loss in Photobleaching
(PA) S PhotoActivation
)
Adapted from: http:/ /www.olympusmicro.com/primer/techniques/confocal/applications/ w - - E
opticalhighlighters.html
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Photoconversion reactions in Optical
Highlighters
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Palette of PA-FPs:
-1)..... Photoactivated (PA-GFP, PA-mCherry1)
-2)..... Photoconverted (Kaede, Kindling, mEos2, Dendraz2, --)
=3)..... Photoswitching (Dronpa, )

) )
C (<)
Adapted from: http:/ /www.olympusmicro.com/primer/techniques/confocal/applications/ - E
opticalhighlighters.html
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Spatial and temporal resolution of biological
imaging techniques 9
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Temporal MRI and Ultrasound
resolution - Fluorescence L TS YR

Microscopy

Widefield and TIRF Microscop

Superresolution Confocal Microscog

e 4Pi and I'M

gh Resolution Structured lllumination

Ground State Depletion (GSD

urated Structured lllumination (SSIM

ated Emission Depletion (STED

g PALM, FPALM and STORM

(from Zeiss at: http://zeiss-ampus.magnet.fsu.edu/articles/superresolution/ Bi@imc ina s
introduction.html) core facility

e

mercredi, 29 avril 15



What type of technology IS avallable‘?
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EEvanescent Wave EE Confocal Laser EE Fluorescence :ENipkow Spinning:E Two-Photon :
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; (TIRFM*) . 'Microscopy (CLSM).:  Microscopy ' E Microscopy ' E
: :: ‘0 e\ —— :: . |: - R o . l: Ty .
; ¥ R ¥ - f o . e |
' :o ﬂ \ :' \ :: . : 1] | :
: .: Porircie medrm 4 .: e ‘ ! \ :. ul:] i\ .
' :l -~ ""‘ :' ; ! l: :: S \7 :
; ' o ' e el €3 ¥ . '
: B e B e - § —
e e e s Bhim e N e H

(*TIRFM :Total Internal Reflection Fluorescence Microscopy)

+ Laser Dissection Microscope . o N
+ automated systems (Mirax/ slide scanner, ImageXpress/plate reader,....) Blﬁlmaglng[;_:

core facility |
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WIDEFIELD 0.62A/NA

195 nm
273 nm

CONFOCAL
Microscopy 0.4\/NA

126 nm
176 nm

TWO-PHOTON 0.7A/NA

Microscopy o

308 nm

Examples (63x/1.4 objective, n= 1.516) :

(always based on the EMISSION wavelength !)

2An/NA2

683 nm

2.3An/NA2

786 nm
1097 nm
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What type of machine is available?

TIRF
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Point

Out-of-Focus —
Light Rays

In-Focus —
Light Rays

Objective\

mercredi, 29 avril 15

= Photomultiplier

Detector Principal Light

Pathways in

Detector ¢ onfocal Microscopy

- Pinhole
Aperture

Dichromatic Laser
,Mirror Excitation
Sogrce

-_-_w_‘,__’_ - — |!i! : 3

Excitation
Light
Rays

I
Light Source
inhole
Aperture

. Focal
Planes

Figure 1




Point

Confocal
microscope
drawbacks:

Out-of-Focus —
Light Rays
@ Scans excitation spot point-

by-point to build up image In-Focus —

Light Rays
@® Slow (~1 sec to acquire an
image)
Objective\
@ Low light efficiency (due to
use of PMT as detector)

@ Solution: use multiple pinholes
and a camera

= Photomultiplier

Detector Principal Light

Pathways in

Detector ¢ onfocal Microscopy

- Pinhole
Aperture

Dichromatic Laser
,Mirror Excitation
Sogrce
Excitation

Light
Rays

I
Light Source
inhole
Aperture

: Focal
Planes

Figure 1
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A solution: spinning disk contocal (Nipkow)

» -1) Image with many pinholes at once, so fast
-2) Use CCD as detector, so high light efficiency

Yokogawa Spinning Disk WH
Light Direction LR F T\ )
' "“'_ "\‘ w ‘\\
Lens VR . ‘ \
‘\' S CCD \ \ ‘ ‘ ‘ \\
AR \ ?Q $ t
™ Dichrometic Mirror _SPECIMEN

http://zeiss—-campus.magnet.fsu.edu/tutorials /spinningdisk /yokogawa/indexflash.html
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How does TIRF microscopy work?

(Total Internal Reflection Fluorescence Microscopy)

Low index

Elciul-}

, - Glass -////
- \ : 4
\ (n§1.s1e) S e

Angle

When the incident angle is greater

In TIRF, only those flucrophore than the critical value, the laser light

molecules that are near the cover undergoes total internal reflection
glass surface are excited from the glass-water interface.

http:/Amvww.olympusmicro.com/primer/techniques/fluorescence/tirftifhome.html



Some key TIRF formulas

But electric and magnetic fields cannot be
discontinuous at a boundary, therefore:

Evanescent field:
v

I, =lhexp “°

Lo --—‘_-- :
z ™ y /
” a { ¢ -
. 1 =
,/o’,—' : 4y sin“6y = n;

Frp. L D3P T oiog tonsity, 2 = distance, A = wavels

||I ponotration dopth

Snell's law:

Fig 101 ontial stenss

S ol var o

oot ation dogpl

Critical angle:

At the critical angle, & ¢

Toomre and Manstein (2001) Trends in Cell Biol 11:298
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Ambiguities in TIRF data interpretation

o L o

C

Vesicles of equal brightness are not necessarily located at equal distances from the plasma
membrane, because:

1. The plane of reference for evanescent-wave distance measurements is the glass/water
interface — at which the light is reflected — rather than the plasma membrane.

2. The value of the penetration depth of the evanescent wave, determined in aqueous solution,
Is modified by the higher-refractive index medium of the cytoplasm.

Oheim et al (1999) Eur Biophys J 28: 91-101

mercredi, 29 avril 15



Summary |-lll: features of TIRF imaging

mercredi, 29 avril 15

*TIRF microscopy is a powerful tool for studying membrane-associated signaling
with supra-optical resolution (optical sections thinner than in confocal microscopy);

*Single molecules can be visualized and tracked with time-lapse TIRF, and their
conformational changes as well as ion flux can be detected with TIRF-FRAP,

*TIRF imaging is largely limited to the basal plasma membrane, although some
groups have reported first studies in which apical membrane was also visualized,

Ambiguities in TIRF image interpretation may arise from complex membrane
topology, and light scattering on organelles may compromise the TIR effect.




#» Performance Metrics of nhew imaging
Al technologies (E. Betzig)

Spatial
Resolution
)
Photocyto Imaging
toxicity (T) depth (D)
Speed
(S)
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Performance Metrics of hew imaging
technologies (E. Betzig)

Superresolution localization

2D structured illumination microscopy
% Spatia S|
- \ Resolution A T e e
(S) AN
R: 60-100 nm (xy) f':"’. ‘« & 3 J
S: 1-10 fps S NS
T: 20-200 frames
D: 0.05- 3.0 um
:::if:(i):y:'?) lnaging Two-photon/
y depth .(D) confocal adaptive
Lattice light Speed microscopy
Sh_eet (S) R: 300*300*1000nm (xyz)
microscopy 2 K..f\.f&ie 5
R: 150-240°240°280-370nm (xy2) b - AN 204
S:50-1000 planes/sec
T: 50-inf. volumes 5
D:20-100um - /
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Core facility
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EDUCATION

http://www.ibiology.org/ibioseminars.html
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Bringing the World's Best Biology to You
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Differential Interference Microscopy
(DIC) Invented by Nomarski and Smith
in 1960's
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(Sergei)

Group 1 Group2 Group3 Group4

Spinning disk confocal 13.30-14.15 16.00-16.45 15.15-16.00
(Olivier)
Point scanning cor!focal 13.30-14.15 15.15-16.00 16.00-16.45
(Byung Ho, Francois)
TIRF e ; 15.15-16.00 16.00-16.45 13.30-14.15
(Patricia, Daniele)
Ima r in

il e, 16.00-16.45 15.15-16.00 13.30-14.15

15.00-15.15 coffee break

© CE
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